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By Professor J. R. AINSWORTH DAVIS 


K of iigricuItuiT* in Western 

Kurope liiive Ix'on traceil baeU to th(‘ n^nioti^ 
yire-historie times wlien weapons and imple- 
ments W(‘re made of ]>olished stone, and tin* 
valuable projierties of metals wer(‘ unknown. 
We can only eonjeetun' as to tin' manri(‘r in 
which th(* cultivation of wild plants began: 
blit it has beiai suggi'sted that the practice 
arose in the siipi'ustit ions custom of biiryinu: 
berries and grains with the bodii^s of deecastal 
frii'iids, to siu've as food for tlu'ir ghosts. The 
plants springing Uf) from tlu'Sf* ollenngs would 
no doubt be. mort‘ vigorous tlian their wild 
congeni'rs, and t]u‘ discovi'rv that tlu‘ turning 
up of tlu* soil had to do witli such ;i result 
might ultimatidy Ix' madiv In vsome such way 
as this th(* inijxutance of till;igc no doubt 
gradually cann* to lx* ind(‘p(aidcntly perceived 
by wild tribes living in different hxMblies. 

Our Debt to the Grasses. By taking 
advantagci of the stori's of nutritive matter 
that giassi's lay up for the Ixuielit of tlu'ir 
otfsjiring, to say notliing of tb(‘ value of the, 
plants thejnselv(‘s as hxxl foi' donu'stii'ati'd 
animals, the evolution of civilisation has Ixxui 
immensity furtlHU'ixl. Wheal, barley, oats, 
and all otbiM’ ei'reals ar<‘ simply euitivated 
grasses, the value of wlii< b lias Ix'cn enormously 
eiibaiiced by the increase in sizi' and number 
of their grains as the result of thousands of 
years of tillage, d ill now' it. is (*stima.tetl tliat 
wheat, the type we arc considering, is capable 
of yielding sonu* 2,tM)0 [x>unds of hxxl per acre. 
How best to increase this yiidd and to extend 
the wbeat'growing ari'a, are among the most 
prt'.ssing economic problems of flic present 
time, and their solution will nl.viously be more 
and more urgent as lime g(x-s on. 

Structure of the Whcat=plant [158J. 
Without r<-peating what, has (‘tsewhiTe been said 
about the eharacti'rs of grasses in general, it 
may Ix^ remarked ben' that tiu^ hollow' sti'ins 
are eminently adapted for supfxu’ting the lieavy 
ears, and that the main nxd of the seedling 
remains undeveloped, the root system consisting 
of a multitude of branching filwos wliieh ramify 
through the soil. As, from the nature of the 
i*ase, the plant Ix'comos more and more top- 
heavy as its value increases, it is clear that the 
selection of varietii's with a vigorous and e.xti'ii- 
sivo r(X)t system is a matter of great iin])ortanee. 
Ih'side.s wliieh, the soil must be sulTieiently firm 
to afford a good liold. Failing Ihesi* conditions, 
ihe two great onemii's of tlu* erop--wind and 
iWn "-ospocially when acting in conjunction, 
t.iay i>lay sad havoc. And these eomlitions 
h ive much to do with didermining the extent of 
tUe area available in the future as wheat-land. 


Flowers of the Wheat. An ear of w heat 
[Triticuju nthjcirc) consists of numerous crowded 
8[>ik(‘let.s, each of which e.ontains several 1 lowers 
invi'sted in scaly glunu's or hra,etH (1591. Li 
“ Ix'ardeil wlu'at ’’ some of these are drawn out. 
into long threads or awns. On (*xamining a 
single flower [160j. w'l' find that it possi'sses a 
pair of small scab's, the /or//ca/r.s‘, w hieh possibly 
n'present the eovi'ring leavi's or piuianth- t.c., 
the eonstiieuous part of an ordinar}?^ sort of 
flower. There are three staim'iis with long 
slender filaments, to which the antlu'rs are so 
attaeheil that, they swing about very easily, 
'riw'y pnxluee an adimdanee of dust-liko 
pollen. Th(^ ])islil consists of a single earpel, 
crowned by two feathery styb's, of wliich the 
hrauches serve as stigmas or |>olleii-eatehers. 
'riu' sw'olb'U hast' of the }>islil - /.e., the ovary 
— is destined to become the wlu'at grain, and 
contains a single ovule or incipient seed. 

Pollination and Fertilisation. 'Hk^ 
llowers do not open thoroughly unb'ss tho 
temperature is a little over titt’ F., and here the 
bxlieules play an important ])art, for they swell 
up a.nd force tho investing scales apart. This 
usually taki's place in the morning. The anthers 
of the projei'ting staimms are l asily movi^d hy 
tin* w'ind, which carries somt' of llieir pollen to 
otlH'r dowers, thus (*dVeting crossing, the 
feathery styles ealeliing any grains that may 
chance to he hlowui against tlu'iu. A certain part 
of the pollen reimiins jn thi' sanu' flower, and 
maye.th'ct si'lf-fxillinal ion, which isetfective. In 
unfa voiira hie weatlu'r tlu' llow'crs do not open at 
all, and crossing cannot then take ])lae(*. Flower- 
ing begins and ends the same day. The grains 
which result from (‘rossing are larger and 
liealthier than those jirodueed hy si.df -fertilisa- 
tion. 

Structure of the Wheat-grain. A j 

grain of wheat is of elongated shape, with a | 
gr(x>ve running along one side ( IBll. It is a ' 
fruit, and not a si'cd, and is t'overed by a, 
rather thii^k mi'iiihrane representing the wall 
of the ovary and tlu' seed-eoat, wliieh are clo8<dy 
adherent. ‘'Pho great mass of the grain is a food 
store, for th(^ embryo, which may he st'i'u at tin' 
base of the ungrooved side 1 162|, and consists 
of a primary shoot (pliirntifr) and a [u’imary 
root {ratfirlr), around wdiieli is folded the single 
sei'd-leaf or ndfflf dtm. The ei'iitral jiart of this 
i.s termed the w'.ntrlhnns and is closed y applied 
to the food store or endosperm ( 163j. 

Kxamination of a mieroseopie soetion of part 
of the grain [1641 shows externally the mern- 
hraiious investiiK'iit alludi'd to above. This is 
the bran,” which is retained in brown brea. 
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and rcmov(*d in while. Under this is a layer 
of “ gluten-C(3lls,” containing grannies of albu- 
minous nature. Since this is largely milled away 
in grains destined to inakc white br(‘ad, this 
bread is less nutritious than brown bread. 
Within this again, larger cells crowded with 
starch make up the greater part of the 
endosperm. 

Germination of Wheat. Given moisture, 
air, and a fairly high temperature, the wheat - 
grain begins to germinate [165]. The plumiih* 
elongates and puslu^s its way above ground, to 
give rise to the stem and leaves, while the 
1 ‘adicle breaks out and grows down into the 
ground. Its development, how'ev(‘r, is soon 
arrested, and most of the wheat-roots are 
, derived from the lower part of thi* stem, 
i Until the seedling is able to got its own living, 
I it feeds upon the endosperm. T1 nutritive 
‘ matters in this have to be converted into a 
soluble form before thtiy can b(' absorbed by the 
embryo. This is the work of the scuiclliim, 
which produces substances know n as jcnnentM^ 
that digest the endosperm in inucli the same way 
, that food is digested in the animal body- That 
; is to say, the practically insoluble starch and 
gluten are convert t^d into soluble materials 
(sugar in the case of starch), which are absorbed 
by the scutellum, and ditTuse into (he growing 
shoota and root^. By the lime the endosperm 
is used up, the seedling is able to draw upon Ihc* 
air and soil for its food supply. 

Crossing Varieties of Wheat. As 
in the (^ase of otlier dom(^s(i(;att^d ])l!mt,s, a 
number of dilVeront varied ios or races of wheat 
have come into existence in tlu^ course of time 
[166-7]. It has been found possible to (toss 
these artificially by transferring the polkm of one 
variety to lh(; stigmas (d another, with re- 
markable results, for (be ears of some of the 
mongrel plants so produced arc of (extraordinary 
size [168 71]. Experiments of (bis kind, con- 
ducted on wheat and many other plants, have 
yielded valuable data ouw^hich to found theories 
of heredity, careful observations being made and 
I tabulated of the characters inlHu itetl from the 
; parents. Such experim(*iit.s aiv. not particularly 
aifficult to conduct in many cases, and arc. of 
^ great irnportaneo both srucntifically and e(T)- 
‘ nomically, [For .Retails s(;c Bioi-nav.] 'Flic 
' essence of the matter in the latbn* aspetd is that 
it appears to be possible to proeiucaj mongrel 
types which combine the desirable chara(;t<'r of 
’ tne parent forms, or it maylu? to(fiiminate those 
j which arc undesirable. This is but one of many 
.^e:|amplcs which illustrate the value of .science 

relation to industry, and lead to the con- 
;,j elusion that unless the Government of this 
ji country is prepared to endow scientific research 
to a much larger extent than has so far been the 
case, wo shall in the end be left far behind — 
ooramereially — by (u'nnany, the Unit(‘d vStaU's, 
and other countries wliich are fully alive to the 
vast importance of the matter. 


Sources of our Wheat Supply. In 

round numlxirs w^o may estimate the annual 
consumption of wheat in the United Kingdom 
at .30,000,000 quarters, of which only 0,000,000 
quarters are home-grown. Unfortunately, ow ing 
to extomal competition, the amount of British 
w'licat prodiK^ed has been rapidly declining since 
1870, and is continuing to do so, Avhich has nut 
only a disastrous effect in furthering the depopu- 
lation of our rural districts, hut makes us in- 
creasingly dc])end(.*nt on fiueign countries, 
especially the tlnitcHl States and Russia, for the 
most important item in our food-supply. Unfor- 
tunat(*ly, too, average British wheat compares 
unfavourably with fon'ign, for it contains a larg(‘r 
amount of moisture, and a smaller ])('rc(‘ntage of 
nitrogenous matter (gluten). 

Less than one-third (about 27 ])er cent.) of 
imported wheat and Hour is derived from Britisli 
poss(‘ssions, but, lii(‘kily, the proportion is on tb(‘ 
inerease, and wt» may hope to s(*e th(^ time wlieii 
the Empire is able to feed itself. Large (juantities 
are grown in the more tem])eraf(‘ ])arts of India, 
and in Australia, but it is mainly to ( anada 
that we must look as an increasing source 
of supy)ly. 

Canadian Wheat. 'Phe vast ])Iaiu of 
(Vntral Canada presents v(Ty large areas which 
jiri‘ eminently suitable for wheat-growling. The 
.soil is a stirt clay, w^hich not only alTords linn 
support to the roots, but is also very retentiv(‘ of 
moisture. And it is coveivd by an anciejit and 
very rich deposit of loam, wlncli serv(‘s as a sort, 
of natural manure. So much is t bis the case that . 
in some instances, the crop has Ix'cn continuously 
grown for from 20 to 30 years without tlu^ appli- 
cation of any artificial fertilisers. Of course, t1u‘ 
time w'ill ultimatedy come wIkti these will have 
to he appli(^d in all eas('s, but tluit time is not 
yet. 

The long summer days of ( Vinada an* exlnmely 
favourable to the ripening of grain, and their 
influence is enhanced by the south-west anti- 
trade winds, which, after blowing ()V(T the 
R(K‘kies, are w^irm and dry. Despih^ th(‘ dryness 
of these w inds, an abundant supply of moisture 
is available, for tlu* great cold of w'inter funows 
the ground w^ith deep eraeks, in which snow 
collects, being storc'd up, as it w^ere, in und(‘r- 
ground reservoirs. When this snow^ melts, it 
yields the recpiisite w^ater. 

It may bo add(‘d that tlui facilities for w’at(‘r- 
earriage to the Atlantic sea-board are unrivalled, 
nor are thor(5 great difliciilti(‘S in tlie way of 
raiWay constru(!ti(Ui. The Canadian farmer has, 
it ivS true, to (lonUmd with sumniiT frosts and 
floods, hut the former are successfully combated 
by lighting fires of damp straw (“ smudge-iires ”) 
to the north side of the crop on nights when frost 
is thniatoned. And it seems probable that an 
increase in the area of tillage will gradually more 
or less o))viate the danger of floods, by averaging 
the distribution of rainfall, and tree-planting 
may also do something in the same direction. 

I 
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158. Wheat- plant. 159-60. Details. 161-3. Wheat grains. 164. Seeti/»n f)f grain. 165. (jerininatiiig 
grain of wheat plant. 166. Talavera. 167. lied K miner. 168, liutulredfold i'«*<ligree. 169. Klourhall. 
170. llPd Stand-up Pedigree. 170a. White Stand-up Pedigree. 171. lliillett/ti Pedigree Wheat, 
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SHORING AND UNDERPINNING 

The Use and Construction of Raking^ and Flying Shores, and of 
Needles for Underpinning. Methods of Dealing with Dangerous Structures 


By Professor R. ELSEY SMITH 


CHORINCt consists in providing teniporary 
^ support to a huikling by means of a vsystom of 
wooden struts resting on solid ground or against 
another building. Tt, is employed in cases when' 
buildings show signs of failure dia* to sinking of 
the foundations, vibration of maehiiK'ry, or other 
causes, and demands much judgment and vi'ry 
great care in exeemtion. 

It is also used where a building which is 
attached to one or more other buildings is to bi^ 
taken down for rebuilding. Tn a row of hoiisi's 
— e.g., each one gives lateral support to its neigh- 
bours, and were a single house in a row removed 
there would bc^ gnail, liability of damagi* to the 
houses which arc on (uieh side, and are entitled 
to the support previously atTonh'd them, and 
shoring is enacted to givi* this support ti'inpor- 
arily until the reconstruction is completf*. 


A Typical Shoring Scheme, riie key 
plan [60J represents three, house's in%a Hik', of 
which th(^ 1 ‘entral one is in course of recM)n- 
struction, wliilo that on the hdt is to have 
the ground-floor taken out to insert a girdc'r and 
shop front. It illustrates tin* ]K)sitiou in which 
the various shores described hereafter ar(‘ used. 

Shores, as apjilied to walls constructed mainly 
of brick, are of two prineipal types. Ha king 
.sWcs| 58]are those om^ (md of which rests on the 
ground, while tlio other is inclined against the 
fat^e of the wall to be supported. Hlging t^hon>s 
[ 66 ] are those placed horizontally betw(‘en two 
buildings. In the caso of raking shores, if the 
building to be supported hi' a low one, a singk* 
strut may suffice, but in most casi's, where the 
buildings consist of several storeys, a sgstrm of 
shores must be used — two or more struts in the 
same plane, abutting against and steadying lh<; 
wall at different levels. Wherever possible, the 
head of each strut shijuld be arranged at or just 
below the level of a floor, where thii wall is 
stiffened internally and is best ahh^ to resist, 
external pressure. The object of shoring in the 
case of dangerous walls is not, as a rule, to force 
back into position a wall that is out of the per- 
pendicular, for any such attempt might result 
in disast(‘r, but to prevent any further movement 
of the wall till it can be dealt with in a permanent 
manner. 


Constructing a Shore. A shore is 
constructed as follows (61]. A wall-piece is 
placed vertically against the wall to ho supported, 
^is is usually of considerable length, 9 by 3 in. 
thick, and is held to the wall by holdfasts care- 
fully driven. Jf the wall be bulged or uneven, 
packing must be placed between it and the wall- 
piece to secure an even bearing against the wall. 
Where the head of the shore abuts [65], a 3 or 
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4 in. square hole is jwrforated through the piece, 
and a bat or half brick is removed from the face 
of the wall. A short timber, or needle is placed 
through tlie hole entering the wall where the bat 
is removed, and above it a block of wood, 
termed a eh tU, is spiked to the wall-piece, and 
thus a firm abutment for the head of the shore 
is formed. 

kor the foot of the shore [57] a stout timber 
is provided, termed the mle-piece. Jf the ground 
b(‘ good, it may ht‘ candiilly bedded upon it ; but 
if the ground he soft, a small ])lat.form of stout 
planks, or in some eases even of concrete, will 
be necesssary. Should a vault exist where the 
foot of the shoi'c(‘{)mcs, it must 1 m' supported with 
dead shores — lu'rcafter described — or, hi'tter, the 
shore must b(‘ taken through the vault to the 
solid ground. The sole-piece is not placed hori- 
zontally, nor is it perpendicular to the shore, but 
at an intciincdiate angle. 

'I'hc sol<'-))icc(‘ and wall-piece being in position, 
the sliori' itsi'lf i.s cut to the reijuireii length. 
'Fhe head is notclu'd to tit round the needle and 
])ievent any ])(^ssil)ility of lateral movement, and 
the underside is cut so as to rest against the wall- 
piece. 'riu' foot is also cut to a bevel to corre- 
spond with tb(‘ inclination of the sole-piece, and 
at the back of thc^ shore' a small notch is cut to 
allow of a crowbar being inserted. The shore is 
placed in ])osition, and if the wall be dangerous 
great care must be ex(*rcis(Hl to pnjvent any 
damage to the wall during this process. The 
foot rests on tlu^ sole-pic(!e with the head against 
the needh', at first loosely, but with the helj) of a 
crowbar the foot is gradually moved forward 
along the sole-piece until the notch is tight up 
against the needle. If it he nioviid beyond this, 
tlicre wdll be a tenden(;y for the lu'ad to lift the 
needle and damage the wall. When in position 
the foot is si^cured by dog-irons [54]. These arc 
bars of iron with ends bent at right angles and 
pointed. 4’hey may be driven into the foot and 
t he sole-piece, or a cleat may be fixed behind the 
foot. In the case of dangerous walls this 
method of fixing is better than tightening by 
wedges as less likely to disturb the brickwork. 
4410. shore is stilTened to resist transverse strain 
or buckling, by braces formed of boards placed 
oil either side and securely nailed to it at one 
end, and to the low'er part of the wall -piece at 
the other. 

A System of Shores. Where a system 
of two, three, or four struts — one above another 
-is employed, the method is similar [ 68 ]. The 
length of the wall -piece is increased to correspond 
with the lieight of the building, and the head of 
each shore is prepared as described, and has a 
needle provided for its abutment. Tlie feet are 
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brouglit close together on tlie soltspicco, and each 
shore in the system is of a different length and 
at a different angle. In such fi system, wh(‘n the 
shores are in position, a strip hoop-iron is 
wound tightly round near the foot and naih'd to 
the various timbers, binding them togf tluu*, and 
the braces extend from the wall -piece to th(‘ outer- 
most shore, and are nail(‘d to tla^ intcamediatt' 
ones. This occurs at two or three ])oints in tht* 
height in each ecusc*, starting from tlu' wall-pic'cc* 
just below tli(‘ head of ashore, (beat rigidity 
is thus sc'curc^d. 

Shoring High Buildings. With lofty 
buildings it may prove difficult to obtain 
timbers of sufficient huigth. for th(‘ outermost 
shore. In such a ease, when the last raking 
shore is fixed, another ])i<‘ce of timber is 
placed against the back of it, r(‘sting on 11i(‘ sol(‘- 
pieee. The top is cut to a bevel, and the foot of 
the shore ri'st-s on th(' top of this post, th(‘ head 
being harmed as usual. This is iernif'd a ridintj 
shorf, and cannot he lov(*r(*d into posit i(m, hut 
must be wedged with folding wc'dges of oak 
inserted Ix'twot'n the upf)er and lower parts (►f 
the shore, drivcai in from each side, care, being 
taken not to lift the rider mon* than is required 
just to tighten it. 

The numh(T of sueli systems rerpiin'd to steady 
any given wall will vary with the eireiimstanees, 
and in particular with the oomlition of tlu* wall 
itself, depending on whetlu'r th<‘ laickwork is 
sound and well eonstruet('d, or tending to 
disintegrate. 'Ibey should not. he mon' than 
12 or li) ft. aj)art, and may he much closer. If 
the wall is pi(‘i’e,ed with window’ opetiings, th<‘ 
shores systems must correspond with (lie piers 
hetwe(‘n them. 

Shoring is sometimes roephred in coni\(‘elion 
with the timbering of excavations. 'I'h(‘ lu)ri- 
/ontal struts used in wid<i excavations form 
practically Hying shores, which w ill he d(‘serihed 
later ; but an excavation may be too wide to 
allow of strutting (*aeh side from the opposite 
one. In such cases raking struts, or shores, 
must be provided to sustain th(' walling ])i(‘e<‘s, 
and they can often be used with greati'r ellii iency 
than in tlu‘ ease of a building, as it is fre 
(piontly possible to place tliein at a compara- 
tively low angle with tlw^ horizon. 

Work of the Shore. Th<» work require<l 
of a shore, or shore system, is to resist tin* 
teiid(*neyof a wall to fall outwards, by pressun? 
behind it, which is greatest w hen just suffiei(‘!\t 
to overturn the wall. This pressure, or force, 
acts perpendicularly to the wall through the 
head of the shore. It would he best n sisted by 
a strut also perpendicular to tlie w all; hut, except 
in the case of Hying shores, this cannot he 
provided. With a raking shore part of tlu^ force 
exerted is expended in holding up the wall 
vertically, and part only in resisting oyer- 
tiiming, the amount dcpt‘nding on the inelinji- 
tion of the shore to the horizon, the lateral 
resistance being greatest when the inclination 
is low. An angle of 40’' is uscfful, hut so 
low an angle is rarely praetieabk*, and angles 
from 00° to 75° with tin* horizon are vcjy 
usual. 


Formula of Forces in a Shore. The 

follow'ing formula^ may he used for calculating 
the fore(‘s acting upon a shore [61], * 

Q P 1 an , F P sin o f Q cos () 

Q the overt liming force, P the fona*. 
due to w'cight of wall above shore, P -- the 
resistance to eonqiression in tlie shore, W thc^ 
wadglit of wall, all in ew ts., t t}u‘ tliiekness of 
Avail at grojind in fec't, H llit^ luught of the 
hca.d of th(‘ shore from the ground in feet, 
() the angle of inclination between the shore 
and the horizon, and w the weight of tin* shore 
itself in ewts. 'Hie dimensions of the shore, 
wh(‘n P has hecui ealeulat(‘d, may he found 
by Pankine's or other formula* for timber 
struts. 

In a systi-m of shores it is sullieient to calculate 
the outermost shore, and to iist* timber of the 
saim* siz(‘ for all, and a huikh'r will usually 
(‘inploy limhc'i- in slock for this [uirpose even if 
of somt*what larger scantlings than n'cpiired. 

'rh(‘ numher and sizes of short's usually retjuired 
in eaeli svstt'in are : * 


tP'jelit 

of wall. 

1 N'uinlier 
• d shojcK ill 

Scant lings 
of t'acli slmre 



syslcTii. 

in MV stein 

15 ft. 

to 20 ft. 

k> 

5 in 

5 in. 

20 „ 

„ HO .. 


0 

' ti ,, 


„ H5 

H j 

7 

7 ,, 

.•p) 

10 


H,. 

H „ 

4t) „ 

„ 50 .. 

4 

!•.. 

H „ 

50 upwards 

! 

1 

12,. 

H „ 


H’he material list'd for sluirlng is usually fir, 
Dantzie bt'ing particularly suitabh* tin aeet)unt 
of its straight grain. For vt'iy long shores, 
liowevt'r, it may ht* diHieiilt to obtain this timber 
of .suHieient It'ogth.antl pint* is stunetimes used. 
Put this is more f*x]M‘iisive, and is therefore 
a\t)id('d, wht'n possible, for what is nuu'ely 
tt'rnporary work. Tht^ wt'dges Hht)ukl be t)f oak, 
as t)nering gri-ater rt'sistanet^ tt) compression 
than tir, anti tht* st)l(‘ piece may usefully bii of the 
.saint! material, Pare must be taken to see that 
all bearing surfaces are truly cut, so tiiatw’hen in 
posit it)n tiu'V w ill be in eontaet all over. 

Flying Shores. Fli/ini/, t)r horizontal 
shores |561 art! employed wherever a suitable 
abutment can bt! st‘(!iirt*ti above tht* ground 
level., H'hejr most eoininon use is when a 
houst* ht'tween twt) oth(!rs is temporarily taken 
down and the/ buildings on eaeli side rtitiuire 
mutual .siip()ort, hut they may he em|)loyod 
aero.ss a court or street in tht* ease of a dangerous 
building, with the (!onsmt of the owner of the 
opposite liuilding, Avho is, how’cvcr, at liberty 
to withhold it. 

Tlu! great advantage of a Hying shore is that 
the principal timber is placed per|)endieularly 
to the face of the wall, and therefore directly 
eoiinteraets the overturning force. 

♦ (\Hu<k‘Ti Stock. “ Stioriug and raderpinniug.” 
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Construction of a Flying Shore. 

Where a flying shore is used, a wall -piece is fixed 
against each wall as for a raking shore, the 
horizontal timhcr is fitted between the two 
plates, tlie ends carried on needles, and folding 
wedges are inserted between the end and one 
wall-])iece and (lriv(‘n in to tight(Mi it between 
the walls. In the simple form of flying shore 
straining pieces are placed above and below this 
beam at its centre*, from the end of the lower 
one, struts are inserted ('xtending dow’nward 
to the loAv<'r part of the wall-pieec?, the Inaids 
» abutting against needles as in an ordinary 
raking shore ; from tin* npper straining piece 
similar struts oxti'nd upwards. Th(‘se struts are 
all eiit as close as possible except f>ne of the 
upper pair, and hedw'cen the end of tliis strut and 
the straining-pi('ee folding \vedges are driven in 
until the principal timber is slightly deflected, 
all the struts are tightened, and the beam is 
rendered stifif. 

Such a beam with upper and low'cr struts 
will serve to strut a building at the level of three 
separate floors. If it be required to strut 
four floors, tw'o liorizontal lu^ams are used, 
and placed opposite the second and third floors 
to be strutted, and the straining pieces are fixed 
one below the lower beam and ime above the 
upper beam. Vertical posts aie [)laeed bidween 
these beams betwcjcn the (aids of the straining 
{)iecc;8, and the rakin'g struts are inserted and 
tightened, as already descrih(*d. If more than 
four floors recpiirc strutting two separate flying 
shores may be jilaeed vertically one above 
another, with a continuous wall-piece if iiossible. 

Shoring Walls of Unequal Height. 
A somewhat similar arrangeiiumt may be used 
where the buildings are not of e(iual height [52 J. 
The horizontal timber is plae(‘d at or near the 
top of the low'cr building, and the upper part of 
the talliT buihling is MUf)ported by raking struts 
from the o£)posite end of the beam iiLstead of 
from a straining piece. 

The horizontal timber must aUvays be in a 
single length, as if is subjected not merely to 
compression hut to cross-strain, and if fir 
timlKT cannot be obtairuKl of suflleient length 
for wide spans, pine may have to he employed. 

The sizes usually enijiloyed for flying shores 
when the liorizontal timber is placed at a height 
of about threcvfourth.s of the distance from 
the groiUKl to the top of the wall, and not more 
than from 10 to 15 ft. apart, are as follows. 
For spans uruh^r 15 ft., horizontal timber. 
0 in. X 4 in. ; raking struts, 4 in. x 4 in. ^ For 
spans hetw'cen 15 and ft., horizontal timber, 
t) in. X 0 in., up to 9 in. x 9 in. ; raking struts, 
from 6 in. x 4 in. to 9 in. x 4J in. 

Where flying shores are usi*d for supporting 
the flank w^all of a building, it is often desirable 
to steady the front and back-end of such a wall 
with raking shores. 

Underpinning. Underpinning in one 
form has been already dealt wdth, but the 
process described cannot ahvays be used. 
If the w'all to be dealt with is seriously out of 
perpendicular, or badly cracked, or if, for any 
other reason, it be desired to remove entirely 
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for a time the lower part of a wall without 
disturbing the superstructure, then a different 
course must be jiursued. 'Fhis consists in 
supporting the upper part of the wall by passing 
large horizontal timbers, termed needles, through 
holes formed in the wall, and supporting the 
two ends of the needle on verti(5al posts or 
(lerjd shores |59]. Those needles should not be 
more than 5 to 7 feet apart, and should always 
bt^ placed under a pier, not under an opening. 

Any ov(*rhanging piers or ehimney breasts will 
re(|iiire sju'cial attemtion and support ; wdierc 
the object is to insert a girder to carry the 
suporst rnetiire then needles must he placed 
above the level of the floor below wfliieh it is 
intended to insert the girchn*. For this work 
square timbers of large size are used, gen(‘rally 
about 12 in. square. Solid bearings for the 
feet of the dead shores must be provided, and 
may be formed of a timber sleeper or eill ; the 
shore at tlie joiner end of the needle must pass 
through the floor so as to support it directly. 
Folding wedges may be used between the foot 
of the shore and the sleeper to raise the needle, 
and pioss it tightly against tlie liriekwork it 
is to HU£)pnrt. Sen*w^-ja(‘ks, or hydraulic! jacks 
are sometimes us(‘d in prefi'rence to wedges. 

Shoring the Floor Joists. If the floor 
joists rest upon the wall to be dealt with they 
must be strutted by a series of smaller dead 
shores resting on a plate below, and Jiaving a 
head below the ceiling k^vel. Tliese must be 
w'cdged up to take the \V(‘ight (.>f the floor otf 
the wall, and jacks are specially useful in this 
work. Any upper floors, if (In'ro are nion! than 
one, should be* dealt with in the same w'ay, so 
that all possible w'eight is removed from th(^ 
wall itself. 

The main dead shores or those used uiidi^r 
the floor may be foniK'd in tw^) heights if there 
is a diflieulty in introducing tlie necessary large 
timbers in a single length into the building. In 
this ease an intermediate jilato or transom is 
introduced at about half the height, extending 
through all the needles parallel to the main 
plate and perfectly level, and the wedges may 
bi; introduced above this beam, 

Strutting Window Openings. The 
window openings in the up£)er part of the 
wall must also be strutted [53] with cross 
struts to prevent llio risk of their becoming 
distorted. If the wall is inscicure raking shores 
may l>o required to steady the upper part, but 
where a girder is being in.sorted in a sound wall 
these may, as a rule, be dispensed with. When 
all th(5 needles are in position, and care must 
be taken to see that they will not interfere 
with the work to be carried out, the wall may 
be taken dow n, leaving the upper part supported 
by the needles and shores. If the wall is to be 
rebuilt, this can be taken in hand as a whole ; 
or, if a girder is to bo inserted, piers may be 
built to carry the ends of it, or stanchions, or 
wooden storey -posts inserted. As soon as the 
piers, or stanchions, are ready, the girder is put 
into position, and is then usually covered with 
slabs of stone from 3 in. to 0 in. thick, called 
cover stones [see Bricklaying], the full width 
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of the wall, and upon this brickwork is built in 
cement under the lengths of wall between the 
needles, and the new brickwork is pinned up 
tight under the old. If possi ble, the levels should 
be adjusted so as to allow of an exact number 
of brick courses being used, but if this is not 
possible the necessary thickness may be made 
up with hard slates or tiles set in cement. 

Striking Underpinning and Shoring. 
Seven days are usually allowed for setting, 
then the needles are gradually eased by 
loosening the w^edges or lowering the jacks, 
so that the wall takes its bearing on the girder. 
They are afterwards removed, and the holes 
occupied by them mad(^ good like the other 
parts wdth brickwork in cemuint 

When this also is set the window' struts may 
be taken out, and the dead shores supporting 
the floors, beginning, of course, with the upper- 
most floor, which will again take its bearing 
on the wall. Then in succession, at intervals 
of a day or tw'O, the struts supporting the 
lower floors are removed successively, 
and they in turn take their bearing on 
the wall ; last ly, when the new wall or 
girder has received its complete load, 
and no signs of failure or settlement 
are observable, the raking shores, if 
they have been used, are first eased 
and then struck. 

Shoring Masonry Walls. In 

the case of w^alls constructed of, or 
faced with stone, the method of 
applying the struts will often vary 
from that described. In th(^ am) of 
rubble walls built wdth a fair face l.s(*e 
Masonry] and of small stones, shores 
similar to those described may 
be employed ; but with walls 
built of larger stones, in- 
cluding ashlar [see Maso^^uy], 
the wall-piece is often omit- 
ted. The small w ooden needle 
which fits into the space 
occupied by removing a half 
brick is . not suitabh; when; a 
large stone has to bo cut out 
In this case a 
header of hard 
stone is inserted 
and allow'cd to pro- 
ject beyond the face 
of the wall, and 
beneath it a piece of 
oak is placed, to 
forma seating t(j receive the head of the shore. 

Occasionally when great strength is required 
at some point in a wall, two systems of shores 
may usefully be employed close together; in 
such a case the systems are advantageously 
arranged not parallel to each other in vertical 
planeo, but converging so that where the 
struts impinge upon the wall they are close 
together, while the feet and the sole pieces they 
rest in are wider apart, «nd if two such 8ysU*m8 
are well braced laterally, great strength and 
stiffness is secured. 
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Shoring Ruinous and Dangerous 
Structures. The method of dealing with 
ruinous and dangerous buildings will vary 
greatly with the nature of the structure and the 
ext(;nt and nature of the failure or damage. 
This is liable to so much variation that nothing 
but very general particulars ean be given. 
The first essential is to steady and uphold the 
building to prevent its (;ollapse. For this 
piirp(»sc rakitig or flying shores are usually 
employed. When the building has been tem- 
porarily secured, needling may lake place to 
enahk; defective foundations or lengths of 
walling to be removed and reconstructed. 

P In the case of buildings supported on a 
^ row of detached pi(‘rs or arches, in case of 
the failure and cracking of a pier, it may 
Hufticc to uj)hold the capital of the column 
by means of a strong frame of timber 
placed round it and strutted up from a 
secure })ase ; but in other oa8(‘s it may 
he nee(‘ssaiy to sliore up the tw o openings 
on each side of it iqxm a strongly-framed 
centre, siicli as is used for eon- 
Q^structing an arch, and which will 
be described later. 

Old Buildings. In all eases in 
which old buildings napiire to be 
d(‘aU with, it is very necessary that 
tht‘v should h(‘ (‘arcfully examined, 
and tiu* ('ouditioFi of the materials 
arid si riicliii'(‘ ascertained, not ntorely 
on the surfacF' of tlu.‘ wall, but in 
its heart. In many media'val build- 
ings walls are found eonstrueted 
with a <‘()mparativelv thin (;xt.ernal 
skin of good masonry, whih* tlie 
liearl of tlu; w'all is formed of 
rubble or eonende ; if the lime used 
in forming the concrete w'as not 
originally of good (piality this may 
have di^’integi’ati^d. In such eases 
it is im possi })le to emjrloy needling 
iml(\ss the core can be first rendered 
solid by the introduction of grout- 
ing [see Bricklayer]. It will 
usually be necessary to compute 
carefully tlu; weight of the old 
building or the part of it which is 
to bo dealt with ; this is particularly 
necessary where any building of 
conHidera})le hciglit such as a tower 
has to bo upheld, as the loads to be 
supported may be considerable. In 
such a position, too, there is often 
very considerable difliculty in finding adequate 
room for the necessary supports without seriously 
encroaching on the working space and rendering 
the work of reconstructing those parts of the 
structure that have to be reinstated extremely 
awkward and difficult. With structures of great 
height and weight the work may sometimes be 
quit-e as economically done by taking down and 
reinustating the work as by shoring and under- 
pinning it ; other considerations than cost may 
however render the latter course the better one. 

Continued 
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'T’Hl'S aro the inflividual full piils(*.4 of tho 
various ineasuiTs uiarkod out. We- liavo 
noxt to c‘oiisid(T how the piilsc's tluuiisolvos a.ro 
(livifJod and oxtendod. I loro, a^:jairi, tlio saino 
siiii})lo nuunis are adopt('d ; for all tiuu' divisions 
and oxtonsiuns whatsovau* aro indioal(‘d hy just 
thrcH" symbols — the dot, tlio oomnia, and tho 
dash. A pulse is dividod into halves hy plaoing 
a dot in tho middle of it ; into ((uartors hy a 
ooiiima in tin' mi(hllo of each half (for you must 
show th(‘ half divisi<jn iirst) ; and into thirds 
(“ tri[)lots ” is th(‘ Staff term) hy two inverted 
ooinmas. When a note is to h(‘ oontinuod from 
fuio pidse into the ru'xt, tho oontinuation is 
indioat<‘d hy a hori/oiital lino (or dash). A 
little illustration may ho made to inoludi' all 
thos(* time forms : 

jd :n .s Id :r.njf :s,f.n,f|s 
In Is ; : I ’• 'I 

'riu^ first measure introduees hah os. thes(‘eond 
measure (piartius and thirds, and tht* last two 
im'asuros show eontirnied notes. Of eourse tho 
oontinuation mark does not m'oessarily ^o always 
throuj<h a full ])idst‘. 'I'hus w(‘ may write : 

;d : .d In : .r |s : .f,nlr :d 'j 

wliei’o the continuation is for only a half‘j)\dso. 
Similarly, a oontinuation may he carried into a 
third of a pulse, as horii : 

id : I ^s,f:ar»n:s : I Xr:d !| 

I I . . . ‘ 

'riuu'e are, a^j^ain, other forms of (juarter division 
of th(‘ pulse besides the four notes of e(pial length. 
A pulse may, for example, contain a half pulse 
note and two (piarter notes, as here, wIu'H; at a 
the half-])ulse comes first, whih' at b the two 
(uiarters (‘ome first : 

{«) (i>) 

Id .s :n .r,nls .f :n,r.d | 

AnotluT very common time division is shown 
in the following illustration, whore wo have a 
succession of puls(*s, (aich containing a three* 
(pjart(‘r and a one-(iuarter note : 

Id .,r :n .,f is .,f:n „r :n .,s:f .,r Id !; 

I 111" 

This time-form is frequently met with in 
marclu's and other music, of a hold and swinging 
character. 

In advaTKJOcl classical music many curious and 
minut/O subdivisions will he met with, the time 
notation of which— from what he has alrciuly 
learnt— the student will, as a rule, readily under- 
stand from the context. Special note should, 
however, be made of the way in which sixths, 
eighths, and ninths are written. The following 
illustration is taken from the authorised “ Tunic 


Sol fa Tina* t^hart,'’ which the earn<‘st student of 
the notation should always keep l)t‘sitle him for 
refer(‘ne<' : 


fJijhfhs 

Sixths [Three Accents) 

:1 1 a 1 .1 1 ,1 1 

:1 1 .1 1 .1 1 

X i 71 ths 

Sixthu {Til'll Ai rents) 

:i i 1 a 1 1 a 1 1 

:1 i 1 .1 i 1 


Rests in 'tonie Sol-fa are not indicated by 
eharaiders, as iji tlu* Staff. The ])ulsc, or part of 
a pulse, is sim])ly left cm})ty ; there is nothing 
in it to sing, d'luis, at a th(U(‘ is a full pulse 
rest at tlu' (ud of th(‘ mt'anuri^ ; at h a similar 
rest at the heginning of the measun* : 

{f>) w 

|d .t, :d |r : ' j :d .t, |d .r :n |j 

Rests may b(‘ of any lenglli, lofjg or short. A 
half-pulse rest is indicated hy a Idank space on 
one or other suh* of the dividing dot. Thus, in 
th(‘ first half if will appear as 

: .1 1 .1 : .1 jl 

in tlu' second half as 

|1 .1 :1 . |1 .1 :1 . [[ 

Quarter rests are just as ri‘adily indicated to 
the eye. For i‘x am ])!(', we see at once that 
here 

: ,1 .1 ,1 I ,1 .1 ,1 

lh(‘ first <piarter is silent, while hero 

:1 ,1 .1 , II ,1 .1 , 

the silence is in the last (juarttT. Silent thirds 
may appear at liist to he less clear. The 

following are the forms more generally met 

with : 

First Third Silent : *1 *1 

Second Third Silent .. .. :1 » 

Third Third Silent :1 J t 

Secamd and Third Thirds Silent ;1 * ( 

'I'he whole matter of time-notation may seem, 
on first ae({uaintanee, a little puzzling to the 
student. It is ecutainly much more original 
and novel than th(^ notation of tunc. Rut it is 
founded on a skilfully (ameeived and well 
thouglit out system, and th(^ singer wull soon 
discover that there is less difficulty in theoreti- 
cally understanding the various subdivisions of 
the "pulse tlian in giving practi(;al (‘ffeet to tliem 
by his voice. 

One very important point has to he noted 
.about tho writing of Sol-fa time-notation. It 
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was a point upon which Mr. Chirwen laid great 
stress, and it is this, that each pulse in the same 
lino of music must occupy exactly the same 
lateral space. Mr. (hirwcn would illustrate his 
meaning l)y showing how in the Staff notation 
this rule is disregarded, as, for example : 



Here the measures and pulses fill very different 
spaces, according to the number of notes they 
contain. In Tonic Sol-fa they must he made 
equal, as thus : 

|8 : Is |s : | - : j 

|s .8 :8 .8 Is :8 |8 - I : jj 

The pulses, to quote Mr. Curwen once more, 
are “ measured out, like the in(!hes on a yard 
measure, and the eye rapidly values llic length. 
An experienced Sol-fa ist keeps time by judging 
the distance between the notes, only stopping 
occasionally to look at the accent marks ; and 
when through bad printing the pulses are 
unequal, he is complet(‘ly put out.” In writing 
Tonic Sol-fa, then, see that the accent marks 
are equidistant, and that, moreover, the 
medium accent and the weak a(H*ent an? of a 
size with the notes. 'Jhe strong accent should 
be at least double the length of the medium. 
Hero is a bad but common specimen of Sol-fa 
manuscript : 

Id . n / r . d .n| s • 1 i t. 1 . s i 

Should be written: 

|d :n |r :d .n |s :I |t .1 :s | 

Practically, the Tonic Sol-fa notation is a 
notation which gives visual expression to tunc 
and time. It sets down the notes of the scale 
in its own peculiar way, and it indicates tin? 
lengths of the notes, also in its peculiar way. 
Beyond that, it may be said to eorr('Sf)ond with 
the Staff. Its signs for staccato and legato, for 
example, are the same. Thus, when a note has 
to be struck in a short, disconnected manner, it 
is marked above with a dot. If the staccato 
is to be crisp- very pronounced— a dash is 
used : in both eases just as in the Staff. 
“ Holds,” again, are common to both notations. 
The sign ^ is familiar. It means that the note 
is to be ” held ” or prolonged at the will of the 
performer. Thus, a three-pulse Doh with a 
hold over it might be mad(! to occupy the time 
of five pulses. The hold is of the nature of a 
rhythmical licence. R(‘petitions, again, are 
indicated, as in the Staff, by the use of “ Da 
Capo,” or “ D.C.,” meaning “ return to the 
lieginning,” etc. Tn everything that relates to 
the expression of the music, to its manner of 
rendering as regards force and intensity, soft 
and loud, fast and slow, etc., the two notations 
make use of common terms. It would thus bo 
superfluous to repeat the information given 
under this head in the Staff notation papers, 
which the Tonic Sol-fa student may consult 
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with profit to himself. He will find in the glos- 
sary in part 1, page 42, a list of all the 
musical terras generally used for the direction 
of singer or player. 

'fhero is just one variation to be noted in this 
connection. In the Sol-fa notation the sign for 
the slur takes rather a different form from that 
u.scd in the Staff. In the Staff, wdicri tw^o or 
more notes arc to be sung to one .syllable, a 
curved line is drawn over them. In Sol-fa, the 
})lan is to draw a straight lint? under. So long as 
the line eont innes, only one wH)rd, or one syllable, 
as the case may be, is to bo sung. Thus : 

.S| |d :d |d,r.n,f:s .d |r :r .n,f|n 

When Hri - tain flrat at heav’n’s com - maud. 

In the Tonic Sol -hi no at ion there are no signs 
of phrasing, as in the 8 aff. 

When a change of key occurs there is never 
any doubt about it in the Sol-fa notation. Let 
it be promised that Sol-faists distinguish very 
sharply between transition and modulation. 
“ Modulation,” says the Staff theorist, “ is the 
passing from one key to another.” The term 
transition, he admits. “ is also used, though 
principally to designate very brief modulations 
to keys not dwelt in.” 'Phe Snl-faist, on the 
contrary, makes transition nd’er to all changes 
of key Avhatsoever, transient or of Itmgtliened 
duration ; while the t(‘rm modulation he eouHnes 
strictly to a change of mode — from major to 
minor, or vice versa. We will tak(' transition 
first, the passing for the time being into a new' 
key, where the old governing l>ofi gives up its 
place to a nenv .Doh founded on a (“(“i tain nob* of 
the old key. Ikffore cxpl.airiing how the nota- 
tion (?xpresse8 this, we luid Ix^ttcr clearly under- 
stand the nature of transition itself. 

In a very short composition -a four-lim? hymn 
turn?, for example — the compos(‘r may f(*el quite 
satisfi(?d to remain in th(? one ke^y throughout, 
though even in the shortest compositions 
transitions arc often found. In a longer work 
the ear of the listtmer ghxdly w'eleoines, if it doL?s 
not actually demand, a shifting of the Doh on to 
some other sound than that with which tlu? piece 
began. In evt?ry instrument, as Mr. CurwTn 
puts it, there is only a certain limited range of 
sounds at the composer’s command, and he 
se(?ks to approach these from every point of 
view, to clothe them in every colour, and to 
make his changes as pleasantly striking as 
possible. Mr. Curwen insists that the pupil 
must be made, first of all, to fed the need of transi- 
tion. This is easily possible by directing his 
attention to certain melodic factors of transition 
in which Te and Fah, the distinguishing notes of 
yie scale, play the chief part. Look at this 
little bit of tune : 

:d |n :-.n|r :d |f :f |n :r | 

|n :s |8 . :f |b |— || 

Does not the ear instinctively feel that some- 
thing is wrong about the next last note ? The 
ear wants the Fah to be a “ leading note ” to 
Soh — feels, in short, that the Fah ought to be 
raised a semitone, so that these two notes shall 
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sound like a now Te Doh. If we take it thus, 
thonwe have a simple transition where theiSfo^ of 
the old key is turned into the 'Doh of the now key. 

This is the eommonest of all transitions. 
Next in frequency is the transition which makes 
the old Fah into the 
new Doh. The one is 
called the first sharp 
remove ; the other, the 
first fiat remove. The 
evolution of the process 
may be shovvTi by taking 
our old JVh^dulator for a 
centre, and writing a 
couple of little modu- 
lators by its side, the 
one having its Doh 
opposite the of the 
centre modulator, the 
other having its Doh 
opposite the Fah. 

Here we see at once an 
explanation of the terms 
“ first sharp ” and “ first 
flat ’ ^ remove. When the 
old Soh becomes tlie 
new Dolly the old Fah 
has to be sharpened 
(raised a “ little step ”) 
in order to create a new 
Te. Similarly, when a 
Doh is set against the old 
Fully the old Te has to 
be flattened (lowered a 
“ little step ”), that the 
new Fah may come 
rigidly into place. 

So much for what may 
bo called the theory of 
transition. We are now 
pr^qmred for an exf)lana- 
titm of how transition is 
written. It is an ex- 
ceedingly simple matter. 

Wlien the transition is 
very short indtjcd, the 
new tone is written as a (Uiromatic nole — /c, tOy 
etc., as the case may be. Thus, the last six 
notes of the above ilhistration might be written: 

:r |n :s Is :fe |s ; I- |j 

But even here, and at any raU^ in the case of 
all Itmgthened transitions, the “ better method ” 
is adopted of writing in the new' key. The 
passing over into this new key is indicated by 
moans of what is called, very appropriately, 
a “ bridge- tone.” A small note indicates the 
old key and the usual size of note the. new. 
Thus, if the old >Soh or the old Fah is to become 
the new Dohy the notation will show it in this 
way : » d ^ d 

Our previous illustration would therefore be 
written as follows : 

Key F. Key C.t. 

:d jn : .n |r :d if :f |n :*'s | 

jl :d' Id' :t !d' || 


The indication “ Key C ” shows the new key 
which is entered, and the “ t ” following it points 
out the name of the new sound not in the 
old key which it is necessary to ini reduce. 
Similarly, if we pass from the key of F to 
that of 13 flat, as here : 

KeyF. f.KeyBJ?. 

:d |r :n |f :1 js : - I- j 

|f :n Ir :d |t, 1 - F 

the “ f ” at the left side of the new key name 
show’s that Fah is the sound that was not in the 
old key. This j>ointing out of the new lone is 
entirely for the guidanct^ of the singer's ear. 
And, indeed, in the lett(*r notation, it is the 
singer's convenience that is consulted first. 
Thus, at the return to the former key, the 
bridge-tone is always placed at the point whore 
it can most readily assist the singer, whether 
that corresponds wdth the actual theoretical 
change or not. 

It is hardly necess.ary to say that transition 
is not ahvays made to a key of one “ remove ” 
from the j)revailing k(‘y. This fact the student 
can bring liome to himself by constructing a 
modulator, not with one olluT modulator on 
each side, but with six or sevi^n modulators on 
each side, each modulator in its turn taking the 
previous modulator’s Soh or Fah and placing a 
J)oh opposite it. Thus, having set down one 
modulator on the right side of tlu^ e(*ntre modu- 
lator by ])lacing its Doh opposite the old Sohy he 
can d«‘al similarly with the second jnodulator 
by placing a Fah opposite its Dohy and so 
creating a third modulator. A like process can 
be adopted for the left sid(‘. Each new modu- 
lator will repi’csent a new’ key with a ntiw tone 
not found in llu^ modulator that pri'cedod it. 
Well, w’o often come upon transitions in which 
the intermediate keys (modulators, let us say) 
are skip])ed over, so that the new key may 
rofjiiire, not one, but tluee or four new’ scale- 
notes. A singl(‘ example, of this will suHicc : 

Key C. s.d.f.Key 

id': It : .d'ld' : | :‘^T|1 : |t : -jd'ete. 

Here is a transition W’hieh passes over two 
keys. 'I’lic original key. observe, is (1. Thus, 
to reach E ilat, mv. have to skip altogetlier the 
intermediate keys of F and B flat. More 
distant “ removes ” are much nsed in modern 
music, where the tonality has of((?n a tendency 
to eonfinual shifting. 

Now w’(5 are in a position to take up the 
subject of modulation. Most people wlio know' 
anything at all abo\it music know that tluwe is 
some distinction between the so-called major 
and minor modes. Briefly, a “ mode ” arises 
from the prominent use of one particular note 
in a composition. Thus, if a ])ieec begins and 
ends with Doh, and all through has J)oh as a 
sort of central j)ivot, it is said to he in the 
Major Mode. If, on the other han<l, it takes 
Lah for its dominating note, it is said to be in 
the Minor Mode. The distinctive terms Major 
and Minor are derived in each case from the 
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third above llio dominating factor. The third 
above Doh (me) is Major, hence the mode which 
recognises Doh as its “ governor ” is a Major 
Mode. In the samci way, the TmIi mode is a 
Minor Mode, because the third above Lah (doh) 
is a minor third. 

Formerly, they used to have modes founded 
on every not(' of the scab' : national folk-songs 
still survive in the Ran and Soft modes. Ihit 
in mod(U*u music only two modes — the Major 
Mode of Doh and the Minor Mode* of Lnh — are 
recognised. The old mim)r mode of Lah was 
simply tlu^. unaltered scale founded on that 
note : 

1, ti d r n f s 1 

Thus, we hav(^ the Scottish air Jolni Ander- 
son, my do ” ending in this way : 

:li I nil :1| j 1| :si j 1| : ~ jj 

But the modern Lah mod(‘ is ditTerent. It is 
partly a concession to the exigenci(‘S of harmony, 
partly a coiK^cssion to the mod(‘rn ear, which 
had got so accustomed to tlu^ prevailing major 
mode, with its half-tone (tf) Ixdow the key-note, 
that it did not take kindly to a mode with a 
whole tone (.so/i) below its key-note. Hence, tin* 
soh was sharperuHl so as to make it a semitonic^ 
leading-note to Lah. The result was : 

1, ti d r n f se 1 

the se taking the of the old soh. But here 

a new difliculty pn'sented itself, dhe leap from 
Fah to Se — a tone* and a half - is by no m(‘ans 
an agreeable ])rogr(‘ssion ,* and so tlu' Fah is 
often raised to make a smoother nudodic intcTval. 
What shall we call this sharpened Fah / It will 
not do to call it /e, for fe suggests the tirst sharj) 
key. So, in Sol-fa it is ealled ha (pronouneed 
haij)f and to save space is oec'.asionally eon- 
tracted to b. It is a note artili<!ially introduced, 
remember, having no existence exeejd in eon- 
ncctioii with Se. in the minor mode, d’he tinal 
result, then, is this : 

li ti d r n ba se 1 

There are thus three forms of the minor 
scale ; two of them diatonic (moving by tones 
and half-tones), but ditfering as to the place 
of the semitones ; the third ehromatie - that 
is, introducing chromatic intervals and con- 
taining thriH' semitones. 

The Sol-faist takes a very different view' of 
the minor mode fn^m the Staff notationist. 
The latter regards the minor mode as an inde- 
pendent, though “ relative,” scale ; the Sbl- 
faist, on the contrary, regards it as merely 
another form of the major scale —a “mode” 
of using the scale of Doh. Thus, while the 
Staff notationist speaks of the separate keys 
of C major and A minor, the Sol-faist looks 
upon them as practically one key ; A minor, 
in his view, being merely a “ mode ” of major. 
Hence, in giving the pitch-note of the key, 
the Sol-faist alw'ays places Doh first; so that 
when the Staff notationist says “A minor,” 
the Sol-faist says “ Key C, Lah is A.” In short, 
the Sol-faist gives flie ])it(‘li of both Doh and 
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Lah. To a Iwginncr, the whole subject of the 
minor scale or mode presents very considerable 
difl[i(‘ulties ; in Sol-fa the difficulties are perhaps 
rather less than in the Staff. In either case they 
an? theoretical rather than practical. 

M(?ntion has ho(?n made of “ chromatics.” 
These arc practically the equivalents of the 
accidental sharps and flats of the Staff. Com- 
posers, says Mr. Cur won, often use? an effect 
whieli is derived from the pleasure that th(? 
ear tak(‘S in transition, 'rbey introduce a fe or 
ta, or som(‘ otluu' note which leads us to expect 
a transition, and instead of changing the key, 
they contradict their intention and remain in 
the original k(‘y. If fe is the now tone in a 
“sharp" transition, it is manifest that if fah 
follows it immediately tin; old key is reaffirmed, 
and fe blotted out. So when ta is tlie distinguish- 
ing note, if we pass on to te we reassert the old 
key. This treatment is called “ chromatic,” 
to distinguish it from “ transitional,” though 
it must l)(*. obs(‘rved tluit there are ehromaties 
wliieh tlo not necessarily even suggest a change 
of k(‘y. 

In the Sol-fa notation the names for the 
sluirp(‘n(“d and flattened notes of the scale are 
shown luae, first in ascending, and then in 
descending : 

d de r re n f fe s se 1 le t d' 

d' t ta 1 la s fe f n na r ra d 

It is n(‘(*essarv, of course, to write these 

ehromatie notes in full, so as to distinguish 
tliein from the corn'sponding diaUmie nob*. 

'rinis far we hav<‘ dealt with Tonic? Sol-fa 
chiefly as a notation. But it is mueb more 
than that. Sol-fa has a rnethod of teaching 

whic'h is, in sc'Vtu'al respc'cts, pi'culiar to itself. 
For instance, great stress is laid on the numtal 
or emotional effects of tlu' individual notes of 
the scale. Doh is reeognis(‘d as firm and bold ; 
S<di as bright and truTnj)et-lik(* ; Me as (;alni and 
restful ; Lah as sorrow ful and wailing ; Fah as 
desolate and aw^e-inspiring ; Ray as rousing;* 
and Te lus shrill and piercing. Creat pains are 
taken by S«)l-fa instructors to impress these 
c'motirjnal (dfects on tlu* minds of pupils, and 
prai'tieal experiment is evei’y day ])r()ving that 
their recognition is a very great help to the 
correct singing of the notes. Of course, the 
(‘fleets described apply strictly only when the 
note.s of fhe scale are sung or })lay(*d slowly. 

A quickly moving rhythm and certain forms 
of ac(!()mj)anying harmony may each greatly 
modify the individual effects. Thus, the minor 
mode, which sounds sad and solemn in a measured 
movciinent, may b(? made to sound quaint atid 
jovial wlien sung rapidly. 

Out of those mental effecte may be said to 
arise another special feature of Sol-fa teaching — 
namely, the use of manual signs for the various 
notes of the scale. Thus, every manual sign 
endeavours to suggest the emotional charac- 
t(?riatie of the tone for which it stands. The 
clenched fist typifies the firmness of Doh ; 
the restfulness of Me. is indicated by the fiat 
palm ; the rousing character of Ray by the raised 
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palm ; ami sc» on. 'Phcsc sij^ns, which wc h(‘iv 
roproduce hy permission of .Messrs, (’iiruen 
&, Sons, are mneh nsi^d in popiilar classes, 
either when the teaclier desires to remind his 
pupils of th(‘ mental (dlects just descriht'd, or 
in voice exercises, when it is d(*sirahle that the 
singi'r's attention should not he distrael<‘d hy 
having to look jit hook or modulator. A system 
of manual time-signs is much less used. 

A third feature of Sol-fa teaching is the 
6(‘})arah' study of tune and lime, d'um* is 
taught tirst from the modulator, and then lirm* 
is taught by itself, largely by means of a set of 
‘‘ tiiiK'-names,” the improved invention of a 
Frenchman, M. Aime Paris. T( would occupy 
a gr(‘at deal of spaet* to give a eomplett* list of 
thes(^ time-names, with tlu' corr(‘sponding nota- 
tion. The following illustration introducc's the. 
rhythmical forms most fn'cpiently met with: 


|d 

:n js : - 

Is .n :1 .d'i 

1 T.w; 

T.III i 'I’-ui • ft-i 

It.i.-iThI T.uiTail 

In 

: .f r 

:d,t|.d,r|n 

1 Tail 

- liiL l.li 1 T,l.l 

til l.l Ir fi* I T.l.l 

Is 

:n |d\s.n 

:d,n.s id 

I Tiwv 

T.i.i 1 'I'.i fa Till 

til f.i T.ii ! Tii-i 


In applying these names to his early t*xereises, 
the Sol-fa pupil sings them on one tone till he 
has mastered the time, and only then does he 
try to combine the time with the tune. The 
value of the method for beginners is obvious. 
It gives them a confidence which they could not 
possibly acquire so soon in any other w^ay. 


Much more, might he said about the Sol-fa 
method of teaching if on(‘ liad “ ample room 
and verge enough.’' Mr. Purwen has admirably 
suiiirtK'd it up in a f(‘w words: “To let the easy 
come before the ditlicult ; to introduce the real 
and eonerett' before the ideal or abstract'; to 
teach the elemental before the e.oinpoimd, and 
do one thing at a time ; to introduce, both for 
explanation a\id praetioe, the common hefon^ 
the uneornmon : to teach the tlung Ix'fore the 
sign, and wlu’n tlje thing is apprehended atU^'h 
to it a distinct sign ; to let each step, as far 
as possible, risii out of tliat whieh goes before, 
and lead up to that whicli eomes after ; and 
lastly, to call in the uiulei-standing to assist 
the skill at every step." 'Plu^st! ])rineipl<'s find 
tljeir most exhaustive ex|)lanation in “The 
T(‘aeber's Manual of the dYmie. Sol-fa Method.” 

In studying harmony [see Theory ofMitskj] 
thi‘ Sol-faist us('s a chord-naming notation of 
his own. In the StalT the chords are indicated 
hy a system of figured hassc's. In Sol-fa the 
noiiKmclatun^ corr(‘sponds in siinplieity with 
the* notation of tune. Kaeh chord of the scale 
named by its Sol-fa initial l(‘tter, ])rinted as 
ca[Htal, as here' : 


n r d 
s t 1 
d s f 
d s f 
D S F 


r n 

1 1 

f d 

r 1 

R L etc. 


In the minor mode tli(‘. chord capitals arc 
])hnttHl in italics. Phords in tlmir direct form — 
liiat is, with tlu‘ root in the bass, are said to be 
in the a position, but in the noinenelatun; the 
a is ahvays omitted. The furtlnu* positions 
(inversions) are indicated hy th(' lettei's />, r, </, 
etc. , as tin se may he. Thus : 


d n S 1* 

8 s r t 


d d 8 s 


n 8 t r 

l)h l)r . SI) Sr etc. 


minor dominant eliord- n, se» n» t-- 
is known as «®1VI. Wln'n a seventh, a ninth, or 
a fourth is added to a chord (riunember that a 
common chord consists of root, third and fifth), 
the fact is indicated hy a little tigure at the 
Uf>j)er left-hand side of the ehord-name. : 

sS’ ••'N et(;. 


Passing notes, again, are. indicated by an italic 
p printed iindiu* the chord-name — p only when 
llie passing note is dissonant, rp when consonant. 

Such are the general ])rin(‘iplt‘8 of the Sol-fa 
notation and nu'thod of beaching. For minute 
d(*tails it is nc'ci'ssary to consult the* published 
manuals and treatises of the Tonic Sol-fa Press, 
in particular “The Standard (^ours(j of Ix'ssons 
ami Exercises in the Tonic Sol-fa Method of 
Teae.hing. Music;.” The Staff notation musician 
who d(^sires to study the notation in (‘ornparison 
with and from the special point of vi(;w^ of his 
own notation snould see “Tonic Sol-fa,” by .John 
Curwen, in Novello’s “ Music Primers ” series. 


Tonic Sohfa Conchuied 
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50 per cent, profit. He has usually to allow 
fair discounts to the purchaser, up to 20 pt^r 
cent. Still, the protits possible are good. 
When drapers take up and push the department 
they usually play havoc with profits of more 
legitimate traders in their neighbourhood, 
but very frequently the draper sells only very 
cheap stuff, leaving the better trade to otliers. 

A fair proportion of the trade in baby carriages 
is a cash trade, yet payment by instalments is 
becoming every year more common. But the 
trade wist^ly refuses to admit purchasers of 
low-priced goods to the advantages of gradual 
payments, for the simple reason that such goods 
might be worn out before full payment had 
been made, h^ill list prices, bearing the profit 
of 50 per cent., should bo secured on all instal- 
ment business, and even so it docs not pay 
exceedingly well. It demands the careful 
watching of each individual account. 

Other Departments. A natural branch 
of a baby-carriage department is the selling 
of baby-chairs. There is always a steady 
demand for those of the three position type, of 
which Plant's patent was the pioneer. They 

{ deld profits similar to baby-carriagcs. Rocking- 
lorsps and children’s toys arc also frequently 
added, and should alw'ays be so if baby-carriages 
be tlio main department, as toys form a good 
winter trade, es]DCcially at Christmas-time. 
Bath -chairs also usually fall to the baby -carriage 
dealer, but tlieir sale is exceedingly limiU^d, 
excc})t in watcring-jilacos, and it may be well to 
avoid stock. 

Selling. '1 ’he dealer who makes bahy- 
carriages a promini’iit department should strain 
ev(‘ry effort to be looked upon in his neiglibour- 
hoorl as the leading man for sucli goods. The 
trade is particularly susceptible to influence 
by advertisement in the local newspapers. We 
have known excellent results attained by the 
practice of posting a neat price list and circular 
(o the addresses given in the birth columns of 
tlic local press. 

Repairing. 1’lie repairing of baby- 
carriages is not- an extensive trade, but it is 
exceedingly remunerative. The stock necessary 
for its ])ros(icution is not large — an assortment 
of indiarubber tyres, a few brass axle-eaps, 
and some handles, being almost all that is 
necessary. Tyro-fitting pays well. The rubber 
tyres may cost not more than lOd. per pound, 
and a charge of 5 r. or 6s. for fitting four wheels 
with new tyres will sliow a profit of half the 
price, even allowing for the labour of fixing. 
A new form of tyro with a wire centre lias the 
double advantage that it is bought in coil, 
so that an assortment of sizes need not be kept, 
also that it may be fixed without heat, thus 
avoiding injury to the painted rinia. Wlicn 
.baby-earriage repairs include painting or up- 
holstering, they have usually to bo sent to 
other tradesmen to be done, as the dealer is 
seldom suftleienily expert in either vork. Tn 
such cases smaller profits must serve — say, 
25 per cent, upon the total charge. 

Hiring. The hiring of children’s vehicles 
is common, especially in summer resorts. It is 


remunerative, but charges vary, so that no 
general estimate cun be given. Perhaps 2s. 6d. 
to 5s. per week may bo accepted as an average 
price for an article costing 408, to 50s. Hiring 
charges should bo framed so that the cost price 
of the article is recovered by a season's liiring 
of, say, four months. 

BABY-LINEN OUTFITTERS 

A Woman’s Sphere. The vending of 
bahy-clothes is essentially a woman's occupation. 
It has many attractions for womankind, and 
esjjecially for those who have known the joys of 
motherhood. . Tt is an ideal occupation for a 
widow with only a small capital, and if she has 
any business ability, it can be made not only the 
means of a livelihood, but- (‘ven of securing a 
competency. Many married women with busi- 
ness aspirations start a baby-linen shop in 
order to augment the income of a delicate or 
otherwise unfortunate, husband, and the woman 
wath tact, taste, and ability to use her hands,” 
invariably succeeds. 

Capital and Shop. With a sum of £100 
to £150 in hand, a fairly advantageous start may 
be made, the neighbourhood H('Ii‘ctcd being, for 
prefi^rciice, a popular rcsidtmlial one. A main 
street is not essential, unless the adventuress 
has ambitions beyond a merely family business. 
The trade is primarily a personal one, and a suit- 
able shop should bo chosen in a m'ighbour- 
hood wlua’e motIuTS and children abound. 4’h<» 
shop nec'd not bo larger ; in fact, it sJiould 
bo small, with living-rooms atlacliod, nicely 
painted, and kept scrupulously clean and neat. 
The fittings should include a coimlc'r with a 
glass top (many of whic^h may be picked uf) 
s(‘eondhand for about Jt5), several diimrnir's of 
children at various ages, a few )>rass uprights 
of different Icngtlis for displaying bonnets, 
hoods, cloaks, etc., and a brass stand with 
glass shelves. One side of the shop might be 
fitb'd wit h wood shelving for the various artichss 
that (a>me in, and to carry cardboard, mill- 
board, and cloth-cajviTod boxes of useful sizes, 
that are necessary for stocking small goods. 
A large mirror should also bo provided. I’lie 
window should have upright fittings, with brass 
movable arms pnijecting on either side. A 
sum of £15 ought to cover the cost of th<5 entire 
fittings. 

The StocK. The requirements for a baby- 
linen business arc, broadly, all the articles of 
apiiarcd necessary for a child from the moment 
of its birth until it is three or four years old. 
First of all, tlu^ro is the layctt(\ This includes 
infants’ shirts, lon^ day tlanm4s, night flannels, 
longcloth petticoats, day gowns, nightgowns, 
woven cotton swath(*s, flannel swatlu's, diapers, 
^Furkish stpiarcs, flannel sijuares, woollen boots, 
robes, cloaks, and hoods. The next — technically 
known as the “ short-ening ’’—stage is pnndded 
for by a supply of short frocks (made of nainsook, 
India twill, silk, or cashmere), bibs, cambric or 
longcloth slips, })(4isses (in serge, pique, or 
marcella- -plain, trimmed, and embroidered), 
pinafores (nainsook and lawn), white and 
coloured wool socks and bootakins, and infan tees 
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(or fingerless gloves) in Lisle thread, silk or 
wool. For older children provision must be 
made by an assortment of walking-costumes, 
sleeping-suits, knickers, spencers, overalls, and 
gaiters of cloth and wool, not forgetting petti- 
coats, chemises, and nightdresses. 

An Opening Selection. One advan- 
tage this business has over general drapery is in 
the fact that there is no variety in sizes. The 
garments are mostly all of one size, and a 
beginner who is wise will not have a great variety 
of any one article. To the inexperienced 
every help is given by the wholesale baby- 
linen houses, any one of which will supply a 
complete assortment to suit all classes. It is 
not advisable, however, to leave matters entirely 
in the hands of the wholesale house. The 
endeavour should be to work as much as possible 
on sample lines at first, gradually increasing the 
stock as the business grows. The clover woman 
will make her stock as much as possible at home. 
At any rate, she should cut out and plan herself, 
and in these days of universal sewing machines 
the work can he run together by an assistant. 
She should buy pieces of flannel, nainsook, or 
longcloth, and cut them up to the best 
advantage. Therefore, with the majority of 
articles, the opening order should bo for one 
sample of each, unless, of course, in the case of 
cheap things, such as swathes, woollen boots, 
diapers, and so forth, several of which arc 
required at once by each customer. About £5 
would be spent on a variety of robes and monthly 
owns, and a similar sum on nightdresses and 
annels. With such things the best way is te 
buy six quarter dozens at throe different prices, 
varied according to the class of business. A 
stock of daygowns would cost £2, of hoods 
£2 lOs., and with another £10 a fine assortment 
of miscellaneous articles, like slips, swathes, 
etc., could bo obtained. In shortening goods, 
£5 would bo expended on dresses, white and 
coloured ; £2 on pinafores ; anothi;r £2 on 

gaiters, stay-bands, petticoats, &c. ; £5 on hats 
and bonnets, and £2 on bibs, spencers, and 
sleeping suits. 

Accessories. There are many little things 
incidental to the business upon which wo have 
not yet touched. These all tend to swell the 
profits ; they cost little and look imposing. 
First may be mentioned macintosh goods, such as 
aprons for the nurse, accouchment sheets, diapers 
for the mother, sponge-bags, and pilches. An 
outlay of another £2 on these, ana two bassi- 
nettes — one trimmed and one not — would cost 
another £2. A toilet- basket trimmed, and 
another un trimmed, w’ould not come to more 
than £1, while a selection of trays, dotted here 
and there in the shop, with puff-boxes (including 
a loose selection of powder-puffs and violet 
powder), babies’ hairbrushes and small combs, 
posts little money, looks well, and generally draws 
the purchasing parent. The hairbrushes, puff- 
boxes, etc., are made of pearl, ivory, celluloid or 
bone. Then, baby-linen and ladies’ underwear 
invariably go together in the big drapery houses, 
but the beginner would not be able to launch out 
etemigly in that direction at first. However, it 


might be found expedient to spend £15 on night- 
messes, chemises, camisoles, and combinations 
for young girls and ladies, and by-and-by these 
might be augumented by a select assortment of 
dainty underskirts, knickers, nightgowns, corsets, 
dressing-gowns, and tea-gowns. Taste and neat- 
ness in window and in internal shop display is 
necessary. The window should be lightly 
dressed, with not too many articles displayed, 
and it should be dressed daily. A few of the 
dummy children arrayed in all their glory are 
usually placed at the back. Hoods, dresses, and 
coats could be dottc^d here and there about 
the shop on the stands aforementioned. 

The Question of Profits. Drapers 
generally concede that baby-linen* is one of their 
best paying departments. Experience in drapery 
is a help but not an actual necessity to make a 
success as a baby-linen vendor pure and simple. 
Provided the woman who essays to make a 
living at the trade has a fairly level business 
head, an average profit of from 33 J to 40 per 
cent, is possible. A bonnet selling at fls. lid. 
would probably cost 2s. 6d. ; pelisses costing 
38. 3d. sell at 4s. lid. Towelling at 38. per 
dozen, on the other hand, would perhaps have 
to be sold at 3s. lid. ; but, taken all in all, the 
profits arc as stated. It must not be forgotten, 
cither, that a woman “ handy with her fingers ” 
can make many things, such as babies’ bonnets 
and dresses out of next te nothing, and thus 
swell the total profit. A smart woman will turn 
over her stock six times a year. Her expenses 
in a small shop such as we have sketched (rent, 
£40 ; rates, £10 ; gas, £10 ; and errand boy or 
girl, £20) would be about £80, so that if she 
started with £80 stock, turned it over six times 
a year and made an average profit of 33 J per 
cent., she would be £80 in hand at the end of the 
year. This is calculating on good, straightfor- 
ward tnuling, but the begiimer whose net profit 
at the end of the first few years does not come 
up to that sum, or (wen the half of it, need not 
necessarily bo discouraged. The same buying 
terms and credits apply to this as to the drapery 
trade. 

BAG AND TRUNK DEALERS 

In large cities the selling of bags, portman- 
teaux, and trunks may be a special business, 
but in smaller towns the trade is usually allied 
to the ironmongery, drapery, or house furnishing 
trades. Wo may consider first the capital and 
equipment necessary for a distinct bag and 
trunk dealer in a prominent city thoroi^hmro. 

Premises and Fittings. shop 

must bo fairly large, as the stock is bulky, and a 
first-class trade in London demands premises 
with a rental of £350 to £500 a year. The fittings 
are expensive items. They must be good and 
up-to-aate. The front window ought to be 
enclosed and dustproof, with plenty of movable 
glass shelves and brackets. Its cost would be 
about £25. The side farther from the door may 
be fitted with a large plate-glass mirror. A 
large wall-case about 6 it. high is a desirable 
part of the equipment, and should also have a 
silvered glass back. The cost of this would be 
about £^, but if this sum be considered too 



heaigr a charge^ black paper may be used for 
backing. It is the material next best for showing 
up the goods displayed. Then £25 might well 
be spent upon a counter-case with glass sides 
and ends, with plate-glass top, and with mov- 
able glass shelves. All woodwork should be 
black, for the reason already given. The shelves 
may be of deal, painted black. For trunks, 
suitable racks may bo made of ordinary gas 
tubes — say, three rows of two pipes, supported 
bv wooden uprights, provided with holes to 
allow the horizontal tulies to bo changed as 
required. The ceiling whitened and the walls 
washed in a blue* grey colour, plain linoleum over 
the entire floor, a few good rugs, and six black 
bent- wood chairs will complete the decoration 
and the fittings, at a total cost of about £100. 
Electric light is the best illuminant, as it allows 
the goods and the shop to remain fresh longer 
than gas, but the latter should be laid on for 
emergency use. 

Capital and Staff. The trader beginning 
in the manner we suggest must have not 
less than £500 capital. Our scheme of fittings 
and decoration has left him rather less than 
£400 for stock, not a penny too much. Wholesale 
merchants or manufacturers will, if they know 
their man, accommodate him by giving three 
months’ credit and allowing full cash discount. 
Even so, it may bo necessary to grant bills for 
part of the stock account, especially if business 
moves somewhat slowly at first, but it is bettor 
to mortgage the future thus than to deplete 
entirely the bank balance, because rent, taxes, 
and current expenses are steady periodical 
charges which may not wait for settlement. 

The only shop assistance required by the 
beginner would be a boy frosh from school, 
at 5s. or 6s. a week, and a porter at 20s'. a 
week to do packing and unpacking, cleaning 
and sweeping, and to carry home purchases. 

Profit. The profits in the trade are good, 
seldom less than 33 J per cent, upon tumovor, 
which means 50 per cent, upon invoice prices. 
More may often bo had. Gladstone bags costing 
7d. or T^d. an inch may be sold for lid. or Is. 
an inch, and as stock can usually bo replaced 
quickly, it may be turned over three or four 
times a year. 

In the larger articles of sale fashion does 
not change much, and the stock is not apt 
to become soiled, hence there is little loss by 
depreciation. In fact, a trunk or a leather 
bag that has lost its pristine freshness without 
having become damaged is often preferred by 
the purchaser. 

Bags. Besides kit-bags, square bags, glad- 
stone bags, and brief-bags, stock must be kept 
of many varieties that come under the general 
heading “ bags.” Small fancy bags for ladies’ 
shopping are in good demand. Bags to hang from 
the waist, from the plain Is. article to artistic 
patterns in coloured leathers, are also much sold, 
especially when shown, as they make acceptable 
presents. They must be stocked in many 
colours, to match the dresses of the wearers, and 
retail as high as flOs. each. Courier, brief and 
square bags, gladstono and kit bags, should be 
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in a nice nut shade of brown cowhide, and it is 
well to show them in sets ranging tcHxti the 
smallest to the largest. All may be k^pt in 
throe qualities, the best lined with leather, tan- 
coloured for preference. Black leather bags have 
a very limited sale, and the stock of them should 
bo small. 

Fitted Bags. Fitted bags for ladies should 
be stocked from 21s. upwards. The cheaper 
qualities are usually in black roan leather, and 
the better varieties, from 63s. upwards, in tan 
hide, lined with red leather, and fitted with ebony 
brushes and silver- topped bottles. A special 
lino is often made of ladies’ fitted bags, at 5 
guineas, in varieties leather lined with watered 
silk to match, or to contrast with the outside. 
At higher prices— say, 7, 8, and 10 guineas each 
— one of each kind will suffice for stock. Lai^e, 
cumbersome bags are not now wanted, 
usual sizes are 12, 14, and 16 in., with the 14 in. 
in greater demand. Fitted bags, combined for 
man arid wife, may also be kept, although they 
sell in smaller quantities than those mentioned. 
Suit cases, fitted bags for gentlemen, and 
“ Saturday to Monday ” bags are also necessary 
in several varieties and qualities similar to the 
stock of ladies’ fitted bags. By purchasing the 
fittings direct from the makers and not from 
the manufacturer of the bags quite 10 per cent, 
may bo saved, and the fittings may bo arranged 
to the individual taste of the seller, who may 
thus always have something different from the 
articles bc^ing sold by his competitors. 

Small holdalls for ladies’ use, 24 in. wide, to 
mil at 53., 27 in. at 58. 9d., 30 in., 7s. 6d., should 
be a cut line, and be made of smart tweeds, with 
brown leather bindings, straps and handles. 
Better patterns, to sell at lOs. (ki., and larger 
sizes at about 21b., for gentlemen’s and family 
use, should also bo in stock. 

Other wares necessary for stock include 
dressing-cases for both ladies and gentlemen — 
the choaf)er qualities bought direct from Ger- 
many, and the better made up, similar to the 
fitted bags already described ; dress-baskets, in 
sizes from 24 to 36 in., selling at Is. to Is. 6d, 
j)er inch ; shallow dress-baskets, in two sizes, 
39 and 42 in. ; gentlemen’s hat-boxes, from 
the light basil article, retailing at 12s. 6d., to the 
light-weight solid leather variety, with places 
for straw, bowler, and silk hats ; bonnet boxes 
in good variety, from the cheap design covered 
witli American cloth, and soiling at 3s. 6d. to 
7s. 6d., to the leather- bound style, with four and 
six wire cones, retailing at 12s. 6d. and 21b. 
respectively ; holdalls and rug-straps ; and, 
finally, gun-cases, cartridge-cases, and game- 
bags. 

Small Wares. In the smaller articles, 
all of which are remunerative, purses are the 
most important. They have a steady sale. 
The humble shilling article must not bo neg- 
lected, as it is a favourite. Prices range up to 
30s., at which figure they should bo mounted 
with 9-ct. gold. Most purses are of foreign 
manufacture— the cheap, useful kind, Germo^ ; 
the best, Austrian, from Vienna ; only the pig- 
skin and some others, in which strength and 
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is the prominent feature, are made 

in l^is^and. 

Letter and card cases, cigar and cigarette 
cases are always in request for presents, and 
just before Christmastime sUx-k should he 
heavy, as delay in having orders for new stock 
fulfilled is common. The favouiite price for a 
letter-case is 2s. fid. ; for a card-case. Is ; f(»r 
a Cigar-case, 2.s, fid. ; and for a cigarette-case. 
Is. fid. The better qualities should hi* kept 
in such leathern as long-grain Morocco, shark, 
lizard, and sealskin, elejihant, and crocodile 
The favourite leather is goldiai crocodile, either 
dull or polished. The additions of monograms 
to these goods is remunerative. Other articles 
in this department include dog leads, collars, 
and whips, whistles, ^^ateh hraeelets, collar, tie, 
stud, and jewel boxes; leather luggagi* labels; 
tourist, writing, and music cas(*s and portfolios. 

Trunks. Most dealers in leather goods 
whoso stocks wo have been reviewing leave to 
the ironmonger the sale 
of steel trunks, holding 
them to Ixi out of place 
among the leather goods. 

This can be done without 
much regret, as they are 
less remunerative tlian 
the goods which the hag 
and trunk dealer tiandles. 

Steamer trunks are an 
important item. The 
length may bo from 30 
to 42 in., but the height 
should not exceed 14 in., 
as this is the limit allowed 
by some steamship com- 
panies. The best varieties 
are mode of compressed 
cane, but this material 
is finding a serious rival 
at little more than.^ one- 
third the price since the 
introduction of trunks 
of three-ply wood. 

Steamer trunks arc not 
usually sold fitted with 
a tray, but customers appreciate the eonveiiieneo 
of this accessory, and the trader w ho carries 
stock so fitted is well advised. Many other 
styles of sU*amer trunks are made, the cheaper 
being of wood covered with canvas and strapped. 
Overland and imperial tninks are made, and 
must be stocked, in similar variety to steamer 
trunks, including the P. & O., 'Orient, and 
troopship regulation size trunk. If in London, 
samples of bullock and transport trunks may 
also be held. 

Added Departments. We have indi- 
cated briefly the nature of the stock of a general 
bag and trunk merchant who would hold a 
representative assortment of the goods he 
professes to handle. As business grows, and as 
funds permit, he may add other wares -such as 
sknall silver and iv >ry articles, nicknacks, clocks, 
thermometers, games, and playing-cards, sundries 
usually associated with the stationeiy trade, 
jih(^ os fountain and stylographic pens, gold and 
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silver pencil-cases, letter balances, and photo 
frames, especially those for the pocket ; also 
fans, flasks, picnic and tea baskets, walking- 
sticks, and other objects suitable for presenta- 
tion. Articles which naturally fall in with the 
rrado are fittings for bags, such as combs and 
brushes, razors, pocket-knives, and scissors. 

Repairs. The repairing department may 
be made exc*ecdingly profitaWe, and, if possible, 
a man should be retained on the premises to 
execute the work, promptness being usually the 
essence of any repair job. Initials should be 
stamped on all leather goods bought, and painted 
on trunks, without charge. If stock of silver 
l(*tt(‘rs bo kept for finer articles, they may bo 
fixed while the purchaser waits. Tliey may be 
bought at 3s. a dozen, and sold at fid. each. 
Larger ones cost (is. a dozen, and sell at Is. 
each. Silver monograms may be bought for 
Is. (kl., and sold at 2s. fid. 

Terms of Selling. From its nature 
this trade is principally 
of a cash description, as 
the chief eustomprs are 
travellers, many of them 
en voyage. Credit must, 
however, be given some- 
times to residents in the 
ni*ighbourhood. Some 
months bring much busi- 
ni*s8, and some are very 
quiet. The be.st time of 
the year for London 
dealers is from August 
to October. The starti'r 
should open shop in June, 
as he may thus take 
early advantage of the 
busy time. 

As a Side Line. 

We have depicted the 
bag and trunk merchant 
who begins business in a 
good street in a large 
city. In a smaller city 
artii'les of a cheaper class 
than many we have 
described arc more suitable. There are always 
specific factors which no general article can take 
into calculation. The ironmonger, draper, 
saddler, or other tradesman, who would embark 
in the selling of bags and trunks as a side lino, 
would do well to invest capital only in such 
goods as steamer, overland, and imperial trunks, 
gladstone, square kit, and brief bags, holdalls 
and rug-straps, and enlarge his scope as he 
gains experience. He should always have on 
hand priced catalogues, showing particulars of 
the other articles we have mentioned, in order 
not to lose the opportunity of selling from the 
list should occasion offer. 

BAKERS AND CONFECTIONERS 

The business of a baker is essentially one 
where manufacturing skill and commercial 
ability must go hand in hand to the attainment 
of success. An average degree of both qualities 
will yield better resufts than an excess of the 
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one and a conspicuous lark of the other. The 
man whose knowledge of the art. of baking 
enables him to excel on the practical side will 
fall far short of high success unless he unites 
with this practical ability the commercial 
ability to adjust expense to output, to market 
his products efficiently, and to see that the 
profit-sucking k'cehes of waste in manufaciture, 
(iistrihution, and the collection of accounts finds 
as small a hold as possible upon tlu^ organism 
of his enterprise. JMaiiy of the cautions necessary 
for observance by the successful baker are those 
essential in any department of commercial 
activity, and it is not our intention to put stress 
upon them here; but for th(‘ discussiun of the 
requirements peculiarly pertaining to the liakcr 
and confectioner this is tlie fitting place. 

Scientific Baking. The establishmint 
of baking upon th(‘ scientilie basis which is 
becoming more and more the foundation on 
which the fabric of the industry rests in this 
country may be 
said to date from 
the Health(Tios 
Exhibition, ht'ld in 
l>ondonin the year 
1884. At that 
function attention 
was first promi- 
nently drawn to 
the possibilities of 
machinery in bake- 
house economy, 
and, like yiuist in 
the dough, a fer- 
ment of unrest be- 
gan to operate in 
the trade corpus, 
requiring for its 
satisfaction tlic in- 
troduction of the 
linst baking plant 
which engineering 
skill and an appre- 
ciation of the ends 
to be attained 
made possible. 

Then one could sec^ on all sides bakers’ sliops 
with the legend “ Model Bakery ” or “ Steam 
Bakery,” indicating that precedent had been 
neglected and mod(;rh scientific methods intro- 
duced. These signs are to be seen less frequently 
now. Establishments where the\ might be 
exhibited have become almost the rule, not the 
exception. 

Xechnical Education. The first 
essential to a successful baker is a knowledge; 
of baking. Such a statement may seem to be 
entirely gratuitous and superfluous, but it is 
not so. By a knowledge of baking is meant 
not merely the experience gained by years of 
practice between the dough trough and the oven, 
and an acquaintance with only the mechanical 
side of the business, but the much higher skill 
in which science is wedded to practice and the 
reasons for processes are understood as well as 
their manifestations. The scientific side of 
baking is receiving attention as never before. 


The National Association of Master Bakers and 
(Confectioners has co-operated with the Borough 
Polytechnu; Institute in the Borough, London, 
S. R., and tliey have spent thousands of pounds 
sterling in facilities whert* th(‘ rank and file of 
the trade may ae(}uii*e a thorough technical 
knowledge of bread-making. In the institution 
mentioned there is the only pcuumiiient college 
of baking in the rnited Kingdom, and every 
aspirant to success in the business of baking 
should take advantage of tjio opportunities 
olTen;d. There, are two large bakeries, equipped 
with modern machinery and appliances, and 
practical insttiietion in both bin ad-making and 
confectionery is conveyed. Other subjects 
which may 1)0 studied under competent pro- 
f(‘ssors in(‘*lnde chemistry, physics, biology, and 
drawing and modelling, all in their relation to 
tin; niannfaetiire of bread and confectionery. 
The school session lasls from Sepb'mber to May. 
'Pho most rapid. prc;gr('ss is to be st‘cured by 

attending the day 
classes, held he- 
tw'(;en the hours of 
t) a.m. and 4 p.m. 
It is found that 
day students are 
recruited almost 
exclusively from 
the sons of master 
bakers. Eor those 
whoso vocation 
compels them to 
be em])loyed dur- 
ing the, daytime, 
cv(‘ning classes are 
available on two 
days a wt‘ek for 
each subject. Both 
classes of students 
must sit for the 
official ♦ examina- 
tions held by the 
(fity and Guilds of 
London Tnstitut^e 
in conjunction with 
the National Asso- 
ciation. The ela.ss foes for day students arc 
£f) 6s. per session and for evening scdiolars 7s. fid. 
for an elementary course and lOs. fid. for an 
advanced course in either class. 

Provincial Instruction. The un- 
doubted success of the National Scdiool of 
Baking and (Jonfectionery in Londmi has in- 
spired provincial centres with the ambition to 
offer similar faciliti(‘s for the study of tin; art of 
br(;ad- making. The sum of about £5,000 has 
been raised to found a H(;hool of baking and 
confectionery in connection with the Glasgow 
and West of Scotland Technical College. The 
institution of the school has not yet been 
accomplished, but it cannot bo long delayed. 
Evening classes, confined to those engagwl in 
the baking trade, are held in many provincial 
towns, including Manchester, Belfast, Hull, 
Liverpool, Bristol, Ayr, Hamilton, Kilmanwx^k, 
and Glasgow. In addition to these the pro- 
fessors at the National School visit selected 
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towns during the summer months, secure a 
bakehouse and op^a classes for bakers in the 
district. The session at these summer classes 
lasts usually from 5 to 8 weeks, with two days* 
instruction in each week. Thus, while some 
towns are more favoured than others in the 
opportunities for bakers to receive instruction 
in the science of their craft, the agencies are 
fairly well distributed, and scarcely 
a baker in the country would bo 
unable to take advantage of one 
or other of them if the desire 
were keen. 

The Bakehouse. This is 
not the place for any technical 
digest of the principles of bread- 
making, which will be treated in 
another part of the 8elf- 
Edxjcaior. The commercial side 
of the business only lies within 
our province, and in reviewing 
the baker’s equipment wc shall 
begin with the bakehouse. The 
technically - instructed tradesman 
naturally wishes to instal the 
appliances which will give sco])o 
to his scientific knowledge, and 
assuming that he must study economy in lus 
disbursements he may be recommended to 
invest in an outfit of the following details. 

1 Peel ov('n. 

1 Flour-sitting maohme. 

1 Dough-mixiiig and kneading machine. 

1 Gauging and tempering cistern. 

These items will cost him 
about £150, in addition to 
which he must bear the cost 
of preparing the brick founda- 
tion and chimney for the 
oven, unless, indeed, he is 
fortunate enough to secure as 
a bakehouse a building in 
which these are already fitted. 

Some bakers’ outfitters are 
willing to quote for, and 
undertake, the whole installa- 
tion, including any necessary 
bricklaying, and it is often 
the wiser course to allow them 
to do so. A permanent oven 
built in the usual manner 
becomes, of course, a land- 
lord’s fixture, and the tenant 
can neither remove it nor 
demand any consideration for 
it upon the expiry of his lease. 

Should the tenant, however, 
take the precaution to have 
one layer of timber placed 
below the oven, but over the 
foundations, be will thereby 
reserve to himself the liberty to remove the 
oven whenever he may wish, as this provision 
prevents the structure from being considered a 
permanent fixture. 

The wisdom • of acting in this way does 
not lie in the value that would attach to 
the oven, should he decide to remove it, 
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but in making the landlord less liable to seek 
to increase the rent upon any renewal of the 
letting term. 

The baker may save £50 of the outlay sug- 
gested above, if ho wiir content himself with a 
portable oven, but unless there are stringent 
reasons for so doing ho will be wise to give the 
larger sum for the more permanent article. 

His sundries, including two dough- 
tables, a dough-trough, a bread- 
rack and a complete equipment of 
utensils will increase the bill by 
£25. 

Some expenditure will be occa- 
sioned by the confectionery 
department, into which, it may 
be assumed, our baker will also 
venture. A spongc-whisk will 
cost about 21s., and a full assort- 
ment of tins, moulds, pipes, and 
all the necessary utensils may be 
put in at a cost of from £10 to 
£ 12 . 

A small power whisk would 
cost £3 3s., and a cake machine 
£20, but these would be an un- 
necessary expense until the con- 
fectionery trade had developed very much 
indeed. 

Output. A plant such as we have sketched 
will permit an output of 15 to 20 sacks of flour 
per wtu'k, innJiuling £(> worth of smalls and 
confectionery. Even 25 sacks might be put 
through, but this would be difficult, and could 
scarcely be maintained. The 
limit is reached, not by the 
machinery, but by the oven. 
The machines wo have men- 
tioned could be worked up 
to the baking capacity of two 
ovens, hence, doubling the 
capacity docs not double the 
cost of the equipment. This 
is a detail which illustrates 
how the larger producer can 
often compete against the 
smaller man upon more 
favourable conditions. 

Assistance. We have 
assumed that our baker com- 
mencing business is to be his 
own chief workman. There is 
small chance of success other- 
wise. An enterprise on such 
a scale would be unable to 
support a proprietor who did 
not earn a workman’s wage 
by labour in his own bake- 
house or by delivering his 
bread. Ho would want a man, 
whose wages would depend 
upon looalitv. London bakers earn 258. to 308. 
per week ; bakers in the English provinces 24s. 
to 28s. per week ; but in Scotland higher rates are 
common, and the average ma^ be taken at 32s. 
a week. A foreman baker in a small bake- 
house earns about 5s. more than an ordinary 
hand. A youth as improver may be had at 
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15s. a week in London, or at lOs^ a week in the 
provinces. He will bo useful outside the 
bakehouse as well as in it, and may do the cus- 
tomers’ rounds with board, barrow or cart. But 
the small baker should never trust entirely to 
his improver, but should take care to come into 
personal contact w ith his customers periodically. 
Thus ho may receive complaints, learn the wishes 
of the customers, and check the accounts owing, 
if there bo such, for a youth entrusted with the 
liandling of rnontiy is often tdmpt<Kl t o appropriate 
it, a practice which usually begins in borrowing. 

Buying Flour. ' ere is great competi- 
tion among the millers for' the custom of the 
baker, hence there is no uniformity in the terms 
upon which he is rc(juired to pay for his flour. 
Payment at one month under discount of 1 j. per 
cent., or 6d. per sack, is not uncommon. Larger 
credit is usually net, or w'ith added interest pro- 
portionate to the credit. But indlers frequently 
run over ea(;h 
other in at- 
tempts to se- 
cure orders, 
and, as a mat- 
ter of fact- a 
1) a k 0 r can 
nearly always 
got flour, even 
if he have not 
a penny to pay 
for it. This 
accounts for a 
good many of 
the bankrupt- 
cies in the 
trade, for if 
credit wore not 
so cheap, 
fewer men 
with ambi- 
tion, but with- 
out moans, 
would be 
tempted to es- 
tablish them - 
selves. In a 
fluctuating 
commodity like flour, forward buying under 
contract is common, also speculative buying, 
even beyond the consumptive capacity of the 
individual. The ability to estimate a firmer 
market is a desirable quality, and its exercise 
is very profitable, but, of course, the risks are 
pr^ortionate. 

Selling Prices. The sack of flour 
weighing 280 lb. produces from 92 to 96 quartern 
loaves. The rise or fall of 4s. in the price of a 
sack of flour is supposed to raise or lower the 
price of the loaf one farthing. But it often does 
not do so. There are fools in every trade, and 
the bakery trade has its proportion. Competi- 
tion causes many bakers to cut prices below 
remunerative level, and this not only prevents 
the cutter from making his proper profit, but 
also makes his competitors and his neighbour- 
hood work for less than a fair price. It is 
rec(^aised that the price of the product of each 
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sack of flour should bo 148. in excess of the flour 
cost. From this 14s. the baker has to pay for 
his yeast and other ingredients, labour, fuel, and 
working expenses. Some bakers are content 
with a gross profit of 10s. per sack, and they may 
make a living by hard work, but after they have 
worked themselves to death tlicy will scarcely 
bo able to leave beliind them sufficient money 
to pay for a respectable tombstone. 

Upon small goods and confectionery retail 
prices should be not less than double that of the 
materials used. The loss upon these is greater ; 
they are saleable only when fresh, and the baker 
must choose between having on hand a good 
stock right up till the hour of closing each night, 
with a eonso(juent certainty of having a good 
pereentage of stale sto(!k, or of displeasing 
customers by running on sliort stocks, and, there- 
fore, of being unable to do a good evening trade. 

Special Breads. Tlu're has been created 

a good de- 
mand for 
special breads 
of the Ho vis 
and Bermaline 
types. In the 
one, the usual 
loaf weighs 
1 lb. 10 oz., 
and retails at 
:id. In the 
other, it is 
usually 1 lb. 
for l|d. Such 
broads pay 
w'cll — quite 
double the 
profits yielded 
by the com- 
mon loaf. 
Their manu- 
facture is very 
simple. It is 
necessary only 
to follow ex- 
plicitly the 
directions is- 
sued by the 
firms w'ho own the processes. Very small 
quantities may bo made quite as easily as 
largo quantities, and care should be taken not 
to make too much, because to have to sell it as 
stale is to lose all the advantage of the higher 
profits possible. These special breads stand 
a much heavier proportion of w^ater than 
ordinary flour. 

BaKehovise Laws. The law imposes 
certain distinct obligations upon the proprietors 
of a bakehouse. If machinery be used — and the 
modern bakehouse fills this condition — the place 
is subject to the general provisions of the Factory 
Acts. If the establishment be a retail one, these 
provisions are enforced by the Medical Officer of 
Health of the local district authority, and not by 
inspectors under, the Factory Acts. The interior 
of the bakehouse must be Jimewashed, painted, 
and washed at certain specified times, and must 
not be used as a sleeping -place. No building 
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underground ma;y be used as a bakehouse, unless 
it was so used ])rior to Jonuaiy Ist, 1896. Caro 
is also neoessary that cliildren and young 
persons Ijc not employed in a factory, except 
within such hours as the law pormitA. The 
Broad Acts and the Sale of Food and Drug Acts 
are framed to prevent adulteration. The intro- 
duction of alum into bread, for instance, is not 
permitted, although technical opinion is not 
unanimous in condemning its use. Many other 
ingredients may not by law be incorporated in 
bread, but alum seems to be the only adulterant 
regarding which action has been taken for some 
years. The quartern loaf is supposed to weigh 
4 lb., but most of the br(;ad now sold is in 
half-quartern, or 2 lb. loaves. In the present 
state of the law, the baker may sell his brejul 
“ of any weight or size he thinks lit,” provided 
that he sells it by weight, which means that 
the weight must be declared at the time of sale. 

The Shop. Wo shall now step from the 
bakehouse into the shop. The best attendant 
for the baker’s shop is a member of the baker’s 
family in the modest venture we have been dis- 
cussing. Indeed, the whole business of a baker 
is, more than almost any other, a family affair, 
and success depends upon each individual doing 
his or her allotted part well. 'Fhe baker’s wife 
is the best person behind the baker’s counter. 
There is scope for womanly taste and skill in 
rendering the shop inviting, and in setting out 
its contents in an a])p(^tising manner. 

The Window. The l)aker has wide choice 
in w'indow arrangement. There is being exhibi- 
ted a tendency to refrain from overloading th(^ 
windows with stock, and it must bo remembered 
that a few artic'les tastefully arranged are 
infinitely better than a mass of stuff which remind 
one of the painful necessity of eating rather than 
of the pleasures of the table. Our illustration 
[1] shows a good design in a suspending arrange- 
ment, which we select from the specialities of 
Messrs. F. E. and G. Maund, of London. It is 
in lacquered brass, relieved with burnished 
copper, and has two ground and polished plate- 
glass shelves. The price of an article of this 
sort is about £6. It may be objected that too 
much show of metal- work attracts attention to 
the fittings instead of to the displayed mer- 
chandise. Excellent brass and plate-gla.ss 
suspending arrangements may be had at half 
this price. Black iron window fittings, though 
excellent in many places, are not desirable in a 
confectionery window. Nothing looks Ix^tter 
than brass and glass. 

Interior Decoration. Money may be 
judiciously s})ent upon internal fittings and 
decorations. White enamel paint is the most 
appropriate for a baker and confectioner’s shop. 
Our illustration [2] shows an attractive interior. 
Assuming the shop to be 16 ft. by 20 ft., the 
post of fitting up would be about £150 in 
deal and £175 in American whiu^w’ood. This* 
includes complete fittings on both w^alls, two 
counters, a cash-desk, four air-tight glass oases, 
inarble tops to the counters, and back fittings 
and full-plate mirrors at back of the shelving. 
Bxpense could be modified with details. 
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Show-stands. There is no excuse for the 
baker and confectioner who neglects to have 
attractive show-stands about his counters. 
Makers of such things offer a selection that is 
embarrassing. Ix^ss than a five-pound note will 
purchase the strong, fivc-tray stock rack shown 
in 4 . The trajis as they (5ome full from the 
bakehouse may be slipped upon the angle 
brackets of the rack. To fill up a comer either 
in the window or’ on the counter or shelf, the 
type illustrated in 3 is a favourite. It may be 
purchased for 30s. 

Purchased Merchandise. The baker 
— especially if he bo also a confectioner — floes 
not manufacture all that be sells. He may. 
handle factory biscuits and sw^eets. The chief 
value of factory biscuits is that they fill up 
space, making an appearance in a shop which 
might, when the trade of the day is over, be very 
bare inOeed without them. They seldom yield a 
larger profit than IJd. to 2d. ])cr pound, and 
there are a good many quarter-pound customers. 
Sw'cots and sugar confectionery pay much 
better — seldom Jess than 100 per cent, on cost 
price, and ofUm a good deal more. They are, 
therefore, worth f'ncouraging. 

Horse and Van. The upkeep of a horse 
and van in a city like London cannot be reckoned 
at less than 2()s. per week. In country places it 
may be somewhat less, down to 1 2s. a week in a 
vilhige. A good van fresh front the w^orks costs 
£35, but a second-hand one suitable for a new 
start may bo had for half this figiire. If cheaper 
than the latter sum, there is usually something 
wrong with it, and it often happens that invest- 
ment in a new vehicle would have proved more 
economif^al than the puroliase of a second-hand 
article. Paint, like charity, can be made to 
cover a multitude of sins. ''Pbe chief point in 
buying a second-hand van is to see that the 
w^heels are good. The price of a suitable horse 
varies considerably ; £15 must bo paid for one, 
and more, if possible. The sum mentioned may 
include a spavin and a few sand-cracks, but one 
cannot have oyory thing for three five-pound notes. 
If the baker does not aspire to employ animal 
traction. £10 to £16 will purchase a good covered 
baker’s barrow or a cycle delivery carrier. 

Handbooks. There are many handbooks on 
baking and confectionery published. We suggest 
the names of a few that are really meritorious. 

“ The Bread Acts,” by J. F. Rowe, fid. ; 
“ Lectures on Bread -making,” by John Kirk- 
land, 28. 6d. ; ” l^actical Hints on Flour,” by 
W. T. Bates, Is. ; “ Hot-plate Goods,” by R. 
Gommez, 9d. ; “ Slab Cakes,” by F. Houghton, 
38. fid. ; “ The Art of Confectionery,” by George 
(.bx, lOs. fid. ; “ Figure Piping an(l its Uses,” by 
F. Russell, 28. fid, ; Book of Designs, by Herr 
Willy, 5s. ; “ Jago’s Science and Art of Bread- 
making,” 16s.; and “Jago’s Principles of 
Breadmaking,” 2s. fid. 

The Bakers’ and Confectioners’ Exhibition, 
held each September in the Agricultural Hall, 
Islington, London, is highly instructive for the 
practical baker who attends it with his eyes 
open. 
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cannot go far with the study of gravitation 
before we find it necessary to imagine the 
existence of an invisible something which is now 
called the Ether, The history of the idea that 
apparently empty space is filled with an infinitely 
delicate substance of great importance is very 
interesting. 

What is Light ? The first term that was 
employed was the luminiferous} ether - that is 
to say, the light-bearing ether. The older 
theory of the nature of light — a theory sup- 
ported even by the great Newton — was that it 
consists of the propulsion of countless hosts 
of minute bodies, some of which enter the eye and 
cause the sensation of light.- But that theory 
had to be abandoned, an«l there was substitiik^d 
for it the now universally accepted wavc^ theory 
of light, which asserts that light is a kind of 
wave motion --in what ? Between us and the 
sun, for instance, there is apparently nothing 
at all except a few miles of air. If light be a 
wave motion, then the space between us and 
the sun must be filled by an invisible something, 
in which the motion occurs, and this invi'^ible 
something was called tlu^ luminiferous ether. 
Its existence, at first merely suspected, is now 
beyond dispute. Wo know that it transmits 
not only the waves of light, but also the waves 
of radiant heat, the Hertzian waves of wireless 
telegraphy, the ultra-violet W'av(‘s which now 
euro lupus, the Rdntgon rays, and many more. 
So certain is the existence of the ether that 
modern chemistry is inclined to believe that 
what we call ordinary matter is none oth(*r 
than a special product of the ether — in other 
words, that the ether is the mother of matter. 
Now, what has all this to do with gravitation ? 

The Mystery of Influence. When 
wo come seriously to think about the fact f»f 
gravitation, wo find it impossible to understand 
how one body in space can exercise an infiiienct' 
on another, unless there be some medium 
between them by which that influence can be 
transmitted. Now, what can this medium be ? 
Dr. Thomas Young — a distinguished physician 
to St. George’s Hospital, London, founder of the 
wave theory of light and discoverer of the key 
to the Egyptian Hieroglyphics — declared that 
** a luminiferous other pervades the universe, 
rare and elastic in a high degree.” Surely, if 
there be such a luminiferous other, it must be 
the medium by which the force of gravitation is 
transmitted. So far this is all very well, but 
we soon encounter the most serious diffi- 
culties. 

lathe first place, if the ether is to vibrate so as 
to give rise to light, it must have the property of 
rigidity, as found in solid bodies, such as a 
stretched string. But it is very difficult to scpiare 


our idea of such a rigid body with the motion 
of matter through it. In fact, wo seem com- 
pelled to endow the idher with a number of 
propertie.4 which appear to be incompatible with 
one another. Indeed, two great philosophical 
students of science, Auguste Comte and John 
Stuart Mill, entirely disbelieved in the existence 
of the other at all, and we can sympathise with 
them. N(*v(‘rthelesM, it is impossible to agree 
with them, for the fact of gravitation, if no 
other, compels us to assert the existence of such 
a substance, if there be no ether, we must 
believe in the possibility of action at a distance — 
that is to .say, the possibility of one thing 
affecting another without the existence of any 
means of communication between them. So 
we must do our best, despite difficulties, to 
ascertain the nature of the ether, being weU 
as.sured that, on(i(* we have solved this problem, 
and the allied problem of the relation of the 
ether to the ultimate constituents of matter, 
we .shall have in our hand.s the key to the 
f)roblem of gravitation. 

The Ether and Matter. Now, we have 
already seen that weight is a consequenco Of 
gravitation, and we are compelled to assert 
that the ether, by which one portion of ponder- 
able matter exerts gravitation and attraction 
upon another, is it,self without weight. Thus, 
in contra distinction to the imponderable ether, 
we often speak of “ ponderable matter.” But to 
assert that it has no weight is by no means to 
assert that i t has no mas.s ; our previous inquiries 
have already shown us thi.s. In order to do 
the work which we assert of it the ether must 
have muss, and Ium’c we encounter a source of 
confusion whic^h is extraordinarily widespread. 
It actually vitiates a large part of the argument 
of no less a person than Mr. A. J. Balfour, in 
liis Presidential Address to the British Associa- 
tion, at Cambridge, in 1904. Referring to the 
modern do(drint‘ that ordinary matter — ponder- 
able or weight-}) 08 sessing matter —is only a 
.specialised form of ether, Mr. Balfour declared 
that “ matter has been not only explained, but 
explained away.” Like so many others, he has 
completely failed to realise that all our notions 
of th(^ ether, without exception, are derived from 
our notions o/ tmUter, Tlie differences lx‘.twcen * 
the two are no doubt profound, since, for in- 
8tanc(s one has weight, whilst the other, without 
weight, is yet the cause of weight ; but, never- 
theless, in discussing the ether we are di.scu^wBing 
a material entity — rarer perhaps a thousand 
millionfold than the rarest gas, but neverthelestr 
material. 

Properties of the Ether^ Havin^t 
cleared our raiildh of this confusion, we miiBl 
proceed to ask ourselves what ar^^he pro^rtic^ 
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which we can aftsert with any decision of this 
mysterious substance. According to a great 
student of the subject. Lord Kelvin himself, 
the ether must be continuous ; there must be no 
holes, gaps, or cracks in it ; it cannot be atomic 
in the sense that matter is atomic ; it must 
consist not of a collection of particles, but of an 
absolutely continuous substance. A word fre- 
quently used to express this property is horno- 
geneous. Tlie ether must Iw homogeneous — 
continuous and uniform throughout. 

A Stone in a Pon i. Even in ac(!cpting 
this apparently simple and necessary assertion, 
we find ourselves met with a difiiciilty, as 
Herbert Spencer pointed out. For how are we 
to conceive of a wave movement in a con- 
tinuous medium ? Of course, wc are familiar 
with wave movements in mediums which 
are apparently, but not really, continuous. 
When you throw a stone into a pond you excite 
a wave movement in a medium which looks 
continuous, but, of course, it is not so in realKy. 
You know quit(! well that certain particles of 
the water must be moving past ci'rtain others, 
and if this be so, the medium is not really 
continuous. But indeed how can there he any 
wave motion in a continuous medium? The 
waves of light in the other must mean — if tluiy 
mean anything — a state of more or h’ss local 
motion, and there can be no local motion in a 
medium which is really continuous. Needless 
to say, we are not yet in a position to exj)lain 
this difficulty. If we are hoiK'st, however, we 
have to state it, and the people who always 
i*ejoiee at the difficulties of science may have 
their laugh if they will. “ The laughter of 
fools,” said Solomon, “ is as the crackling of 
thorns under a pot.” 

The Light through the Window. Now, 
the ether is certainly continuous in the sense 
that ordinary matter offers no interruption to 
its continuity. It has sometimes been asked 
what happens to the ether as the earth passes 
through it in her endless journey round the sun. 
It has l>ecn thought that the earth must push 
the other aside, just as she would if she were 
passing through an ocean of water. This would 
imply, of course, that the ether is not continuous, 
since it suggests that from the exact portion of 
space occupied at any moment by the earth 
the ether must have previously been expelled. 
Certainly more in atrccjrdance with our mmlern 
views as to the ether is the doctrine that the 
matter of which the earth ih composed flies right 
through the ether without in any way pushing it 
to one side. It must certainly be the ease that 
the ether can exist in space which is apparently 
fully occupied by ordinary matter. Take, for 
instance, the passage of light through your 
window. A series of ether waves strikes one 
side of the pane of glass and emerges unchanged 
at the other side ; the waves brighten up the 
point of glass through which they paas ; there is 
certainly absolute continuity of the ether wave — 
, that is, of the ray of light. This can only mean 
that there is ether present in the glass. It cannot 
possibly be explained as meaning that the 
'aether wave on reaching the pane of glass is 
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transformed into a glass wave, and that this 
glass wave, on reaching the inner surface of the 
pane, is rc transformed into an ether wave, which 
has the same properties as the orginal one. 

Lord Kelvin’s Theory of the Ether. We 
speak advisedly when wc say that the ether, some- 
how or other, is continuous. It is continuous not 
only within itself, but with ponderable matter. 
Only on the assumption that there is no break of 
continuity between ether and ordinary matter 
can we explain the transmission of light through 
portions of matter, or the fact that one portion 
of matter acts upon another gravitationally by 
m(‘ans of the ether. Indeed, the only possible 
conception is that the ether is absolutely omni- 
present, and that ponderable matter is a special- 
ised manifestation of it. As to the essential 
relation between ether and oi*dinary matter 
various brilliant guesses have bt‘en made. Per- 
haps wo must consider matter as consisting 
merely of points of o.vtra dt^iisiiy of the ether. 
That sc(‘ms simple, but it is not very satis- 
factory. Perhaps w(; must consider that portions 
of the etlier have somehow become cast in the 
form of vortex rings, like the rings issuing from 
a smoker’s jiiouth ; this is the famous vortex 
iheorif of J^onl Kelvin. 

There are many problems still unsolved, but 
some things are. at any rate*, quite certain. That 
there is an actual entity corresponding to what 
we call the etlicr, there can be absolutely no 
doubt whatever. Sometimes, when the biologists 
and the physicists are having a little quarrel, 
the former assert that the ether is a convenient 
fiction,” or a “ bas(‘less hypothc'sis,” or some- 
thing of the sort, but the reader may be assured 
that competent obsi'rvers have no doubt at all 
that the ether does actually exist. He must not 
pay too much atlention to what people say when 
they are angry. I’hc difficulties of describing 
the properties of the (ffh(?r in any intelligible 
manner we must freely and humbly admit. But 
we are getting nearer to a solution ; we have 
travelled very fur cv(ui in the last fiv<^ years. 
There is hope for physicists in the great mind of 
Lord Kelvin, though it is now in its eighty-second 
year. Even so long ago as 1888 he showed that 
certain of our difficulties in describing the 
properties of ether can be met, “ provided we 
cither suppose the medium to extend all through 
boundless space, or give it a fixed containing 
vessel as a boundary.” The celebrated Balti- 
more lectures delivered by Lord Kelvin in 1884 
give us a splendid exposition of the conception 
that the ether is really a continuous, homo- 
geneous, non -atomic, elastic solid. 

Let US now, having studied so far as may be 
the nature of the ether, return to the question of 
gravitation, and see whether we are able to 
express any opinion as to its cause. 

The Cause of Gravitation. The study 
of the cause of gravitation is as difficult as it 
is important. Only in very recent years do we 
appear to be reaching the point at which we 
shall be able to make up our minds on this 
matter. For instance, the article on ^avitation 
published by Sir Robert Ball in the Encyclo- 
paedia Britannica,” in ISPO, and included in the 
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last edition of that work, contains no allusion 
whatever to the cause of gravitation — not even 
a hint that the (juestion may be raised at all. 
Ilut there was little chance of understanding the 
cause of gravitation until wo had at least arrived 
at somewhat truer notions of the nature of 
matter than those of the year 1880 ; and we 
may suppose that it really did not seem worth 
while to discuss a subject about which nothing 
whatever was known or seemed likely to be 
known. Indeed, we may quote the words of a 
writer, who says : “ Since the; time of Newton the 
doctrine of gravitation has been admitted and 
expounded till it havS gradually acquired the 
character rather of an ultimate fact than of a 
fact to be explained.” (Clerk-Maxwell.) 

Flying Bodies in Space ? The most eele- 
brated theory of the cause of gravitation is that of 
Le Sage, of Geneva, published in the year ISIS. 
He considers that the whole of spa<ie is tilled 
with minute bodies flying about in all directions. 
These ho supposi's to be so small tliat they v<*ry 
rarc'ly strike one another ; they are almost 
immeasurably smaller, ht^ fancies, than the par- 
ticles of ponderable matter against which they 
must very frequently strike. 

Now, if there were only one single body in 
space it would receive on the average about as 
many blows on one side as on another, and thus 
would not be urged to move in any particular 
direction ; but if we imagine two bodies in space 
it is plain that each of them will shield the other 
from a proportion, however minute, of these 
tiny projectiles concoivt'd by Le vSugt'. Thus, the 
side of each body which is next to the other body 
will receive fewer blows, and the two bodies will 
he inov(‘d towards one another in virtue of the 
excess of blows they receive on the sides furthest 
from one another. Now, supposing that were 
the actual state of affairs, it would yiedd a law of 
gravitation which bears an (jxtraordinary resem- 
bluiiee to the law we know. For instance, the 
force of attraction would vary inversely as the 
square of the distance between the two bodices. 
Further, it would vary directly in i)roportion to 
the areas of sections of the two bodies taken 
through them at right angles to the line between 
them. Thus, if we can imagine bodies so con- 
stituted that these areas — the areas that shield 
the other bodies from blows — are proportional 
to the mass of the bodies, wo find that the law 
which would hold if Le Sage’s theory were true 
is absolutely identical with the observed law of 
gravitation, Thus, the theory of Lc Sage is 
not only a signal instance of the brilliant use* of 
the scientific imagination, but — and this is very 
much more important — looks as if it might be, 
in some measure, at any rate, an approximation 
towards the truth. 

Criticisms of the Theory. An obvious 
objection will present itself. As far as we 
can possibly detect, gravitation acts between 
any two bodies with precisely the same force, 
whether or not there be a third body intervening 
between them. The attraction exorcised by the 
sun upon the moon is apparently just the same 
when the moon is eclipsed— that is to say, when 
the earth intervenes between her and the sun, 


as at other times. Hence, as Le Sage himself 
pointed out, it is neces.sary to suppose that only 
a very few of the i^artieles which he imagines 
to be Hying about space arc stopped by any 
solid body, most of tlu'in passing on through 
the relatively wide intervals which we must 
conceive as existing between the ultimate 
particles of ordinary matter. 

Clerk-Maxwell spent considerable thought 
upon criticism of Le Sage’s theory — “ tlie only 
theory of the cause of gravitation whicli has 
l)(ien so far developed as to ho capable of being 
attacked and dehmdc'd.” 'J'hose words were 
written more than .SO years ago. This is not the 
])lace in which to consider the various more or 
less recondite criticisms mad(^ by the groat 
physicist, but we may just brielly note that one 
of the chief difficulties suggested — namely, that 
the energy contained in these rapally moving 
particles of Le Sage would iiee(‘vssarily raise to a 
white heat every mat(‘rial body tlioy encountered, 
is disposed of if we an* al)le to accept the theory 
of Lord Kelvin - that the particles are not mere 
j)()iiits, l)ut are of the nature of vortex atoms. 

Now, the reader may well ask, what has all 
this about raj)idly moving ])artieles Hying in all 
directions tlirongh infinite sf)ace to do with what 
we have alr(*ady asserted, eoneerning a continu- 
ous, non-atomic — i.r., non-particulate — clastic 
cth(‘r ? And certainly we admit that there does 
S(‘eni to be very little^ compatibility between the 
two conceptions ; hut it must now be shown that 
a very recent and very important discovery has 
led us up to a point at which it He(*ms possible' 
that this promising theory of Le Sage may bo 
re-staled in a form that is entirely compatible 
with our modern conceptions of the nature of 
the ether. 

The Pressure of Light. The subject of 
gravitation is so colossal and so fundamental 
that wo are C()m])elled to tn'at it as a wliolc, and 
therefore we offc*r no apology for taking out of 
what f)erhaps may be regarded as its proper 
place the suhji'Ct of radial ion -pressure — and 
more es))eeially the pr(.*ssure of light. Since this 
subject has lati'ly been shown to havc^ no small 
bearing, as it aj)pears, upon the essential nature 
of gravitation, we cannot possibly afford to wait 
for its discussion until we reach the part of our 
course which deals with light. 

As we have seen, Newton taught that light — 
or rather the ohj(*ctive basis of light — consists 
of the ])ropagat ion of minute particles or (iorpus- 
cles wdiieh trav(*l at immens(* speed in straight 
linos. Jn thus advoc'ating what is called the 
corpuscular theory of light Newton n^tarded the 
progress of optical science for many decades 
after his doatli — a conspicuous instance of the 
malign power of authority. Now, if light con- 
sistetl of a cor[>U8cnlar bombardment, it would 
exercise, how'cver faintly, a pressure not distinct 
in principle from the pressure of one hand upon 
another ; and it has long been believed that 
light docs exercise such a pressure, but the 
experimental evidence of this belief has not been 
forthcoming. In one respect, this is fortunate; 
for if it had been possible to quote experimental 
proof that light exercises a pressure, the fact. 

937 
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would certainly have been regarded as strongly 
ill favour of the (false) eor])US(Milar theory of 
light as against the (true) wave* motion theory. 

Hut when (Merk-Maxwell associated light 
with other foi nis of radiation in the either, such 
as radiant heat and electricity, and estab- 
lished what is now called the electromagnetic 
theory of light — now universally acceptiMl — he 
showed that even on this theory, just as mueh 
as on the discarded (me, light must exorcise a 
pressure. For eonvenicuice of reading we use 
the word light, hut it must bo remem ht'ivd that 
this prc'ssurt' is eommon lo light and all other 
forms of ethereal wave motion of llie same kind. 
It make.s no differeneo to its pressurti wheth<‘r or 
not a partidilar rate of nudion liappens to have 
a special action upon tin* human eye. Ch^rk- 
Maxwell actually proc(‘cded, hy use of various 
abstract mathematical considerations, to frame 
a formula which would (‘Xjiress. he. dcehin'd. the 
measure of the pressure of light -a ^ jircssure 
which had not then been dcmionstrated. 

The Radiometer. It is now many years 
ago sim^e Sir William Crooke.s followed those 
who had attemi>ted to demonstrate what Ave 
shall henceforth know as radial ion- pn'ssuro. 
His mdiomHfr is familiar to all - a S(‘rieF of 
delicatidy balanced vanes, bright on one sidt*, 
blackonf'd on the other, which lie in a partial 
vacuum in a gliss hull). Exposure to sunlight 
or even the imO of a lighted cigar causes these 
vanes to revolve. Hut it was sliown that this 
etfeet is not due to light -pressur(‘, hut to the 
unecpial heating, and eon.scquently unecjual 
atomic movement, of tlie remaining air in the 
hulh, due to the varving ahsorptiejns of the 
bright and hlaek(*ned surfac’cs of the* vanc^s. 

Some four years ago, however, radiation- 
pressure was positivi'ly dcmonstratc'd, indejien- 
doritly, b\ the great Russian [ihysieist Lelsnlew, 
and hy two American ol)sei V(MH, oik* of whom - 
Profo'sor K. F. Nichols—cxeite.l much interest 
amongst the physicists in this country hy 
lecturing and showing his original a])paratus at 
the Royal Institution, in .>fay, IbOo. Lel)ed(‘w’s 
niethcxl was based on tlie advice i)f Maxwell, 
which was simply to obtain as high a vacuum as 
po.ssible, so as to exclude the action of heated 
gases, as in the radiometer, and thus to detect 
any action du(‘ to th<’ pressure of light alone. 

Radiation-Pressure. Professor Nichols 
and his ro-worker f)roe(*(*de(l on dittereiit liruxs. 
They (*rnplov(‘d no vacuum, but w'ere neverthe- 
less abl() to (‘Xelude the gaseous action, wdiich 
lakes some time to manifest itself, w'horeas 
the efTeels of light-prc'ssure are naturally 
instantaneous. It is impossible to describe on 
paper the details of the method which the dis- 
coverer found complicated apparatus necessary 
to explain. J^(‘t us merely oliserve that the fact 
of radiation -pressure has now been establislied, 
that its amount has Ix^en measun'd, and that the 
measurements coinedde within extraordinarily 
narrow limits with the results reacdied by (derk- 
Maxwell, working from purely mathematical 
^assumptions. Given that radiation -pressure is a 
fsfit (and a universal fact, he it remembered), 
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the question now is as to the general significance 
of this most important discovery. 

Of course it explains that for which an ex- 
planation has long been hoped, the developriK'iit 
of tails by comets when approaching the sun. Tt 
explains not only the formation of these tails, 
hut their increasing width as th(.*y pass away 
from the nucleus of the comet, the eases in which 
there are several tails — as in the celebratcx^l 
cointd of Donati — and the manner in which they 
push their trains in front of them as they leave 
the royal presence ; but this docs not represent 
anything but a tiny fraction of the cosmic 
significance of radiation-prcs.sure. 

A Universal Force Opposed to Gravi- 
tation. It is, as we have already hinted, a mere 
accident, so to speak, of our constitution, 
that we can see certain forms of radiation, can 
feel others, and can perceive yet others not at 
all. We have seen that the Hertzian waves, the 
infra-red waves (that is to say, the waves that 
li(‘ just below the red rays in ordinary sunlight), 
the rays of light, the ultra-violet rays, and many 
mor(‘, are related to one another, just as one 
musical note is to its neighbours. 

Wherever, then, there is a luminous body, 
wherever there is a body which is possessed of 
any h(*at whatever, w^herever there is a body 
w’hioh is a source of eliAtdric energy, there is a 
source of radiation-pre.ssure. It amounts to this 
th(‘u, that we now have positive ('videne<* of a 
universal force which is comparable to gravita- 
tion, but acts precisely in the opposite direction. 
As gravitation attracts, radial ion- J)lvssurt^ repeds. 

Ill the case of large bodies, as the sun ami the 
(*arth, radiation -pressure does not amount to 
one billionth part of gravitation, but in the cast^ 
of the particles in a comet’s tail we sev that, 
despite the enormous mass of the sun, radhition- 
pressure far outdoes gravitation. Tn other con- 
ditions the two forces will balance one another. 
Now', every body that is above the absolute zero 
of tempfn-ature exerts this force — and at all 
distances — its power decreasing with distance in 
the same ratio as does the power of gravitation. 
The unqualified assertion of Newton, then, that 
all bodies whatever attract one another with a 
force which is proportionate to their mass and 
varies inversely as the square of the distance, is 
found to only ideally true ; for most, if not 
all, bodies also repel one another in accordance 
with an ecpially precise law. It is possible to 
combine the two into an algebraic expression, 
without reference to which the law of gravitation 
alnmld now no longer bo stated. 

**One Universal Heap of Matter.** 

Lot us now briefly consider some of the conse- 
quences of radiation-pressure — of the fact that 
there is a mutual repulsion as well as a 
mutual attraction between bodies. In the 
first plac(', we must reconsiJker the view which 
has often been maintained, that all matter in the 
universe will ultimately be agglomerated into 
ono dense heap in virtue of gravitation. Again, 
wc find that we now' have another factor besides 
the action of the tides, pointed out by Sir 
George Darwin, to» consider as interfering with 
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the stability of the Solar System. But further- 
more, we ohs('rve, as has been alr(*a(ly shown, 
that the first law of motion ean no longer be lu'hl 
as unqualiliedly true, even if the iiudion be 
througli an untenanted and ])erfeetly frictionless 
ether. It i.s said that, in such conditions, a body 
in motion must so move, in a straight line, and 
at the same velocity eternally, if no fore(‘ be 
impressed upon it. That, doubtless, is really 
true, but when are the (ionditions realised ? 
For any body that emits radiant -energy — rjj., 
any body such as the sun or the earlli — c-ontains 
within itself a cause of retardation. On its on- 
ward path it leaves waves of radiation behind it 
and sends them in front of it. But in so doing 
it tends, as Profe.ssor Poynting has shown, to 
“ crowd upon ” the waves in front, whilst those 
behind it are “ thinned out.” In otlu'r words, 
the radiation-])ressun‘ will be gre:\ter in front 
than behind, and therefore the speed of the 
body — and thirs applies alike to a Sirius or 
a bullet - will constantly be diminished. 

Its Bearing on Gravitation. In 
con.sidering the future of tlu^ Solar 
System, then, we have to recognise, i?i 
]>lanetary radiation, and in the effects of 
• the solar radiation, eaus(‘s which t(‘nd to 
retard that motion in virtue of which 
alone the plant'ts are prov(‘nt<‘d from bill- 
ing into the sun. But it appivirs (‘vident 
that su<‘)i a eatastiophe, even were it to 
oecui’ in such a fa.shion as not to induce 
the (‘volution of much beat, would by no 
m(*a.ns iritrodue(‘ a tinal stateof “d(*ath” 
of th(‘ Solar System, as us(‘d to b(‘ 

IllOllgllt. 

And now for the b(*aring of all this on 
gravitation. irer(‘is a universal force which 
acts in a dir(*etion [)reeis(*Iy opjiosiUi to that of 
gravitation, and which is in certain conditions 
more [lowerful than, in other conditions as 
powerful as, and in yet others less powerful 
than, the more familiar force. 

It is plain, then, that, as we have alr(‘ady 
said, it will not do for any future u rites' to 
discuss gravitathm without referenes* to the 
fact of radiation-pressure. But does this new 
discovery help to give us any clue to the cause* 
of gravitation ? That would he a surprising 
contribution from a source whieli interfe*re*s 
with the action of gravitation. But it appears 
to be coneeivahle. We recall the theory of 
Le Sago, which we have just discussed at what 
might have sea.uned, a year or two ago. dis- 


proportionate? length. Sup])os(*, for instanct', 
that tor the pre'ssure due to the* minute ]>artieles 
pieture'd hy I.<e Sago - partiele*s of which we have^ 
seen that suhseijuent seie*riee* knows nothing at 
all wc substitute* the? pressure* f>f radiation, 
might we not then Ik* ahk; to find a germ 
of truth in Le Sage's theory- inde*e*d nmeh 
more llian a ge‘rm— even though that theory 
require's considerable* moditication in its state- 
ment V 

The subject is ye*t too nenv for dogmatism, 
hut we note* lliat no less an authority than 
Sir George Darwin lately read hefoie the 
Royal Socit*ty a jiape'r dealing with the possi- 
liility to which we have* referred, the p()s.sihility 
of liarmonising I^* Sage's the‘ory of the cause 
of gravitation with the? fact unsusjiecti^d by 
him. the fact of radiation-pressure. 

What we Cannot Understand. It 
would certainly be too much to saj*^ that 
we shall e'ver have to look upon gravi- 
tation as merely the? negative aspect of 
radiation-])re*ssure, just as I^e? Sage imagined 
gj a vital ion to be merely the ne*gative 
as])eet of the re])ulsive‘ pre*ssure of his 
imaginary particles ; but it will be strange 
inde‘ed if there doe‘S not turn out to be a 
most intimate* re*lation lH*tw^e*en these two^ 
universal facts. This, then, is all that 
we* ean as yt‘t ])ossihly say eoiieerning 
the cause of gravitation. It is vague 
and tentative ene)ugh, the* r(*ad(*r may say, 
hut n(‘ve*rtheless it opens out- ne‘w possi- 
hilitie‘s of knowledge and eomprehemsion 
which wore* epiile imsuspeeted hy the* nine- 
te*e‘nth century. 

Finally, let us note how close we are* to 
the inet)n(*e*ival)le. ^'ou eaiuld push eme; of 
Professor Nie'hols' rt't*ording vani's with a |>in, 
eu- hy a [mff of the breath. In each case* some 
mat(*rial is moving against the vane*. Similarly, 
you e*an pusli or “strike?" the vane wdtli a beam 
of light. Put in thi.s ease* though light wave's 
tr.ive*! at a known .spe'e^I nothing material, 
e*ven if we* include the* etJier as material, 
move's emwards, as d(^e*s the pin or the* puiT of 
air. Try to eone'cive* how a thing may be 
struck and move*d hy that which has no mate*rial 
(‘xistenee*. Failing this, try to form a “ ol(?ar 
anel elistinet idea ” of the* that in ejue'stion ! 
Only the mo.st foolish kinds of matt*rialists, left 
high and dry from thirty years ago, think that 
the*v or anyone e‘lse* ean really understand the 
inner nature of Fnergy. 


Continued 
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ContiDurd from 

Varieties of Clover. Twofold Value of the Plant. Root Crops Described ; 
Mangel, Beet, Turnip, Kohl - rabi. Carrot, Parsnip and Potato 


By Professor JAMES LONG 


CLOVERS 

This useful plant (Nat. ord., Lfgnmjnom-) 
belongs to the genus TrijolUim. 'Fho principal 
varieties arc of great value for feeding sheep 
on the ground, and tlius improving both stock 
and soil— for hay, and oeeasionnlly as gn^ui 
forage. They are handsome, A\ith .somewliat 
round-headed l)los,soms and 
compouml leaves, (aveh leaf 
being provided with leailets, 
while the seeds are ])ro- 
duced in pods, or legunu's. 

The chief varieties grow ad- 
mirably upon the m(‘rliuni 
and heavier soils, and are 
sown both for tfunporary 
and permani'nt y)ast\u('s, 
while the majority arc 
found in good meadows. 

The cost of flic seed to- 
gether with it>s weight is 
given in the table below. 

Broad Red Clover. 

This variety [T. pralen.^e) 
bears a round, purplisli 
blossom, witli h^atlets upon 
which are imprint(*d a 
mark resi'mhling a horse- 
shoe. 

The colours of the heads 
of each varit'ty of clover, 
together with the tiny 
flowers thems(‘lves, the 
seed - pods and the seed, 
should be examined by the 
student that lie may be 
practically acquainted with 
ea{?h. Red clover is cut or fed twice in the 
year after it is sown, or it may be cut once and 
subsequently fed or mown for seed. Tliis va riety 
will stand two years, and sometimes more, 
but it cannot be depended upon. ]t is seldom 
» grown more than once in eight years on the same 
field owing to its liability to what is known 


as “ clover siekm'ss.” When sown alone, from 
14 to 20 Ih. of seed are used per acre. 
When converted into liay, the crop should 
yield 3 tons in the two cuts, sometimes more. 
(4over is a most important crop in the ortlinary 
farm rotation, but it is liable to attacks of a» 
parasitic wei'd known as dodder (sc'c ilhisl rat ion), 
th(‘ seed of which may 
find its way into clover 
soimI sample. 

Perennial Red 
Clover or Cow Grass. 
This variety (7\ pratense 
prff'N/fr), which e.arries a 
slightly darker purplish 
blossom of somewhat 
smaller si/.e. is closely akin 
to broad red clover ; it' 
stands longer, but only sup- 
[)lieH one crop for cutting. 
'J’he mark on its leafiet is 
mon' angular than that of 
th(‘ broad red, wliioh, as 
indicated, is more rounded 
in form. 

White Clover. White 
elowr (7\ repvtiH) is com- 
mon to most of the hoavi(?r 
elass(‘s of soil, and though 
its y)r('s»*nce is not apparent, 
it soon covers a tlcld witli 
ri('h herbage in ri*spons(j to 
a good drcvssing of dung or 
phospliate of lime, for which 
reason phosyihatic manure 
is of great valm* on pastures 
as well as on meadows. 

AlsiKe. A perennial wdth a white blossom 
tinged w ith pink. It is a strong, vigorous grower, 
extremely usefid in clover and grass mixtures, 
whether for temporary or p(‘rmanent leys, 
and is especially adapted to the heavier classes of 
soil. It is oe(;asionally used instead of red 
clover, where, ow ing to fear of disease, it is not 
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KtigllBh Nan>p. 

Botanical Name. 

Percentage 
of germin- 
ation. 

Weight 

per 

bushel. 

No. ot 
seeds 
in lb. 

No. of 
germin- 
ating 
seeds 
in lb. 

Coat of 
1,000,000 
germin- 
ating 
seeds. 

Broad red clover 

Cow RraflB, or perennial red clover 
White Dutch clover 

Alalko, or hybrid clover . . 

Crimson clover 

Trefoil, or yellow clover . . 

Hop trefoil 

Birdsfoot trefoil 

Greater trefoil 

tucerne | 

Kidney vetch 

1 

Tri folium pratense . . 
Trifollum pratense perenne 

Tri folium repens 
'rri folium hybridum 

Trifolium incarnatum 
Medlcago lupulina . . 
Trifollum. procumbent 
l.otus cofniculatuR . . 

J^otus major . . 

' Mcdicago sativa 

Aiithyllis vulncrarla 

98 

98 

98 

98 

98 

98 

96 

98 

DO 
i 98 

98 

lb. 

66 

66 

68 

66 

66 

68 

66 

6.*) 

64 

05 

64 

232.000 

218.000 

732.000 

718.000 

118.000 

319.000 

412.000 

360.000 

224.000 

193.000 

227.360 

213.640 

717.360 

703.640 

116.640 

312.620 

403,700 

219.620 
189,140 

3 7 

5 4 

1 8 

1 3 

2 10 

1 2 

2 9 

4 0 

4 2 
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deemed advisable to sow tlie latter. 14 lb. of 
seed are used per a(Te wlien it is grown alone. 
Crimson clover is descri])e(l in the chapter on 
forage crops. 


yellow, 
while Ihc 
p e c u liar 
f(.)rm o f 
the Rf'cd- 
pods has 
given rise 
to t 1) c 
com m o n 
1. o r n^ 
birds- 
foot. Tlu* 

G r e a 1 1 * r 
Birds- 
foot Tre- 
foil does 
not adapt 
itself s o 
well to 
dry soils 
or soils 
which are 
of an ex- 
tremely 
poor cha- 
racter. 

Z i gzag 
Trefoil is 
useful in 

seldom found in seedsmen’s or farmers’ mix- 
tures. The Kidney Vetch, again, is seldoin 
sown unless under special conditions. It is 
common to pastures of various classes, especially 


tho.ne of a sandy character. The student 
will not fail to recognise it owing to the 
peculiar form of its yellow tlowers, eonimonly 
known a^ “ ladies’ fingers.” 

Twofold Value of Clovers. The 
student of agrieidtiire can 
seareely devote his atten- 
tion to any family of 
plants which is of greater 
im])ortanee than the 
clovers. Their value is two- 
fold ; they ])rodu(i(' a very 
larg(‘ (plant ity of forag(' of 
th(^ highest feeding value 
for stock of all classes 
- we iru’ludi' swine and 
poultry — and th(‘y mater- 
ially add to iho h'.rtilitv 
of the soil, even though 
the crops he entiivly re- 
movc'd from the surface. 
1’he clovers, like peas, 
l)t‘ans, v(^1eh(‘s, Ineerne, 
and sainfoin — all of the 
same natural order, Lf'(ju- 
— are known as 
nitrogen gatherers, flow 
th(\v ap|)ro])riate the nitro- 
g(.m of the atmosphere is 
(ieserihed in the chapter 
on soils. Tt is possible 
to grow much larger crops 
than the average. British 
yield hy gr(‘ater liberality 
in t h 0 
cm ploy- 
ment of 
p h o s - 
p li a t i c 
in a n u j* e 
a n d o f 
p o t a s h . 
w h e r e 
this luine- 
r a. 1 is 
n e (1 e d . 
We may 
f u r t h e r 
add that 
if hy such 
a h)rm of 
manur - 
i n g t !i e 
weight of 
a V. r 0 p 
is i ri - 
creased, 

PJSRENNIAL WHITE CLOVER tho ricll- 

n e s 3 o f 

the soil will also be increased, and a more 
than usually successful succeeding crop prac- 
tically ensured. • 

When well fed wi*h the mineral fertiliser 
tlu* clovers an? enabled to appropriate more 
nitrogiui, and thus to produce? more herbage. 
At the sam(^ time, tlu? soil is enriched owing to 
the additional nitrogen in the? roots and the 
unexhauwstod phosphates and potash. 


Trefoil. This belongs, 
table show's, to tho genus 
Medicago. Known also as 
yellowL or hoj), clover, it 
growls upon various soils, 
and is specially adaph?d to 
those which are ])c)()r or 
dry. Trefoil, which issome- 
tinu^H know'll to farnuu's as 
black medick, has a hairy 
stem and loavei, and pro- 
duces seed of a brownish 
yellow, which is frecpnuitly 
used in mixtures, espe- 
cially on down lands, many 
of w'hich are chalky in 
character. The seed sown 
for a ])ure In'foil crop is 
15 Ib. to the acre. 

Hop trefoil, which 
nourishes on limestone 
pastures, can scarcely be 
described as a cultivated 
f)lant. Birdfc'foot trefoil, 
although a valuahh? plant, 
is practically wild, and is 
commonly found in poor 
or dry soils of various 
classes. Its flowers, first 
almost (?rimson, elmngt? to 
hri lliant 


as the foregoing 



ALSIKE CLOVER 



RED OR BROAD CLOVER 
PR, but, like hop trefoil, is 
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ROOT CROPS 

Tlie Mangel. Tlio. mangel (Nat. Orel.. 
Ckcnopodiarem {tietfi vulyari,^} is a biennial, 
deep tap-rooted ])larit, which t)iriv(\s on the 
atiffer soilw, (‘specially loams, in most parts 
of Kngland, tlu* north excepted. 
arc many commercial varieties, whicli are 
divided into the Long Hods, and the (ilohe and 
^Pankard, or intermediate* shaped yellows. I’he 
mangel is grinvn lo large size, and we have 
measured bulbs .‘17 in. in circumference, six 
of whieh scaled LI I lb. It n(*eds rich soil or 
ample manuring, ('s[)ecially rc'sponding lo dung, 
nitrate of soda, and salt. Where tin* dung used 
is small in (|nantity, th(‘se artificials may be 
supplement (‘d by super-phosphate on soil, rich 
in lime, or, wlu'n* this is cit‘lici('nt , basic slag. 
'The seeds grow in capsules, (*ach <»f uhich 
contains from three* to live. 'Phey are souii 
at the rate of 7 lb. to tlie acre by 
the drill, e)r, if dibbled by hand, 
miKrh less ^^ill sutlice, but l)y Ibis 
method they are more- liable* t(» 
be takfm by lield mii'e*. A buslc’l 




tion. The mangel is a suitable food for all 
(jlass(»8 of farm stock. Tt is preserved by 
clamping, or pitting, and is more suitable for 
(consumption after the completion of the year, 
and is often in us(* to the following July. It 
contains more dry matter than either swedes 
(12.J to II) or white turnips (12^ to 8). 

'furnips. The turnip (Nat. ord., (Mid- 
fern ) embraces the sw(*de {Brassica rampestris), 
known as Rutabaga on the Continent, and 
th(* (iommon turnip {Brasdra cawpeHtris Haht)^ 
both tht* yellow and whiU^ fle^shcd. Tt is 
a biennial, and one of th(^ most valu(*d of 
Knglish plants, especially for sheep feeding (Ui 
light land, which 
it (' n a b 1 (* s I fi e 
farmer lo cultivate 
with siuM-ess. The 
swede is hardier 





KC)lir.-K\HI 


of s (* (r d 
weighs about 
21 lb., ca(*h 
T.^NKARD svvKOK lb. coutain- 

i n g o V (' r 

20, (HX) si*eds. Wh('r(? the crop is grown from seed, 
it should reach 50 bushels to the acre. Tl(e 
mangel crop may n^ach any figure, fnnn 10 to 
80 togs per acn*, with J to 5 tons of t()[)s, but 
30 tons may be rc'gaided as rjuite satisfactory. 
It is rich in sugar, of whicli it (iontains approxi- 
mately S per c(*nt., but the projiortion varies 
largely in accordance with the variety. 

The Beet. 'PIm? bed is a modilication of 
the mangel, having been improved by selection; 
may contain over 14 per cent, of sugar, the 
production of which is influenc(xl by abundant 
sunshine. The weight of a mangel crop is not 
an actual indication of its feeding value, for a 
much smaller ero[) of one variety may contain 
a greater weight of feeding matter per acre 'than 
a much larger crop of another variety grown on 
the same soil under the same system of cultiva- 
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T\NK\UI) TURNIP 

and richer than the turnip, 
from w'hifih it differs in two 
points, with the exception 
of one or two commercial 
varieties ; ithasanecik, which 
the turnip has not, wh(*reaH its leavc's arc blu(.*r 
and smoother than those of the turnip. Both 
s\ved(*a and turnips vary in colour ; in some 
the top portion of the bulb is purpl(% and in 
others green. Turnips and hybrids are grown 
in succession as sh(*ep and stock foods, being 
usually consumed before the swede, owing to 
the fact that they will not stand severe weatlu^r. 
1'h(? sw(^de, however, frequently passes unscathed 
through the winter, but it is always a wise 
pre(!aution to lift and clamp or pit it for safety. 

'Piirnips of all kinds respond liberally to dung 
and phosphatic manure. The seed is somti by 
the drill, which deposits the chemical manure, 
whfere this i.s employed, at the same time, 
3 to 4 lb. of seed being drilled per acre, and 
from 3 to 5 cwt. of phosphates. Sowing varies 
w'ith the climate and the soil, but May and June 
are the chief months. The seed weighs 50 lb. 
to the bushel, there being 23 to the grain, and, 
therefore, about 160,000 to the lb. The bulbs 
w^eigh some 42 lb. to the bushel, but individual 
swedes may reach 20 lb, each. In measuring 
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Crops. 

Weight. 

I’hosphoric 

Acid. 

Potash. 

Nltro- 

Ken. 

Turnips with 

Tons. 

lb. 

lb. 

lb. 

leaves 

17 


148 

120 

Swedes, do. . . 

14 

21 

79 

102 

Manuels, do. 
Potatoes with 

22 

49 

262 

147 

liaulin 

6 

26 

] 

76 

67 






Tho depth at which seed is sown is especially 
important in the case of seeds so small as that 
of the turnip, which closely resemble that 
of the noxious weed charlock, belonging to 
the same family. The following table indicates 
the relation betwc'en growth and the depth of 
the soil. 

Inches From 40 Propor- 
in seeds plants tion per 
depth. came up. cent, 

r 1 :u 77 


Swedes : 


MANCIEL SEED 


cjime up. 

:u 

29 

20 

10 


a prize sample wo found that some reached 
37 in. in circumference, w4iile tho lot of six 
scaled 120 lb. Turnips, however, may reach 
almost tho same weight. Wh(‘n the roots 
are singled to 18 in. apart, ther arc lO.’lOO 
to tho aero ; w hen 27 by 
9 in., there are 20,000. 

It was shown by Voeleker 
that turnips grown 10 to 
11 in. apart were much 
richer in sugar than those 
grown 20 in. ' apart, hene(5 
the practice of growing 
swedes and turnips, herd and 
mangel, of medium size, 
and consequently closer to- 
gether. Wlien grown for 
seed, an acre of swedes yields 
about 28 bushels, and of 
turnips 20 to 24 bushels. A 
swede crop grown on good 
land under good cultiva- 
tion should average 20 tons, 
and white and yellow tur- 
nips 22 tons to the acre. 

Tho British average for 
swedes and turnips cover- 
ing ten years is, however. 

Only 12J tons, as against 
18J tons of mangels. Tho 
tops, or leaves, of the turnip 
crops are much heavier 
than those of tho mangel, 
vaiying from 15 to 20 per 
cent. Unfortunately, the 
tops of swedes, like the tops 
of mangels, cannot be pre- 
served; but ploughed into 
the ground they form a use- 
ful green manure. Accord- 
ing to Voeleker and War- 
ington . the following are ! 
the manurial constituents 
removed in root crops. liftd 
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Kohl « rabi. Of this crueiforous plant 
(Brassica olcracea caidorapa), which may he 
descu'ihed as a turnip-rooted cabbage, there are 
two vavicUes, the green and the purple. It suits 
h(‘avy soils, on wliich eabhage thrives the best. 



THE CABROT CROP (Great White Belgian) 
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Ral)i is ono of the most healthy foods on the 
farm ; hardier than tlu‘ turnip, and suitable for 
consumption at any time, it deserves to be 
more (‘xteiisively grown. It j)ossosses one 
advantage not common to the turnip, it trans- 
plants w(‘ll, and thus, if groA\n in a seed-bed, 
it enables the cultivator to devote a longer time 
for the preparation of tlie soil into which it is 
to be rtunoved. Unlike* the turnip, it is seldom 
attacked by disease. If drilled in the held, 
from 2 to 4 lb. of seed are r(‘(|uir(‘d ])er acre, 
but if sown in a seed-bed .‘1 to 4 lb. of seed will 
sufliee for a rod of land. The Wi'ight of tlui 
seed leaches nearly oh lb. to the*, bushid, the 
number of seeds in a lb. reaching about 125,000, 

\v h i 1 c t h (' 
crop ]>ro- 
duced p(‘r 
acre should 
r e a. c h 2 0 


KIDNEV rO'J’ATO, SIJTTO.N S IDKAL 

Field Carrots. The held 
carrot {f>. carnfn ; Xat. ord., 

U mhelUjcrtr : genus Daunts) is 
a biennial, growing best in a 
dee]), tine, light soil, excluding 
those of the lightest character, noi/Nf) eoTAi 
whik^ not thriving in tlu* vvinosoh 

heavier soils. Although costly 
to grow', the carrot is one of the best known 
foods for cows. Umh'r good cultivation it is 
grown to enormous size, and provid(‘s a crop 
of from 14 to IS tons piu* acre, or even more. 
The seed sown (Id lb. to the aen*), mixed for 
convenienc(5 W'ith sand or liiK' ashes, weighs, 
in its natural condition, 15 to IS lb. to the 
bushel, a lb. containing about a quarter of a 
million seeds. 'Fhe leaves, although small, form 
an excellent addition to a ration. 



skins of different colours, white, pink, and dark 
pui’ple. It prefers a light loam, and best of all 
a rich sandy loam, but it is grown with more or 
le.ss sueeess in most soils exee])t heavy clay. 
In Ireland it is largc^ly grown in peat soils, in 
beds known as “ lazy beds,” with turni])s 
between. In England it is usually planted in 
trenches, which are formt'd by the rulgifig plough. 
The soil must Ix^ tine, deep, and in good e-oiidition. 
Jkitatoes are m^w' being grown on an increasing 
scale under glass for early consumption, and 
in the tields from tubers xyhich have; b(‘en en- 
couraged to sprout before setting, the practice 
resulting in an earlier crop. 

The potato is really a tuber, or underground 
stem, like the artichok(5, and is extremely 
rich in starch, the real fruit of the plant being 
the berry, which resernbk's the tomato in this 
respect. Seed potatoes, or tubers, are known 
as sets. Thes(‘- are not the real seed, and con- 
st‘<piently new varieties eaimot be produced 
from them. A si't should eontaiii 
at l(‘ast two ey(‘s or l(‘af buds. It 
should be of good shape and size, 
dry and round. Jjuge sets arc 
frequently eiii, and in this case it is 
preferable to use the rose, or large 
(‘ud. In the reproduction of costly 
varieties, tubers are frequently 


HOl/Nf) POTATO, SUITON'S 
VVrNDSOH CASTLB 
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The Parsnip. The fiarsnii) (genus, PaslD 
nara), of which one spccii'S is grown (U. 
satira), is a hardy biennial, growing most 
freely in the lighter soils, (^sp(‘cially if rich and 
deep. Like the carrot, it is an excellent- and 
SAveet food for cows, and is easily kept through 
the winter t‘ithcr clamped or in the ground. 
A good crop exceeds 12 tons to the acre. The 
seed, G to 7 lb. per acre, is drilled, and is better 
mixed with sand or very finti .soil ; its w^eight 
is 15 to 18 lb. per biislu*!, and there are about 
10(),(K)() seeds to the lb. 

Potatoes. There is only one species of 
the potnto grown in agriculture (S. tuberosvm; 
Nat. ord., J^olanacea'; genus, Solantnn), but 
there arc many varieties, old onc^s being 
abandoned wlu'ii they fail, and new ones pro- 
duced. The potato is growm in tw'o forms, 
the kidney, or lluko, and the round, and with 


t w’ o pebble potato, su'iton’s DISrX)VE«Y 
eyes ; 

the quantity of tubers, seds, or seed, plan t(ul 
per iKTo, ranges from 25 to 30 busluds, ac{;ording 
to their size, a piled bushel weighing 5G lb. 

The English crop, which is the largest in the 
xvorld, averages about G tons to the aero, the 
British average being 5J tons ; but under high 
cultivation 15 tons, and even more, have l)oi*n 
grown. Tho potato is manured witli diing and 
artificials ; in soils liable to drought it is pnj- 
forablo to employ half a dressing of dung, 10 to 
12 tons per acre, with a complete artificial 
manure combining nitrogen, phosphoric acid, 
and potash, the two latter being deposibxl in the? 
drills at seeding time. The yield of the potato 
crop depends upon the vigour and suitability 
of tho variety planted, tho manure employed, 
and tho thoroughness of the cultivation. 
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TRAVEL 

OUTLINES OF EDUCATIONAL TOURS ABROAD 

7 

Itineraries which will enable Travellers to witness the leading 

Contfiiuod from 

sights of Switzerland and Italy ^^thout waste of time 




By J. A. HAMMERTON and WILLIAM DURBAN, B.A. 


SWITZERLAND 

No other country deserves so well the epithet 
of '* the playground of Europe.” The Swiss have 
not only a national genius for inn -keeping — 
so that their hotels are the best in the world, 
taken all round —hut they know that their 
marvellous little land is an epitome of all the 
most magnificent types of scenery. And they 
have made their “Tourist Industry” quite a 
special vocation, laying themselvc'S out in all 
directions to provide for the interests of visitors. 
Nowhere on the surface of the globe are tlie most 
attractive scenic phenomena of mountain, lake, 
valley, torrent, and glacier proseiittul to tlie 
eye in so compact and accessible an area : while 
the attractions of the cities and villages, and 
of the simple and unsophisticated people, arc, 
in themselves, inexhaustible. 

Very much may be seen on each single day 
of a visit to Switzerland by nuNUis of^thc short 
excursions to various lovely spots, all within 
easy reach of this or that centre. Suppose that- 
the visitor to vSwitzerlaiid for the first time can 
spare only a week or ten days. He would be 
wise to attempt 'nothing more than a tour 
through the Bernese Oberland. Even in that 
brief time he could enjoy deliglitful glimpses 
of the glorious scenery to which Berne is the 
gateway, stopping a day etich at such places 
as Thun, Interlaken, Kanderstog, and Mcir ingen. 
But though he could not do much more, he W'ould 
know for the rest of his life what the sublime 
aspect of one Alpine range means. He w^ould 
probably resol v^e on renewing and extending his 
acquaintance wdth those scenes of enchantment. 

A Fortnight in Switzerland. If care- 
fully planned, this will bring within the vierv 
of the traveller very much of the country. 
He must, of course, not linger long in any one 
centre, hut the distances are so easy that travel 
is much more facilitated than in most other 
lands. It is quite possible within a full fortnight 
to visit certain portions both of the Bernese 
Oberland and also of the southern section of the 
country, where the Valaisian Alps rear their 
stupendous summits. 

First Day, From London to Genova. 

Skcond Day. Tho rict\c«t and larjyest of Swiss 
cities is Geneva- It is tho city of tho Roforrnution. 
Tho day will bo spent in surveying tho momorinls of 
that wonderful ora. Tho Cathedral, with ilio beautiful 
Chapello des Macchabt^os, contains black nmrhle 
monurnonts and sarcophavd of Dukes Henri do Rohan 
and Tancred, and of Margarc*t de Sully. Calvin’s 
chair is under tho pulpit. Tho hamlsome fpwys and 
fine shops, tho superb view of the Mont Rlanc range, 
and the lovely lake prospects combine to .render 
Geneva a piaco of peculiar charms. 
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Third Day. This should bo devoted to excursions 
from Geneva by the lake steamers. Amongst tlu^o 
the favourite trips are to Edux Vives, V e&maz, 
Coppet, Eyoiif Montreux, and ('hillon. Tho visitor 
lias an ami)lo choice for a delightful day. 

Foitrth Day. From Genova, vm Lo Fayot, by 
olectrio railway to Chamoni-X. Excursion to the 
Mvr de (llace. This j\eods no guide. Tho scene is 
marvellous, for the visitor is in tho midst of tho 
grand Alps of Vnlals and is Iw tho side of a mar- 
vellous glacier. Movt JJlnn-c towei-s abo\ o all. 

Fifth Day. Tho excni'sious in tho Valley of 
Chamonix are of incomparable beauty. Rut the 
tourist wall, of coui*s(', choose that to the Pavilion de 
la J'ivrre Pointuc, overlooking tho illncier des Poissons. 
Or lie may rriako the easy ascent of Iai Flnjere and horo 
also enjoy n wou<lerful prospect. 

Sixth Day. From Clinmonix to Mahtiony by 
tho The Noir. ’rids journey over a grand, wild pass, 
will make .a inomor.able day. 

Seventh Day. liy train to Visp and Zewmvtt. 
At the latter place the \’isitor liiids l)irris<'lf in per- 
haps the most .su])r<‘melv attrae-t ivo Sfiot in all 
Switzerland. Jh'foro him rises Iho Matterhorn in 
all its glory, with tlie Hreilhorn and tho (Haciers of 
St. Thtodule in full sjow from tho ])latform of tho 
Zermatt station. JFere is tho very “ snnetuary of 
tho Spirit of tho Alps.” Tu tho churchyard and 
also beside th(‘ Kn/fti>^h Church are tho graves of 
several victims of tho iMatti'rhorn disaster. 

Eighth Day. Kxeursioo from Zermatt to the 
Corner Crat and Pificltierq. Hero .are the grandest 
views in Switzerland. Tho mountain panonuna is 
incompnrabh*. 

Ninth Dav. 'I’he tourist now lea\<'s the Valaisian 
Alps, and is about to enter tho Rernese Oht'rland 
for the .second scediou of Ids tri]). I.ArsANNK is a 
very pleasant city int('rludo betwoim the mountain 
experience's. \ day here i.s delightful. The navo 
of tho Cathedral is maguiricent, and tluv many rntmu- 
ments in it are very fine. Tho town, on its terraci\s, 
coiuinamls splendid views of the Alpfi of Savtiy, 
especially of Mont Rlanc. 

Tenth Day. 'I’iii’n and Interlaken. Tho 
tourist can choose hrov lie wdll divide his time at these 
two cliarming spots. Ho wdll enjoy that view of 
the iieerless Jumjjrau wdiich can ntwer 1^ forgotten, 
and he can take little trijis on oitlier of tlie lovely 
lakes, Thun and lirienz. He should not fail to go 
along tho latter, laiwhng to see tho famous Ciesahach 
FalU. 

Eleventh Day. At Meirinoen, the grandest 
gorge in Europe inviU^s a stay. In the A or 
are those tremondous Falls of the PeJchenbach written 
about so romantically by Sir Conan, Doylo in con- 
ne<*tion with tlio “ Adventures of Sherlock Holmes.*’ 

Tw^elfth Day. At Lucerne tho tourist rests by 
one of the loveliest of lakes. He will see the famous 
wooden covered bri<lgo over tho Limmat, and will 
admire tho beautifully situated town. Rart of the 
first day should bo occupied by a trip up the Sonnen- 
herg, where refreshments may bo enjoyed while the 
enchanting prospect is surveyed. 

Thirteenth Day. Basle will repay a stay of a 
day at the conclusion of the tour. The lihine is here 
a noble stream. In the Cathedral are to be seen the 
wondorfixl old frescoes of the Death Dance, as well as 
collections of modiaoval curiosities. 

Fourteenth Day. Tho return journey to England. 
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Longer Tours. T/irec ?iwA*.s would enable 
the touriftt to stay lonj^cr at l^\i(;erne in ord(*r 
to ascend tJio Rigi and Ribitus, each being 
scaled by a cog-railway. He could also devote 
two days to Beme and then give a day each 
to Zuvicli and Neucliatcl. A 7fio'nfh would add 
the additional d(*light of a slay at (Irimhdwald, 
where ho ‘would make ac(iuaintance with the 
Jungfrau at close ((uarb'rs, with the \Wt t(M*horn, 
Eiger, and Mbiicli. Ho would go to Hiirren 
and to the ]..auterbrunncn Valley, and might 
even visit the Rlioiu^ Valh'y, going up the 
Grimsel Bass over to Meiringen. 

Expenses. The expense of travelling in 
Switzerland is not great. Ituh'od, many wlu) 
must study economy, and must * 1)0 cont('ntwith 
a few days, manage to apiaid a delightful week 
in the eountry at a eost of five guiiUMS. Hut 
it is safe to reekon that a comfortabU; tour in 
Switzerland runs th(i tourist to tJio ox])onso of 
about a guinea a. day. Eares from J.ondon to 
Geneva arc; Eirst class, single, €4 His. Id.; 
i’(dum, £7 J2s. Od. Second class, single, 
£3 7s. 2d. ; returii, £5 t)s. lOd. Ibit for a 
mapp(‘d-out plan the tourist sliould adopt the 
rundreisii sysl (‘in, as this circular tiek<‘t eiiahh^s 
liim within the country to eib'ct a eonsidiT* 
able rediK'tion in tho faro. The particulars 
are always easily obtained at any of tiui 
agency oliicc's. But, of course, a speeial route 
must bo decided u{)ou. 

The cost of living in Switz(*rla.nd is v(‘ry 
moderate. Tlui manngcTs of tlu'. hot (‘Is have 
learned to eat(‘r specially for Anglo-Sa.xon 
travellers, '.riu* eliarges vary gr(‘a.tly, but the 
average expemso for a day and night, inclusive 
of everything, may be reckoned ai 8 francs a. 
day. Eood cvervwli(‘re is (‘xec'lU'ut. At the* 
chalets during long Al])ine walks milk may be 
obtained, but it is often tlu* only thing availahh*, 
so the tourist should take a small supply of food 
from his hotel for the day. stay in the towns 
and to miss sucl) waJks is ti» fail to I1 m‘ real 
Switzerland, therefore tJie tourist should tr.i.vers(^ 
one or two of the glorious jiasses, such as thoS(‘ 
already named. 

Books to Read, (^anon Bonneys “Al- 
pine Regions of Switzerland,” liord Avcjniry’s 
“ Scenery of Switzerland,” J. A. Symond’s 
“ Swiss lliglilands,” Dr. V. Maimiiig’s “ SAviss 
Pictures,” Stephen’s “ Plavgfound of Europe.” 
ITALY 

Wherever else a traveller may have jounieyed, 
he cannot feel that lie has rounded off his ex- 
jiericnces as a tourist until he has seen Italy, 
the land which is the fairest “ favourite of the 
sun,” the supreme delight of poets and artists, 
ttie marvel of history, and tho gardi nof Eairope. 

Many of tho noblest Alpine summits crown 
its scenery above the enchanting lakes of the 
north. All its immense? coast-line is fascina- 
ting. And tho long rai)g(\s of tlic Apennines 
— with old cities of Etruscan, Roman, and 
medifcval origin, in wJiich ineomxjarable treasures 
of art are enshrined perched on th(?ir crags — 
hide in their recesses and valleys countless 
exquisite beauty-spots. In this glorious penin- 
sula the tourist finds the very acme of the 


delights of travel. A tour in this land ministers 
equally to health, to t<‘er<*ation. and to (‘duc-ation. 

Italy is a vast world in itself. No otliiw land 
tccm.s Avith so many centres of attraedion. 
Tho immense length of the peninsula rondervS 
it impossible for the tourist in a brief trip to 
visit each si'ction of the country. North Italy, 
(’entral Ita.ly, South Italy, and Sicily need 
attention on Sepai'ato tours. P>ut the two 
first dmsions may he se(‘ii and enjoyed in a 
cursory mann(‘r on a single tour, and the sajiie 
remark ai)])li(‘S to tho la.st tAvo. Tho best 
I'cgiiining, supposing tliat tho traveller Avish(‘s 
to take a forliiiglit in some of the ehoic(‘st 
port inns of the country, may he (*asily indicated. 

A Fortnight in Italy. If possible, this 
h'ligtb of lioliday should ho arranged clear 
of tho time needed for reaching tlu'- borders 
and for Hie hom(?ward journey. We Avill map 
out the A ery lH‘st i)rograjiime for a lirst tour 
of this lengtli. 

FlHST l)AA'. IMio tmin-il, slitmld pron'ml din'd, 
to Como ])y way nf llio Si. Cotliard iniiluuy and 
I..ii«Iiuio. d’lio luicli'nt inarUla ('athcflral^ with the 
iiuigiiihcout, inrtm-o of ilje Adoration of tho Mapi, 
l»y bnini, is alone worth thu wliolo journey. TaUe 
ouo of the eucliautliig trips on tho lake, preferably 
that to lUlhtffio, 

Spcond Dav. Coiup on to Mita.v, visit e.arly in 
tho morning tho ineoin|)aial)lo (Uithr lrnlj ono of tho 
wond(‘rs of the world, Avith its DS Cothic turrets and 
tho 2,000 rnarhh' statues on tho mighty roof. Frf)m 
this roof enjoy 11 h' woiulerful .Alpine view of Mont(? 
Hosa, IMout Hhuie, and tho Matterhorn. The 
ricture. (•olhrif iu tho IJn ia I'ala/./.o. 'TIk' gem of 
tho volh'ction is Itiiphaops “ Sjxisah/io.” 'Pht) 
i'/iurrh of J,(>r('nzi>, tho most auciout in Milan, 
belongs to the fourth ooiitury. 

Timin Daa'. This also Avuuld ho spent at Milati. 
'Pho dalUria V titono Knnvanut li\ the largest ha/.-iar 
in Knropo. riazzd ilrlhi w 'lWi \]\o marble 

monument of Jjeouardo da \ iiu i. The nuiguilieent 
triumphal areh built by Napoleon, <'a.ll('d the Arro drl, 
Svmjnone. KNeni-sion to tbo nlil moiuistery of Snutd 
Mtir'ui (JrlJe contaiuiug tlio famous pieiuro 

of tbo ‘ J.jut Supper,’ by Leonardo da \'iuei. 

Fooktu J)av. Arrive nt Ce.soa. Tlio Paln.:zo 
with famous ]>ietuve galle.ry, c’Oiitaiuiug many 
inasterpi(<ces of Titian, Van .1 >yek, laiiui, \'eronese, 
Huhens, <?tc. Tla^ l*ahizzo Jiinncoy uith smaller 
hut e>ce('llont pieturo galle-ry. Tho f*ahizzo Durazzn^ 
noted for its picluro gallery A\ith many worlvs of tho 
great painters of tho Bov<*ntoe.nth eeuiury, 'Pho 
Statue, of (U)luuibu.<t^ nea,r Iho Jtarbour. 'Pho Cnmpo 
SantOy oidohrated for Jts Ix'autiful monuments. 

Fifth Daa'. Next iu order would eomo SeKzrA, 
tho Tortsmouth of Italy, superbly situated. Iloyal 
doekyanl. LoA'ely e\e.ursio;i along the bay to 
Porto Venerc. Ruins of aneient Church of S. Pietro 
on site of a ti'm])lo of V»'nuM. Or, if ])referrr'd, take 
tho etjually delightful steamer trip by other side of 
tho magniticeut bay to Lcrici. 

Sixth DAA^ 'ITis M'oulfi bring tho tourist to 
Fisa, one of Italy’s most attractive cities. 'Phe 
Santo., with exfiuisito monunicnts aiul miaiut 
fn'seoes extolled by liuskin. Tho Avcmderhil white 
an<l black nuArhlo Calhcdralf Lmnituj ToweVy and 
IJuptititcry. 

Skvfnth Dav. Two days at least would have 
to ho devoted to FnoiiENn:. 'The Cathedral, with 
glorious fa(,ado of coloured marble. 'Tlio famous 
liaptistcrpy with tho bronze doors called tlio Catos 
of Paratlisn. (Lotto’s Marble, Tower. 'The Cffizi 
PalacCy with pic^turo galh*ry c(»ntaining many g(?ins 
of art, including 'Pitian’s “ Venus of Urhino,” 
Haphaol’s “ St. John,” Durer’s “ Adoration of tho 
Magi,” etc. 
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Ktghth Dav. On tlio soronddny in Flovruoo 
tho J.nmf Armt, and walk in l!io ('a.sr.inc (tnrthnifi. 
Tho Gli\jrchos of i^nnia Murid Sordid and San Marco. 
Tlio M(i}i.astcr<i of San Marco, witli tlic fainoiiH juunt- 
ings in i'lio crilH, l>y Fra Angelico, aiul ila^ moinoriiils 
of Savonarola. The l‘ahirr^ with tho world- 

famous j>icturo galk'ry, containing 8U])orIalivo gorns 
l\y tlio grcAtost masters. 

NixTir Uay. Ono would now como to Sirxa. 
Tho hlack and white inarhlo Cnthetlral^ full of famous 
rncdiawal wondcis. Tho pavimicnt ])ictur«'s on 
marhlo aro the most famous of th<' kind in ('xistonco. 
The far;a(.lo is of indcscribahlo beauty. Siona is 
tho most beautiful of all tho “ hill cities ” of Italy. 
Tho Church of »sVm J.kmiruico, with tho lovely ohnnol 
of St. Cathorino. Tho House of »S7. Catherine. Tho 
Palazzo Cominuwilc. 

Tknth Day. Spend at Orvieto, magnihcontly 
eituatod on ft crag in tho Aponninos. I’lu' Cathedral^ 
in black and wliito marble, almost rivals that of 
Siona, with its glorious fa^ado and majestic navo. 
TJjo famous wt‘ll with two staireas<\s, lined with 
maidenhair. 

KiiEVENi'ii Day. In two days many of tho chief 
glories of KoMFi may bo sec'u. 'rhe ^ isitor who 
cannot, stay longer shoukl proceed thus tho lirst day: 
jS’L IV/rr’.s GoZ/irz/ro/, the dome, th»' “I’ietu,” by Michael 
Angelo, the chair of St. I'etor, th*' Omih'ssio, with 
89 evor-huniing lamps, the .Tultilc(» lUtur, iu mosai<', 
etc. Tho Vat icon Ihtlacr^ tho largest in the world, 
and tlio homo of tlio I’opes. Hen' is tho eelohr.alod 
Sistine Chapel, with tho wonderfid eeiUng hy Michael 
Angolo, atul fn'seoos by groat mast cl’s ; and also t lu' 
world-fftmod Ilapbaol Kooms. 'I’lie Church of i^t. 
John Lntcran. Tbo Jfnhf i^taircasc. The Clmreh 
of St. Maria Moipjiorc. Tho Church of St. I'aul 
Without the Walls. 

Twelvttt Day. Tho second day in Romo should 
bo given to tho Forum, with its e\( raordinarv <'x- 
cavations shoving tlu' central h'at ures of Am’ii'iit 
Romo; to the Arch of Titus, on which is sculptured 
tho triumjihal entry into Romo with tho spoils of 
Jerusalem; tho Arch of Septimus Severns ; tho 
Baths of Caracnlla ; Trajan^s Column ; and the 
maj(¥itic Coliseum-. 

TninTEEXTH Day. At Leououx. Tin* piotnrosrjuo 
Tfarhour, witii its viovg of Flba, (Jorgona, and 
C^apraja. Tho (riardinn dri Jhuini. The Corso, with 
its coral and m<»saie sh(»]is. 'jiie colossal statues of 
Carlo Alberto and Ferdinand III. 

FouiiTEENTir Day. 'The last, day would Iw' spent 
at Turin. This city is tho ca]iit»d and crown 
Piedmont. '^Hio noble Supereta Cathedral, on a lefty 
hill outside th<' city, is tlu' hurial-ydaeo of tlo' Princes 
ofthoHouso of Savoy. Tlie grand, wide k( roots of 
Turin, tho lino at at no.s, tlio splendid Rho]iR, ami tho 
picturesfjuo yiiazzaa make a visit as interesting as 
it is delightful. 

A Tour of Three Weeks. This would 
enable the visitor to Italy to enjoy an oxtension 
of his tour (‘ithor to the other lakes — (hirda, 
Maggiorc, Orta and Lugano— or to the cities 
of Verona, Padua, tind V'-nicc, Tlu^ former 
would take him into tlic sconos of tlu* greatest 
beauty, while tho latter would bo of ineom- 
parablo interest. Tlio fonnor is rojiloto with 
everything that could delight tho oyo of tho 
artist. The latt(*r appeals to the elassio student 
with irresistible charm. 


A Tour of a Month. If at all possible, 
a month should bo spent in Italy, and this w^ould 
<*nal>lo tin* iraveller to include both extensions. 
Or he migid choose* one of them, (*ither the lakes 
or the cities, for a week, and then spend tho 
fonrlli week in Na})I(*s, taking in (^apri, Pompeii, 
Sorrento, l*a^stum, Amalfi, and Saku’no. Five 
wfch^ would he ample for both tho above ox- 
fensioas, and also this enchanting excursion to 
the South. A sixth week would make it easy 
to see something of Sicily, taking in Palermo, 
Messina, Taormina, Catania, and Syracuse^. 
'Phose who can atVord the time and the mon(\v 
may thus in six weeks traverse tho whole length 
of Italy, and become acquainted wuth many of 
its fairest and most romantic scenes. 

Expenses. Tlio expense of TtaJian travel 
i*: not at all exlravaganf . The t(.)urist sliould 
reckon that on an average h(' will rt'quiro at least 
l.is. a day for tra,vel and liotel (‘xponsos. If 
lie chooses the iiiK'st hoti’ls in Rome he wall, 
of course, find his hills consUh'rably heavi(‘r. 
Rut in tlu*. small towns tlu* charges are oftc'ii 
exceedingly modt'rale, and the distances from 
town to town arc short if a single district 
be chosen. Ik'sides the (‘xjiense thus indicated 
is to Ixueckoned the faro from J^omhm to ^lilan : 
Kirst class, single, £(> .‘Is. 7d. ; n'torn £10 Os. 7d. 
Second class, single, £4 7s. ; return, £7 2s 8d. 

In no country is travel now mack* mor(^ 
comfortablo than in Italy. All the citic's of any 
size are wtII provided w ith trannvays. St (aim 
and (‘lectric roads comu'ct tho suburban towns 
wath tho la,rg(T cities, (‘abs arc elicapcT in 
Italy than in (’i(li(*i‘ our owm connlry or Franco. 
A cab with a singh* horsi^, costs 1 franc a course 
by day, and a franc and a half by night. 

Food. Food ill Italy has some peeuliaritii's. 
The cotTc'e is almost universally largely mixtxl 
with chicory, hut tho decoction is V('ry xvhoh*- 
souK* and is w (‘ll jirepared. 'J'lio broad is every- 
whtT(i of very goo(l quality. “ Alaearoni con 
pomidoro ” is a very popular and most delicious 
dish. It is a prepara t, ion of macaroni with 
tomatoes. Olh e oil is used in oouiiiless articles 
of diet, aiul so are onions and garlic. 

Books to Read. The (‘ntertaining litera- 
ture on Italian travel is voluminous. We re- 
commend tlu^ intending tourist to read Villari’s 
“ Ib're and 'llien'iii Italy,” Penneirs “ Italian 
Pilgrimage.” Hare’s “Cities of Italy,” Mae- 
quoid’s “ Pictures in Umbria,” Egerton’s “ Hill 
(Jities of Italy,” Macmillan’s “ Roman Mosaics,” 
Marion Crawford’s “ Ave Roma Immortalis,” 
Huskin’s “ Mornings in Florence,” Mrs. Oliphani’s 
“ Makers of Flonmce,” 1). Pidg(‘on’B “ Venice,” 
W. D. HowtIIs’ “Vi'notian Studies,” A. J. C. 
Hare’s “ Walks in Rome,” Dr. Alexander 
Robertson’s “ Bible of St. Mark’s,” Villari^s 
■‘Italian Lift?,” Mrs. King’s “Italian High- 
ways,” etc. 


Continued 


948 







ELECTRICITY 


coil of copper wire, the magnet ought to induce 
a current of electricity in the coil. But it did not 
when the experiment was tried. How to con- 
vert magm^tism into electricity still remained 
a problem. 

When B araday set to work ho began by coiling 
wires round wooden rods and wooden blocks ; 
two y ires, not touching one anolher, being c.are- 
fully coihid side liy sid(j so as to lie close b(‘side 
one another. He joined up one wire to a 
battery so that a current flowed along it. Then, 
joining up a galvanometer to the s(‘cond wire, 
lie looked to s('(^ whether any trace of current 
Avas induced ” in the sc(?ond wire hy the in- 
fluence of the (airrent in the first Avire — and 
there was non(\ He varied the experiment in 
several ways, but obtained no success Ixyond a 
faint disturbaneo in the galvanometer, which 
occurred only if tlus galvanometer Avire Avas 
joined up first, and the connection of flic other 
wire to the battery Avas made afterwards : and 
then the distur))anei‘ Avas only momentary, 
at the instant Avhen llie l^attery eonneetion Avas 
made or broken. As fo any fe(‘ble eiiiTiait 
such as he liad expj'cted tlnuA' Avas non(\ But 
the faint disturbance Avas a liint not lost on .so 
keen an obs(‘rva‘r. If showed him that he must 
look for a transient idleet, and to observe it the 
bett(U’ he const riiet(‘d ik'w apparatus. This was 
tried on August ‘ibth, 1S31. 


and the 
1) a 1 1 (uy 


Faraday’s Ring. Faraday liad made a 
ring [37] of soft iron. Tt Avas forged by a 
blacksmith of iron rod 4 incli in thickness, and 
was () in. in external ilianudcr. On this liug 
were weuiul two coils (A and B) of insulated 
copper wire ; there bi'ing 72 feet in coil A, and 
00 feet in coil B. This 1 ing Avas used as folloAVs. 
A battc^ry of ten small lu'lls was prepared fo lx; 
connected to coil A, while coil B Avas joincHl to 
a simple galvanometer made of a (.'oil of Avire 
passing over and uiuhu: a f*omi)a.ss 

needle. On the circuit ( |^\ between 

^ I j j f^’oil A 

) . was an 


imme- 
J " diafi'and 

BarTCI^ tran.sient effect on the 

galvanomettT in the 
B circuit ; its needle 
Avasdefleefed, oscillated, and finally settled doAvn 
in its original position. On hr eaki n (/ ihr vonnrv- 
tion Avith tlu' battery, the galvanometer again 
showed a tiunporary disturbance', but the 
deflexion Avas in the direction opposite to that 
of tlie dede'xion wliicli oceurnid on making the 
circuit. As the two coils A and B Avere quite 
separate, electrically, from one another, it was 
clear that the current in A ha<l currents 

in the coil. It was also clear that the iron ring 
had a share in the ojieration. In fact, when 
the currtmt in A was turned on, the circulation 
of the current in the A coils iiad magnetised 
the ring ; and Avhcri tlu? current in A was turned 
off, the iron ring had ceased to he a magnet. 
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'flic magnetism of the iron core had obviously 
acted on the (roil B, and had inductively gener- 
ated currents in it. 

Induction by Steel Magnets. On 

the third day of the expetiments Faraday 
\^•l^ied the plan of experimenting as follows. 
He had seen that in the ling experiment the 
magiurtism made by coil A w^as evidently the 
agent which acted on the coil B ; and he tested 
the matkrr hy changing the apparatus so as 
to use the magnetism of common magnets of 
steel in.st('ad of the coil A, which, with its part 
of the ring core, had act(‘d as an electromagnet. 
Accordingly, lie connected the galvanometer 
by Avircs to a new ]i-coil not Avound on a ring, 
but wound on a short cyJindtn’ of soft iron ; and 
magnetism Av^as imj)art(‘d to this core not by 
any magnetising coil, but by 
bringing info contact Avith its ends 
the ])oles of two bar magnets of 
steel. 'Die aiTangenictit is depict ird 
in 39, w lierotlu; pole 
are marked N‘ and S. ^ 

Fv<‘ry time tliat tin' / ' 
magnetic ^ contact at N 

or N was 

b r o k c n , ^ ^ ^ 

motion in |K ' indicating 

g a 1 vano- niider, sbow'ing 

the prescnct' of transient induced em rents in the 
coil. Hence, as Faraday n'cords, lu're Avas a 
distinct ('volution of eh'ctrieity by tlie aid of 
magnetism. 

Motion Kssential. 'riur cireumstanec 

tluit these (‘IVeets Avere transient, and that no 
curn'iit, nut e\cu the h't'blest, w^as generated 
vvhihr the magnids remained in eontacd, ex- 
})lained the failure of so many pt‘(‘vious attempts. 
The missing factor in all llie futih? attempts 
had been motion, or Avhat w'as its equiAmlent, 
change in the magnetie state. The magnet 
rc'it, or the electric; current liowing Avith uniform 
intt'nsity, i>r()duced no indavtiva fiction on. the 
neighbouring cop])cr Avirc'. The magnet must 
mov(', or it induct'd no current-. The current 
in coil A of the ring must ecpially not be a 
(Mirren t at rest ; it must bo .a current that 
is growing in strength, or a current that is in 
the act of dying, if it is to ac't inductivu'ly ; for 
it is (jnly Avhilc the current is changing its 
strength that tlu? magnetism diu? to it under- 
goes change. 

Movement of the Magnet. On 

the fifth day Faraday used a hollow cylindrical 
coil mad(' by coiling 220 fec'-t of Avire around a 
jMistcboard tube'. This coil Avas joined up to 
the giilvaiionud-er. H(‘ tlam took a cylindrical 
bar magnc'T of sttxd 81 in. long, and } in. 
thick. On plunging it (40] into the coil the 
galvanonu‘tc?r needle made a quick movement 
to one sid(', and then returned to its zero. On 
pulling the magnet out, the needle again moved, 
but in the opposite direction. Hero, evidently, 
an eloetromotive irnimlse was induced by 
more approximation of the magnet, and not, 
as in the ease of the iron ring, by fonnation of 
the magnetism in the stationary iron. Further, 
as the magnet used in the operation lo.st none 




of its magnotism during uso, tlie energy which 
propelled the current must have l)e(‘n derived 
from the movement of the arm. It was the 
mechanical generation of a cmrrent by the ex- 
penditure of energy rather than any conversion 
of magnetism into eKudricity. 



were moved asunder the lu^edle was dellected in 
the opposite direction. Soft iron electromagnets, 
when used in the same way as the ]><‘r- 
manent magnets, also produccid inductive 
etfeetwS in a neighbouring coil. Faraday 
christened the phenomenon he had thus 
discovered by the name of 
magjfieto-electric irul ucUon. 

Faraday’s Primitive 
Dynamo. On the ninth 
day of Faraday’s experi- 
ments he was able to con- 
struct a “new eh'clricial 
m achi n e. ’ ’ l^orro w ing the 
most powerful compound 
magnet he could procure, 
he allixed to its poles, 
in order to concentrate 
its magnetism, two pole- 
pieces of iron set about 
jin. apart. Into this polar 41. imkadav^'s niso 
gap, where the magnetic dyistamo 

field was strongest, he introduced a wheel or 
disc of copper, 12 in. in diametu’ and 1 in. 
thick, fixed on a brass axis mounted in frames 
so that it co\dd ])e rtwolved. Against the t*dge 
and axis of this revolving disc Ik* j)i(?ssc(l colh'ctors 
of springy metal, and llu*se lie connected by 
wires to the galvanometer. Fig. 41 shows the 
apparatus. On revolving the disc by hand 
a current was continuously generated, which 
produced in the galvanometer a steady deflexion. 
The direction of this deflection was reversed 
when the direction of rotation was reversed. 
“Here, therefore,” ho records, “ >vas demon- 
strated the production of a permanent current 
of electricity by ordinary magnets.” 

This was the first primitive dynamo. 1’he 
name, however, of dyiiamo-electric machine. 
was not used till 1807, when Brooke coined it 
to connote all such machines. “ A dynamo- 
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electric machine will be one in which dynamic 
(*n(*rgy is employed to produce an electric 
current.” 

Faraday further pointed out the important 
part in all these ox])criments and apparatus 
plavc*d by the invisible magnetic lines (p. 500) 
of the magnets. ITi.‘ showed that in order to 
create any of these inductive cfiects the copper 
conductors must so move as to cut across the 
magnetic lines, or else the magnets or magnetic 
lines must so move as to “ cut ” by the copper 
conductors. In fact, the induced elect ro- 
niotivi; force is projiortional to the number of 
magnetic lines cut per second. 

Spark from a Magnet. In these 
splendid ten days Faraday had harvested a 
crop of now facts, new relations, and new 
])rinciples, d(*stined to immense development. 
He did not rest till he had shown that those 
induced currents could, like the currents from 
batt-erie.s, protluce sparks and shocks. A simple 
piece r)f apparatus for generating a 
spark is depicted in 42. On the poles 
of a horse shoe magnet rests a short 
bar of iron, ])rovidcd with handles. 
Around the bar is wound a 
coil of wire, one of the ends of 
which is connected to a spring, 
making contact lightly against a 
metal button joined to the other 
end. On suddenly snatching 
this coil off the magnet a current 
is generated in the coil, and as 
till*/ sprng chatters at its contact with 
the mechanical shock, the current mani- 
fests its ])rcsence by a tiny sp^rk. 

Commercial Development, 
who devoted himself to pioneer 
did not ])ush the commercial applica- 
tions of his discoveries. “ I have no time 
to make money.” he explained. Ho ended 
thi.s epoch-making research with the memorable 
words : “I have rathi^r, 

however, been desirous of dis- 
covering new facts and new 
relations depi*ndont on mag- 
neto-electric induction, than 
of exalting the force of those 
already obtained ; being 

assured that the latter would 
find their full develoimient 
hereafter.” 

lliat “ full diwelopment 
hereafter ” we see in the 42. fa ka day’s 
thousands of dynamos^ spark apparatus 
alternators, magneto-g(’ni*rators, motors and 
transformers which furnish light and power 
by electricity for the use of mankind all tlii^ 
world over. It was the self-denying genius ot 
Faraday which made them possible. 
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PHYSIOLOGY 

CIRCULATION OF THE 

BLOOD 

7 

Cout<i>u«‘(l from 
pagt- .si*7 

Characteristics and Use of Blood. Its Composition. Function of the 
Corpuscles. Blood-vessels and their Work. The Heart and its Action 


ByDr. A. T. SCHOFIELD 


J UST as beneath our streets are three sets of 
pipes 'convoying gas, water, and sewage, so 
throughout the body are tiiree descriptions 
of vessels coloured, by the fluid within them, 
red, wliite, and blue. The red vessels convey 
arterial blood from the heart ; the blue 
return V(‘nous blood to the heart ; and the 
lymphatics convey the drainage of the body cells 
into the venous blood near the heart, togtdher 
with th(» digested fat from the food. Thesti 
throe sets of pipes are very numerous, and present 
many eorn})lications, which wo will consider 
presently. Our first business is to examine the 
blood W'hicih flow's through the vessels, then to 
consider the vessels, and lastly, to dc.scribe the 
heart that pumps the blood throughout the 

The Blood — the Life of the Body. 

All the life of the body d(^])onds upon the quality 
and regular circulation of tlie blood. Our 
thoughts, our powers, our actions, depend upon 
its regular supply in proper (piantity and (piality 
to every part and every organ of the body. Th(i 
brain is partieadarly sensible to any failure in the 
blood supply, and spc'eial arranginients are madt^ 
there that nothing may interfe^re with its cireu* 
Jation. The blood, then, is a heavy, red, ojxKjue, 
warm, alkaline, saltish fluid, with sometimes a 
faint odour characteristic of the animal to which 
it Vadongs. It is cm})hatically a living fluid, not 
only in the sense that upon it, as we have said, 
depends the existence? of the body, but because 
it is full of life. It is the soh? means, as we have 
s<‘en, by which the varied eind complex j)rodacts 
of digi'stion, on the om? iiand, ami oxygen, on the 
other, arc conveyed to all the tissues and to every 
body c(‘ll, there to be reduced to simple forms of 
a less complex nature, tlu^ force liberated in the 
process being ]>artly used in the passive life of 
the cells, and partly in the various active 
phenoiueiia. The blood is, therefore, with the 
aid of the lymph, the carrier between the diges- 
tiv(? and respiratory organs, on the one hand, and 
the living body cells, on the other, the blood* 
vessels forming, at the same time, a complete 
warming a])paratus for the body. Blood is heavy 
as compared w ith water, the one having a specific 
gravity of 1,000, the other of 1,050. 

Colour and Heat of Blood. The colour 
of blood vari(is from bright scarlet to dark purple. 
In the arteries, and also wdicnever ex}>osed 
to the air, it is bright red. H(?n(?e, it is bright 
red in the superficial capillaries just beneath 
the surface of the cheek, and w'hcrover the skin 
is thin enough to receive oxygen from the air. 

In the veins it varies from dark purple to red, 
getting brighter in proportion to the activity of 
the part or oi’gan whence it comes. It also pre- 
sents different colours, being rod by reflected 
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light, and green by transmitted light. The blood 
is opaipie, owing to its being a mixture of solids 
and licjuid. 

The average blood heat near the surface of the 
body is OS'd"" F., and is about the same in health 
in all temperatures, “ w'arm-bloofled ” animals, 
as w'o have seen, having constant blooddu'at, 
indepcnd(;nt of tluar suiroinirliugs, in contra- 
distinction to ‘‘ cold-blooded ” animals, whose 
blood is not necessarily “ eoM,’* but varies with 
the surrounding medium. 

ddie temperature of the blood in the dei'per • 
vessels is said to range h(‘tw<‘(‘n KMF and 107 ’. 
Its temperature is also incn'astHl in ])assing 
through large glands, notahly the livtu'. 

'Phe blood is alkaline in life, l>ut out of the body 
it soon becomes mnitral, and then aeid. It is 
saltish from the })resi‘nce of common salt. ^ 

The (fKantity of th(^ l)ha.)d may he taken as 
about onc-thii tciuith of tin? wciglit of the body, 
a quarter of whieli is eontaiiu'd in tlu? luairt, 
lungs, and larger vesstds ; a ((uarter in th<? liver 
and its vessels ; a (juarter in t))e musch>s, and a 
(juarter in the ( ireulatory V(sssels. 

Composition of Blood. Blood con- 
sists, as w’(? liave said, of both a- solid and a 
li(|iiid. The solid part <*onsists of small l>odi('s 
calhul eorpusrles, thc! licpiid t>f a fluid called the 
liquor sanquinis, or ylasnia. 

Two great varieties of blood eorpuselt‘s are 
gem'rally nu'ognised — tin? red and the white, or, 
more eoiT(?etly, the? eolourh'ss 139J. 

The blood is on(?*third solid, or corj)Uscles, and 
tw'o-thinis li([iiid, or [)lasma. 

The red eorpusrles outnumber the white by 
about 51)0 to 1 , and dilTer from them, not only in 
colour and size?, but in being always round, 
w'hieh the white ones never are so, save in death. 
The red are about of an inch in diamc?ter, 
but arc so numerous tliat it lias been computed 
there are live million in every cubic millimetre 
(less than J-, the corpuscles in a 

man, spread out flat, would (;ov(‘r and colour 
red a space soim?thmg like 30 s(j|uaro miles. 
They are round and biconcave?, or discoid, that is, 
thinner in the eeaitrc than at the sides. They 
are soft, flexible, and elastic, and can squeeze 
almost anywhere. Wht?n the blood is di'awn or 
clotting, the rod corpuscles have a groat ten- 
dency to run together in rouleaux, like piles of coin. 

In fish and camels, these corpuscles are oval 
instead of being round ; but there is no special 
distinction betw^een human corpuscles and those 
of the higher animals, so that it is almost impos- 
sible to prove that a blood-stain is human. 

175 Millions a Minute. Red » cor- 
puscles are quickly produced after severe 
loss of blood, and are said to be renewed at 
the rate of 175 million a minute. They are 
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39. VARIOUS R?;OOr) corpuscles 
((. Hiiniuii Mood corpuscli-s, 

Honu* wifli proci'sacs. h. Tfuniari ml 
Mood (*orpusol(*8. c. Oval hlood (mi-- 
pusolcs of bird. U. llbujd corpuscles 
of a froK 


largely formed from the marrow in bone.s, in the 
S})lecn, and elH(‘\vhore ; tliey diffor from body 
cells in their shape, having no visible nucleus ur 
central part that is darktu* Hum the rest. They 
are. hO p<‘r cent, water. TIrmi* average length of 
lib; is tM^o weeks, during which tlu^y are filled 

with oxygcm in 
the lungs, and 
^ (‘lUjiticd in the 

w tissues sonu‘ 

20, (KM) times. 
They are d(?- 
stroyed eh icil y 
in th(^ liv(‘r, 
where ( licy help 
to form the bile, 
'riius, in the 
body, nothing 
is wasted. 

The rod oor- 
pusch^ is com- 
])os(id of a frami'work of ])r()t()piasm, holding in 
its meshwork a. tivjispareiit viscid substane(‘ 
called ha^tnoglohin. It often swells U]> and 
becomes mon? or less spherical. It is ex- 
C(aidingly elastic, and more numerous 
in tlu^ male than in the femal(‘. Kc<l 
i'OT-])ifs(‘h'H have a groat tendtaiey, in 
HoiiK^ eonditionsof the blood, to adhere 
togetlu'r or change their shape. 

'J'hey are yellowisli in colour, 
and only show the red tint- of 
blood when s(H‘ii in mass('s 1401. "• 

Their numbers rapidly diminish 
in certain diseases. In aruemia there 
may ho only one-fourth of tlu? 
number present in health. One 
(;haraeteristic of ha'moglobin is its 
remarkable allinity for oxygen ; 
owing to this the blood absorbs 
twelve times as much oxygen as 
water. The hu.'moglobin Jiolds Ibis 
giis in a very loose) form, so as to 
part wdth it readily. As the blood 
passes through the lungs it receives 
oxygen, and tlu' luemoglobiii hei’omes 
an (li'i/Jurmoylnbin, as in arUu’ial 
hlood ; then, again, as it ri'aches the 
tissues, the oxygen leaves it, and it 
is ivdueed to hicmoglohin. It is in this way 
that hlood is the great oxygen carrier of 
the body. Hamioglohin forms IK) per cent, 
of the bright red eorf)Usel(.s. It is a crystalline 
body, and its one and special function seems to 
he to convey oxygen. 

White Corpuscles. The colourless, or 
white eorpusdfs (di.scovcrcd hy Heuseii, 1773), are 

larg(T than the 

V A 


no Cell-walls, hut, uulilo* th<*m, 
one or more distinct nuclei, 
a finely gramdal(‘(l ap[)(‘a.ranee, 
a higher jiower. 


they have 
tlu^y have 
They have 

which, on examination under 
is seen to he due to a iiu'shwork that [xTvades 
them, the eoriu'rs of the meslws being formed 
into knobs; 

})art of ,the 
granules may 
he foo<l mate* 
rial. d’he 
colourless cor- 
puscles, or 
leucocytes, of 
the blood an) 
identical with 
the. smaller de- 

serir)tiou of 3. lUd rorpusrlcs. />’. JUmI 
c.iiptioil or r. White 

iym])h colls piisdi's. I>. Wliite oorpuseU-rt 
tiuit are found ancleus. h'. White curpiisdes. 

II ^ miclfiis anil j^ramiles 




red (. 2 - 


diamet-er), but 
are onlyspheri- 
z cal in death ; 
^ during life 
their shape 
42. SEOTION OF VEIN AND ARTERY C O n S t a 11 1 1 y 
U, Vein, A, Artery. 1. Adventitia, varies 141]. 
or ftbrouB coat. 2. Middle, or muscular t>w, 

coat. 3. Ijitlma, or living membrane. ^ ‘ ' 

4. Neuclel of cells of iutima corpuscles. 


ror* 

I'ur- 

wilh 
wifli 

all over 

holly, and pjirtieularly iu llu‘ spleen and lymphatic 
glands, ^rhe funetinn of these cells has long 
been dou})tful, anil is only now beginning to he 
iind{‘rstood. They have very active habits during 
life. Possessing the mwer of traversing 
the walls of the hlooo- vessels witli the 
gn*atest ease into tlie lymph spa.ee 
around, or into the body tissues, th(‘y 
are found in (‘nornious numbers wberevtu’ 
any active inilaiuuiation is going on, 
and tln'y form the principal ])art of 
pus or “ maltiT.’’ 

Enemies of Bacteria. Professor 
Metschnikolf, of the J^isteiir In- 
stitute, j-egards while curjaiseles as 
our (leteiiih'rs against mierobes of 
all sorbs, anil has lately shown how' 
aelivi* they are in eating and destro}^- 
ing l)a( teria and germs, and also 
? refuse of .ill kinds ; while the curious 
fact has been diseoveiial that from 
Pey er’s patches in I he intestine, 
where they abound, they migrate into tlie 
tube, seize on all the bacteria they can 
43 Till'' iiFVRT carry them down into tlie 

ex- '’"‘‘I't'r tisHUOf., wlu'lv they iilld tln-if 
turmil viHvi witli the spoil both become I lie prey ot a larger 
di'seription of lymph corpuscle, called 
giant ci'ILs, 

Knough has been s.tid to show' tvhat a life of 
varieii interest and usefulness white corpuscles 
lead, anil to encourage us to hojie for still 
further discoveries respecting them. They 
increase rapitlly by tissioii, which the red 
corpuscles tievcr do, and appear in amazing 
quantities in a very short time whiTover they are 
w'aiited^ 3’he spleen is one great sourei' of their 
origin, and in the spilenic vein they number 
1 to 80 of the red corpuscles. 

The most remarkable feature about these 




e o rp us- 
cles is 
t li e i r 
constant 

41. conrusc’LKs under thbmicroscoi’e 

I • I.lvlug white corpuscles chauKing shape 

(which IS under the microscope 
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45. vKi?^ 

VAJ.VEM 
Longitudinul sec- 
tion througii tt 
vein, showing 
valves 


always very irreguUu*) by a ma!l}oid 
movements, so-called from their 
similarity to those of theaw/r/^/v/pof 
stagnant waters. The gnnit dis- 
tinction between these and the 
red (corpuscles is that the powi;r 
of the former is distinctly vital ; 
their ehurige of 
shape is cer- 
tainly of set 
purpose, as when 
they enclostj a 
particle of food ; 
they probably 
excercise, too, 
some distinct 
influence over 
whereas the red 
merely oxygen 



“ To the naked eye the layer of 
blood upon the finst slide will appear 
of a pale reddish colour, and quite 
clear and hornogepeoiLs ; but, on 
examining it with a pocket lens, its 
ap])arent homogenity will disappear, 
and it will look like a mixture of 
excessively fine, yellowish -red 
particles like sand or dust, with 
a watery, almost colourless, 
fluid ; and immediately after 
the blood is drawn. 







47. CAl'lLLAKlJiS 

1. Longitndii liil 2. Traimvcrac 

HtMUion. A. Cells of singU; wall. />. Xucloi 
of ndU, V. Branch of capillary 

of Blood. The plasma, iii 


the plasma, 
corpuscles arc 
carriers. 

The Properties 

or liquid part of the blood, is nine-tenths water, 
is of a yellowish colour, and contains 
carbonic acid gas, albunu'n, fats, glyeo- 
g(*n (liver sugar), and salts. 

It has, hc- 
causc of other 
bodies con- 
tained in it, 
a most re- 
markable 

powerofe/oi- 49. 







AUTERIBS, GAPILLAUIKS, 

AND VEINS 
Soctional area 

J). Arteries. i\ Vci 


^m/orcoagu- 

1 « +; .. VALVES IN VEIN.S, OX’EN' 

1 a r 1 n if — ~ a 

” • AND CLOSED 

process, in- 

deed, on which our life depends. As will 
be seen in the section on 111 - Hk.vlth, 
there is a class of people in A\'liom this 
clotting power is eitlier wholly absent, 
or so feeble as to bo useless, and these people 
are in imminent danger of bleeding to death, 
even if a tooth is extracted. 

Huxley gives the following simple 
experiment to demonstrate this 
power of clotting : 

“ Ihvist a i)iece of string pretty 
tightly round the middle of the last 
joint of the middle or ring Unger of 
tlic left hand. The end of the 
finger will immediately swell a 
little, and become darker coloured, 
in consequence of the obstruction 
to the return of tlio blood in tht^ 
veins caused by the ligature. When 
in this condition, if it bo slightly 
pricked with a sharp, clean ntjedle, 
a good-sizfjd di’op of blood will at 
once exude. Let it bo deposited 
on a slip of thick glass, and covered 
lightly and gently with a piece of thin 
glass, so as to spread it out (;vciily 
in a thin layer. I^et a second slide 
receive another drop, and to kec}) it _ 

from drying let it be put under an 44. arterial and venous mesliea of 



invofted wine-glass, with a bit of wet 
blotting-paper inside. Let a third 
drop b<^ dealt with in the same w^ay, a few granules 
of common salt being fii*st addea to the drop. 
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48. NJ5T- 

the particles will work of 
- - 3 appear to be scat- capillary 
tcred very evenly BLOOD- 
through the fluid, vessels 
but by degrees 
they aggregate into minute 
pa tches, and the layer of blood 
becomes more t)r less spotty.” 
iiarticles are the red corpuscles of the 
blood ; llio nearly colourless Iluid in which they 

are suspended 
is the plasma. 

The second 
slide, pre- 
pared as de- 
cribed above, 
may now be 
examined. 
The drop of 
50. RELATIVE blood will be 
SIZES unaltered in 
A . CapiiiaricH. f orm, and per- 
il a p s m a y 
seem to have undergone no change. But if the 
slide be inclined, it will be found that the droj) 
no long(‘r Hows, and, indeed, the slide may 
ho inverted witliout th(5 disturbance of the 
drop, which has become solidilied, and may 
be removed w^ith the point of a penknife, 
as a gi'latinoiis mass. The mass is 
quite soft and moist, so that this 
setting or coagulation of a drop of 
blood is something quite different 
from its drying. 

On the third slide this process of 
coagulation will bo found not to 
have taken place, the blood remain- 
ing a fluid as it was when it left the 
body. The salt, therefore, has pre- 
vented the coagulation (^f the blood. 
Thus this very simple investigation 
teaches that blood is composed of 
a nearly colourless plasma in which 
many coloured corpuscles are sus- 
pended, and that this coagulation 
may be prevented by artificial means, 
sucli as the addition of salt. 

The coagulation is brought about 
by the changing of a part of the 
plasma into a branching mass of 
fibrous tissue called fibrin, in the 
which myriads of the 
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red corpuscles are entangled. 

Why Blood Clots. As the 
clot is thus formed, a thin straw-coloured 
fluid is squeezed out, called the serum, which 
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is practically plasma deprived of its fibrin. 
The value of this clotting power is» of course, 
in its solidifying the blood at the mouth 
of a cut artery or vein,^so that it can \ \ 
no longer flow, thus stopping up the open 
end of the vessel. Blood never clots in \ ; 
a healthy vt'ssel during life, but some- \ 
times the blood may clot in diseased 
veins, and thus become a great M 

soui’cc of danger by blocking the oi — 14 *■ 

circulation. Clotting in the blond hi li — 

is hastoTK'd by any solid bodies in 1 ■ 

the blood, by heat at 100 " F., ^ \ 

by being stationary, by the 
action of air, by didicieiicy ^ 

of water, by injury or a ' 

disease of vesseds. It is Jr - i-mlf , M 

deferred by increase of 

water, cold or great heat, t 

by an alkaline solution ufr i 'ilUi 

(salt), and by ])eing in \ |||i 

living blood- ves.stds. Arterial \ ■ «|| 

blood clots more quickly ^ \ tIIWR 

than venous blood. \ 

On the whole, blond luis 
a similar chemical composi- ' 

tion to that of muscle. The 51. ukakt, wrr 
gases in tJie blood are as j.;x: 

follow: Oxifijvn, 20 i)(‘r cent. .i. iHiimouary \(nii 9 . 
in arteries and 10 per cent, ot iimicle r 


51. IIKAKT, WITH LKKT CMIAMliKRS 


white corpuscles ; tlie lattm* lined with inan> 
active living cells, whieb havtj (.bdinito work to 
perform. 

The Aorta. The arteries begin in one 

tP strong vessel, the aorta [43], 1 in. in 
diameter, wliieh, as it leaves tlie 
hi‘art, soon subdivitles into six 
JM branches — two for the head, two 

^ arms, and two for 

^ H Tlieso divide 

and subdivide as they run 
ahmg tlu' prot(‘ct<‘d inner 
Bides [441 ol the limbs and 
all over the body, like the 
branches of a Inns till the 
7 /— - p tiniest twigs are so small 

^ hardly he 

5 : '‘i seen by the naked eye, and 

' '' these arc called artcrioks. 

always being a little over- 
- t th(‘y ii re evtT on the 

'V streleli, and so maintain 

‘ ~ ‘ tJiat gentlfi ])ressin*e on the 

blood that keeps up the 
— Cl how between the heats of 

i.KKT CMiAMRKRs heart. AVheii an artory 

^Ei> ruptures, tlie imuT coat 


KxrosEO rupnires, rne mruT coat 

.1. iHilinoimry \(nii9. .1 1. Lett jiiiricic. Wall folds over inwards as it 

in >enincle. el. A]..‘x of eont raets, and thus at once 

'JUt. i>, Ik'shy ('(iliitim atlaciifd to valvo, 1 • j ^ < 1 a f 


A...;,,, oil 4-K iican. j/, ru-Hiiy roiiiinu anaciifd lo va vo, i • j ^ < i n r 

m \eins, all cariaed m tlio y.;, impilluros und conliu trmliiuir at- «t()j) the How of 

red corpuscles ; carbonic tached to valv<*. vyi. Lt*lt vontriclo. /•’. Mitral blood. 


^V'e noAv turn <0 


Mid gas in ac((.Tie«. and .,r';orVr‘‘'‘fi.” Aor'i'u' 

Ai per cent. 111 veins, all art^rv. // J. I’ulmouarv artery, 
carried in the plasma ; }^v ductus arteriosus tu aorta. 
nitro(jcnf I or 2 per cent. vol. 

The Blood-vessels. ^Ve mnv turn <0 larger 
the blood-vessels, wJiich hiclude t^vo out of the until 
three sets of ])q)es in tlie body ; the lliird, / , 

or the lymphatic, wo shall speak of in U 

The artcric^s 142] are so eulle<l be- - ’ 

cause by (he ancients they Avi*n‘ alw ays J 

snj)posi;d to contain air, as after / 41 'dd 

death tlicy were ahvays Ibiind ^ •- 

empty. They are stout tubes ? Ml » 

that remain round even Mdieii 
empty, and are made of 
three coats, the outer (the 
adventitia) being fibrous for ^ *" 
protection, the middle (the 
inuscular)^ to n^gulatc tlu; 
size of the vessel, and ^ 
the inner one (the inthna), 
a delicate inemhrane of 

living cells which Jiavo ^ 

many active functions to ‘ 

perform, not least of 

which is to aid in re- 

moving impurities, g(*rms 

and the like, from tlie 

blood. So that we must 

4Lof 52. UEMIT, Wl'PH KIOIIT ClfAM 

distinctly imderstand that superior vena cava. Ji, JhI 


A'. Atiiichmoni, tlu^ end of the arterioles 


there is nothing dead or ji i.‘ Hepatic yi 


62. UK MIT, Wl'PH KIOIIT CIIAMBF.KS EXPOSED 
A, Superior vena cava. 7>. Jiif*Tiur veua <*ava. 


aorta. U Arlciics to suuillest veinlets begin, 

and rapidly uniling form 
larger Inmks wJiieli lie akuigside of the arteries, 
until at last the uniliul vohime of blood is 
I returned to tlie liearl by two great 
/ V(‘ins, eiu'h (ho size of the aorta, called 

ij, tlie suprrior and tw/er/or vena cava. 

Veins. like artiTies, liavc 

thnM coats, but, unlike tJiem, these 

,.ijA coats arc so thin that an 

empty v(‘iti Hal tens and col- 

lapses. Tliey also dili’er from 

— f arteries, especially in the limbs, 

t in liaving aremarkahlo arrange- 

iiK'iit. of va.lv(‘s [45], the value 

of AvJiieli will bo ajiparent wiien 

Speak of th(^ circula- 

tion. Tliese valves are in 

w Xiairs, an inch or so apart, 

iT ~~ ** made lu opim 

towards tlie luuirt, so as 

afford no obstruction 

~~ ^ progress of tlio 

blood in tliat direction 

[48], but to close at once 

if it trie.s to turn back. 

The walls Inung thin, they 

more easily bulge under 

CHAMBERS EXPOSED thm tllOSO of 

n, JiifiTiur veua i-ava. pri.ssuro tlian tnose 01 


r. Blight auricle. C’l. 0])culim arteries. 


'mechanical about 
the blood or 
vessels. The forr 


forvciiw. 71 . Valves otimlmouary artery. 7>l. Kloshy 
coluiims. E. fricuspiu valve. 7vl. Corda* femiiucio 
attached to valve. E, Ihilmoiiary artery. Attach- 


Capillarics. 

IHGl this was all 


is meut U> aorta. 


K, v«*rscJh from aorta, was kno^vn of the blood- 


filled with aetive living ve.Hol«. and il was believed 
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that the blood \vafl pouivd out into the tissues which the inner layer of the pericardium is 

]»y the? arteries, to be |>i(;kefl up a short adherent. Tlie wrist will represent the f»reat 

distance "olf by the v(‘ins. Ft was them vesseds passing olt from the heart, around which 
discovered, however, tluit bedween the two the neck of the double bag extends. All the 

an intricate network of tiny microscopic serous membranes whicl? enclose tho various 

blood-vessels (called vainllnrics] exists, some organs are made on the same principle- around 

y of an inch in diameter [47] extending all the brain, lungs, and digestive organs, 

over the body in sucii ineonciuvable numbers Muscles of the Heart. The middle^ 
that it is almost impossible to insert tlie point or miiseular coat, forms the main suhstaneo of 

of a pin anywhere without piercing ^.<^****?^ heart itvself, and in a mus- 

oni‘ of them [48]. Tlie whole eular man varit^s from a quarter 

body thus consists of tiny islets of an incli to an inch in tliiekiK'ss ; 

of cells surrounded by capillaries, ^vhile th(‘ inner coat is the lining 

which themsidves lie in lympli memlram^ of the lusirt. 

cliannels. 'Jdiese tiny v<‘ssels / '% ddie muscle is pi'culiar, for the 

have hut one coat, but as we \ fibres are intermediatii Ixdween 

liave fully described tliem and ( the stripc'd, or voluntary, muscles 

tlieir rmnarkabki fiimdions in the V ¥ of Ihe. limits and th(‘ unstriped, 

last chafiter, wo need not re- <>^’ involuntary mnseic , of the 

eapitulati^ hen?. They extend to artiaies. 'ric'.y im-ve transversi? 

thousands of miles. If th(' aj't cries strijic's and eonliaet altogcdh(*r 

begin in one tul)(; 1 in. in diani(‘ter, VAr.VK..s of the iikart I h(‘ former, but are not under 

and the veins (uid in two ,■ ‘ViVlnllmarra tile control of the will,^ thus n*- 

tubes -with a uiiitial ealilro of imtrai\aiv<*.“7<’i,2.i:C*K!:ii).s semb ing le latter. They arc 

1 J- in., the united ealibn? of valve. L. J-ett shir, arrangial in 


situated behind 


the capillaries is represiaited by '* 
a tube of about 2 ft. in (Iiam(?ter |49]. 

The Heart. W'e must now jiroeei'd to 
describe the mechanism hy which tli(‘ cireulatioa 
of the blood is maintained l)y th(? elaborato 
pump called the heart. 

The henri^ enveloped in the double layer of 
the periranlinw, is in tlie form of a blunt, 
hollow cone al»out> the si/e of its owai<?r's list. 
It W'eighs al)out 0 o/., and is 
and somewhat to the left 
side of the lower lialf of the 
sternunif or breast -bone. Its 
Viaso is uppermost ami to th(? 
right, its ap(‘x being doAViiwards 
.and tow.ards tlie l(‘ft. Ft con- 
sists, like tlie arteries and 
veins, of tlireo eoais ,* an 
outer fibrous coat, called the 
pericardium, whieli really con- 
sists of two layers, forming 
a closed' s.ae, the bc'art being 
foldeil up in it. Tlu? inner 
layer is closely adberent to 
the h(?art, and the outer layer 
to the conm'ctivi? tissue? 
around, a small aim^unt of 
fluid being lietween lh(? two. 

An illustration may help us 
to und('rst/uid how the ])ori- 
eardiurn is arranged. 'J\ako 
two thin paper hags, of which 


loiigitudinfil, 
apex) ill spiral lav<‘rs. 
SOUK? distance along the 
'I’he fibres that surround 


cireuhir, oldiepie, 
and (towards the 
rjicy Cf)ntinn(* for 
two la.rgo V(‘ins. 
tho upp(?r half 
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of th(' heart are <listinvt, and can conlrivct 
separately from thos(‘ around tlie lower half. 

T1k‘ uiuseular ct)a.t varit‘s immens(?ly in 
thickness. It is thinnest around tho upper 
half of tho Jieart on botli si(l('s (the aiirieh's), 
bce.anso tho w’ork here is slight and only consists 
in forcing tJio blood, as the auricles 
contract, into the two lower cavities 
(vt?ritricl(‘s). Tt is twice as thick on 
the low'cr right side, for this 
has to do twiei^ .as mueli w'ork 
in pumping tlio blood through 
the lungs ; and it is more than 
twice .as thick again in tlie 
left lowin' half, heeaiiso this 
ventricle has to pump the 
blood all over the body. Tho 
thickness of the muscle every- 
where is in proportion to the 
amount of work it has to do. 

Chambers of the Heart. 
Inside, the heart in man is 
divid(?d Jongituilinally into 
two halves, right and left ; 
eaeli lialf is .again divided 
transversely, thus making four 
chambers in all [54]. In fish 


^ ^ . Oa riglit side two vesseU enter and one there are but two, in a frog 

one is slightly smaller than vessels enter three, while in the crocodile 

u fina (iiie leavts 11- , „ . 


the other, so that one may be 
eontaim?d within the other, both being fully 
distended. Now slightly fold back the edge of 
tho mouth of tlie inn(?r bag, and gum it all round 
to the edge of tho mouth of the outer one. 
There is now a double l)ag made with an inner 
and an outer layer, and a small space Fielween 
tFiem, completely shut off from tho outside. 
Suppose the closed fist to be just large enough 
to fill the inner bag, it will represent the heart, to 
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upwards. Avo get four. All 
these Btagea are passed through in the human 
embryo [51]. 

The two upper chambers are called respec- 
tively the right and left auricles, liecause on the 
top of each is a small Flap like a dog’s ear. and 
auricula means a little ear. They have very thin , 
muscular walls. The two lower ones are called 
the right and left ventricles (ventricula, a little 
belly), and have much thicker walls ; the left 
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being also at least tliree times the strength of 
the right. Kaeh chamber holds about four 
tablespoonfuls of blood. TIkm’o is no direet 
comniunieation betAveen the right and the. h*ft 
side of the heart after feetal life. 

Trap»doors of the Heart. lOaeb aiirielo 
eomimmicatos with the vtaitriele behnv by 
a sort of large tra})-door in lh(^ floor, which 
on the right side eonsists-^)f thret‘ Haps, and is 
called tlu*. friru.'ipid valve, and on the left of 
tw'O and is called tlio witral or hiraspid valve. 

Tlie right auricle lias, in a.ddit ion to tin's valva\ 
the large opiming (fiinus renasus) eomnion to 
the terminal veins [52]. 

In the right ventricle is tJi(> opimirig of tlie 
pidmovarji arferjf which eonvi'vs the blood to 
tlie lungs to b('. piiritic'd, guarded by a simihmar 
valve which lias (JiF*(‘e flaps. 'Ih(‘ centre of <‘aeh 
margin lias a little node (tlie corjius araidii), 
the three meeting when the valve close's. 
bulging of tlie wall of tJu' arte'ry bebind the 
valvt' is eallc-d tlu' ,v///a.s* nf Valmlva. The parts 
in the aortic seunilunar valves are similarly 
named. The h'ft anrich' has bmr openings for 
tlie four puhvonarif rr/a-s that I’eturii the puritie'd 
blood from Uk^ lung to th(‘ Jieart ; and in the 
left ventricle is tlie large ojienmg of the a<trta, 
by Avliieh the bloeal linally leaves tJui lieart. 
guarded by a seinihtvav valve, which has tJireo 
Haps as in the right vi'ntricle. 

'Ihere are* thus in the heart |53] thn'e valvc'S 
with three Haps (two se'mihmar and one 
tri(His]>id). ami one witli tw'o Haps (the mitral). 
Th(' arraug('meiit of all these valves is such that 
the blood ea.Fi only pass in one dirv'clion, ahvays 
from the ven.v cava*, towards thi*. aorta, 
nritiees of tlie valve are strengt hom'd by tliiek, 
libroiis rings, Avhile the flaps of tlie tricuspid 
and mitral valves are stitTemal and prevented 
from rising too fa.r by strong bands (m'tisevli 
■papillares) and CfFi’ds (enrda- fevditutr) fixed 
from the inner surface of the vt'ut riele to their 
lower side. .Fleshy pillars {eohniuitr caniea), 
frojFi wliieb these cords sjahig, are also si'i'n on 
th(*. inni'r surface of tlu^ hi'art. 

Tlie two artt'i’ii's (pulmonary niid aorta) 
Come from the front of tlu^ lu'art, whih' the six 
veins, Iw’o venjc oavic and the four pulmomiry 
veins, enter at the back. TlFcre aiv* thus eight, 
large blood-vessels ciFimecteil with the heart, 
Uireo with the right side and five Avith the left. 


On the right the t wo veiue eav;e returuing l)l(H)d, 
from the body to tlie riglit auricle, aFid the 
puliuonjiry a.F’tei*v (tlu' OFily one in tlu'. body 
conveying venous blood) eari-ying tlie l)lood 
from th(' right V('Fitri(‘l(' to tin* huigs. TIicff 
on the h'ft the four pulmomiry veins tVom llie 
lungs enh'r the h'ft auriek', and the aoF-la k'aves 
from Die h'ft vt'oli-iek'. 

Action of the Heart. Tlu* heart con- 
tracts by nervous mt'chanism iii the organ 
itself, and this is n'gulali'd by tlu* brain. Tlu* 
hi'art inusek' alom; has a ri'inarkahle inlu'ri'iit 
conlraot il<‘ pmver, wliieli is dt ju'Fuh'nt on no 
external nervous I'liergy nor ('veii oti the iiervi* 
centres in the heart, nor on blotal in the lu'art 
( V>nlF-action lias l)een sei'ii in bits of freed Ju'art 
miisele, and appc'ars to l)e absolub'ly aulomatie. 
No oDu'r musel(' has this powiu’, iuid tliere is 
no otlier muscle even in a])peara.neo like the 
heart museh'. 

I’lu' heart as a whole, cut out from Die body 
but suj)pli<'d with blood, will beat for days. 
Jf supx)lied Avitli oxygi'u instead of bhuKl, fur 
twelve hours; if with air, for thrt'i' : if if\ a 
vaemim. for half an Jiour ; if Avitli (H)., in ('aeli 
ea.se it stops. TJieni are in tlu* Ju'art tlii’ci* or 
more nervous eeiitri'S from wliieh uudouhb'dly 
energy is supplied; and bits of musch^ eontain- 
iiig them beat much more vigorously than 
those without. 

Then liesides this, the frequency of the eon- 
ti’aetion is regulati'd by t wo nerves, iiu* one, 
the. pnnimotjasfn'r, slows tiu^ b(*at, and ju'essuni 
on it- may stiq) the Jieart .altogi'Dier ; the other, 
the Si/ tn pathetic, aeeelerates it, and the inllueiiee 
of the emotions. ea.usmg tlu* heart to beat- more 
(piiekly umh'r (‘xeitenu'rit, exiilains how tluit 
organ cjFme to Ix^ rt'gaich'd as the s('at of Die 
atiVetions, with which it. has really nothing to 
do. 

The Jieart Jaas no nerves of SFUisation, and 
hence it can feel nothing, and sueJi a thing as 
Xiain ill Du^ Jieart is imxiossibh'. Even in angina, 
the only i^ainfiil Ju'art disc'ase, Di(5 sjiasm is 
believeii to bo in the arterit's and espeeially in 
tliose artc'iies (the eiu’onaiy) tliat su])j)ly the 
walls of the lu'art itself Avitli l)Iood. 

The heart on rare oe<‘asions is transposed 
and may lui found Ix'atiug on tlu^ right side of 
the bo(iv inst('ad of tlie h'ft. Jii dist'ase it is 


freipiently greatly enlargt'd. 
Continued 
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Angle of Friction, In the last experi- 
ment the angle at A which the board makes 
with the hori/ontal surface A C is calked the 
angle of friction, the angle of repone, or th(‘ 
limiting angU of resistance. As in the previous 
case, it will be found that this angle is less when 
the board is so inclined as to pei mit of stt'ady 
and uniform motion of W than when the w'ciglit 
is about to start moving. 'Fho angle of friction 
may be describ(‘d, then, as the angle made by a 
plane with a horizontal surface at the moment 
when a body that, is plaei'd on the inclined 
piano begins to slide. The amount of frictional 
resistance of any substance may thus be con- 
sidered and stated, either as regards its angle of 
friction or its coefticient. (Jenerally, both the.se 
relations arc stati^d. The following are inter(‘st- 
ing examples : 

, Ang. 


Substances. 

C'oetr. 

Otf-icl. 


of friet. 

Deg. 

Min. 

Oak on elm, tibre*s parallel 


to motion 

•25 

J4 

5 

Wrought iron e)n bra-ss 

•17 

9 

:i9 

Steel on cast iron . . 

•20 

11 

19 

Brass on cast- irein . . 

22 

12 

25 

Hard on soft- lirne'storie 

•(>7 

:i:i 

.50 

Referring again to 106, 

the stiide* 

nt wlu) 

has 


any knowledge of trigononietrv will .see that tin* 
8 Kt ^ 

coefficient --y or y-y, tangent of the angle 


B A C. Thus, th(' angle at- A can bo iiKNisunMl 
and its tangent found by rchu’cncc'. to a tabic of 
tangents. 'Hie cocdHcii'nt of friction may Uu're- 
fore be stated in diffenuit ways, all luiving tlu' 
same meaning. In 106 it is efjuivah'iit t() 
height friction resist a !h*c 

base normal pressure iiociual pressure 

or tan A. This ratio is frecpKaitly reprcscnied 
by the (h’eek letter fi. If, then, F frictional 


resistance, and H -- normal pressuiMs 


K 

R 


and 


F — yu R; t.e.y if R be known and multiplu'd by 
the coefficient of friction obtained from a table, 
the amount of friction between tlie t wo bodies 
may bo determined. It will be noted that in 
the first experinumt tlu? coonicionl of friction 
was stated as the ratio bctw'ccn the friction and 
the weighty and that now noruml pressure is substi- 
tuted for this terjn. By tlu^ normal, or per- 
pendicular, pressure of a body is meant the 
amount of pressure? acting perpendicularly to 
the surf. ace on wdiich it rests, and though this 
would be synonymous with the weight in 105, 
it w^ould not bo so in 106. 'I’ho perpendicular 
pressure- of a locomotive on a lcv(‘i track wamld 
be equal to its weight, hut on a gradient the 
pressure acting perpendicularly to the rails 
[ would be less than the weight, and would con- 
tinue ^ grow loss as the slope in(freased. 


Laws of Friction. Less than 80 years 
J ago General Morin, of the French Army, dis- 
[. covered, after investigations lasting two or thn^e 
I years, certain fundamental laws governing 
E friction. Though more dedicate apparatus and 
more extensive experiments have shown that 
; the universal application of these laws fails, yet 


they are snffici(‘ntly correct for all hut extreme 
eas(‘s. 

1. Friefion is independent of the exUait of 
the surfa(?es in contact. 

2. The amount of friction is proportional to 
the pressure betwccMi the two sur faces in contact. 

.‘L Friction is inde])cndcnt of tlu' velocity 
with which one body moves over tlu^ otlier. 

For ordinary ]}n‘ssurcs and v<'l(MMtics tlicse 
laws are generally tru(‘, lait an? not correct for 
high vclociti(‘s and extrcanc ])rcssurcs. As 
velocity iricn‘ascs, tlio co(‘ll[i(>icnt actually d(‘- 
creas(‘H, and vice versa. Kxperinumts witli 
liihricatcd journals liav(? shown that as the 
spc(‘d of revolution slowial down from IS ft. 
per .second lo a stop th(‘ eoenieii-nt of fi’ietion 
gradually iuen*ased. 'riunpcrature is also an 
important factor. Sevcaal other laws or con- 
ditions have also heen dediiei‘(i from ex[)eriments. 

4. Statical trietion, or the friction of rest, is 
greater than kinelu? friction, tin? friction of 
motion. This was ()rovi*d in the (‘xptaiments 
in ihe preec'ditig paragraphs, and is illusi rated 
when a child sli(h‘S its mother's llat-iron down 
the washing- board. 

r*. Statical friction is iner(‘ast‘d after the two 
surfaces have Ix'cn in eonbiet sonu* little lime. 

0. Bolling friction is li‘ss than sliding friction. 

7. In rolling friction the n'sistanee is pro- 
portional to fli(» W(“ight, and invenstdy juoj)or- 
tional to the' radius of tlu' wheel. 

K, 4bo work done in oveaeomiug friction is 
transformed ifito lu'at or electricity. 

Friction of Liquids. The laws just 
stag'd for solids do not a]>j)ly to licjuids. In- 
vestigations liav(‘ so far laikxl to discover a 
eoeflieient of fri(’tion siu'h as that for dry sur- 
faces. Apparently, fiietional resistances is pro- 
portional to (he ar(‘a. of the surface* of contact. 
.\t iow^ velocities resistance is small, and prol>ably 

speed X area of sui tace* x a- eoetlicie-nt, but at 
and above* a certain eriti(*al S[)t'e*d Die* format ie>ri 
e)f ea)unt<‘r eurnads iner<*as(‘S re'sistanee*, so that 
.speed in the? al)OV(? eepiatioii lias tf> be? sejuare?d. 
4'lie resistane*n is largely inde[H‘n(l<‘nt of the) 
material e’eunposing the? sedid body with wliieh 
it is in eontae-t, anel it- is also inele*penel(?nt e)f the? 
pr(?.ssure7. to wliie*]i tlie? fiuiel is suhjeeted. 

PRACTICAL APPLICATIONS 

'’.rile* applications of the fe>re*going ipay divide 
themsolve^s naturally unel(‘r Iwe) ]ie*aels that in 
wdiich the endeavour is made? toutili.se frie’tion, 
and that wdiere? the obje-ct sought is te) redue*e it- 
as far as possible?. Kaeh, therefejro, invejlve's en- 
tir€?ly opjjosite sets of conditions, anel eae*h has 
an immenso miinbeT of apjiUeations in ])raeitie?e. 

Brakes. Taking the tirst group nam(‘d, wo 
see friotie)n utiliseal in brakes, in e*hite*h ee)n- 
ne'c.tions, anel in eorlairi fe)rms of ge*ars fe)r trans- 
mission e)f ]xn\'cr. A cennmori example of brake? 
friction W'as illustrated in (*ormectie>n with the 
lever in the last arti(?lc. 'riie <X)etfieieint of 
friction, com hi n(.?d with tin* very large are? of 
contact b(*twc*en the? l)rake strap and its band 
pulJ<?y is so tiigh that such brake's are capable of 
sustaining w'eights as high as 8 to 10 tors by 
their friction alone. This is regularly utilised 
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in cranes, in whioli the reversal of the crane 
movements is avoided hy lowering with the 
brak(‘.” 1’hat means, of <*ourse, not that the 
hrak(5 does the lowering, but that the weight of 
the load is the ag(‘nt, and the brake regulates the 
rate of, and eh(‘eks, tlui desetait at the right 
instant. Thus, 107 shows a brake (A), a drum ( It), 
and barrel wdi('(d (( -), all on the same shaft. The 
load is hoisted on H by the wheel (J, actuated by 
a pinion, but it is lowtM'ed by hrakimj on A. 
What this means in eeonomy of tiiiu* and labour 
may not be appanait on first thoughts. But 
imagin(‘, in a hand crane, the slow and fatiguing 
movement of turning the winch handles and 
slow gears to lower a load. Or, in a pow er erane, 
consider tlie usek'ss running and rattling of gears 
in (*ngagement i)y comparison with the swift 
descent of the loaxl by its ow^n wtMght.. 'I’he 
band-brake is used also in winding aTid hoisting 
machinery employed in mines for controlling the 
descent of cages and skips. In light mechanisms 
the same device is (‘mj)loyed to bring rapidly 
rotating parts to n'st in ordtu* to save tim«' or to 
avoid danger. Thc^ most familiar is the cycle 
brakes. 

ilrakcs need not make large* arcs of contact as 
the flexible bands do. 'Pliere aic many rigid 
slipper brakes iis(‘d, of)erating f)n comparatively 
short lengths or ares. Wdien the turner ])resses 
his hands upon the driving ])ulley of Ids lathe 
to bring it rapidly to rest, hisliand is ap]»lied as a 
friction brake. The big tramears are arr(‘st(‘d 
by slipper brak('s ])ressiiig upon the rails. 
Railway trains arc brought to rest by tin* pr(‘ssur(* 
of wooden or metallic, brake-blocks pn‘ssing on a 
small portion of tin* circumf(‘r(*nc(^ of tln^ whetds 
[108J. But there is enormous ju’essuie behind 
them, produced by vacuum or st(‘am-pr(‘Ssuro 
agency. 

Belt>hammers. Fig. 109 shows a friction 
device that may ]»e se(*n in hundreds of smithies 
to-day — the droj) hamim*?’. Only the upper 
portion is illustrat(Ml, as Avitli tliat alone Ave are 
concerned. The tup, or Jiaminer head (A), 
which delivers the bhnvs on forgings or dies, 
is lifted hy the frietional contact t)f the leather 
belt (B), around the smooth iron pulley wheel (C), 
rotated constantly l)y shafting. The workman 
puts on the friction by pulling at the free end 
of the belt and l(*tting it- go when the tup has b<*(*n 
sufTicdently. raiscul. As long as he keeps his 
hand on the belt, the latter makes (am tact 
round an arc of 180'^ with the revolving pulley, 
and th('. latter lifts the belt and its tup by 
friction. The ilhistration shows the tup at its 
full height. On rc'leasing Ids hand the tup falls 
instantly, and so ho adjusts the height for such 
blows as the work recpiires — light or heavy, 
slow or rapid — by simply and instinctively 
varying tht* pull of the hand and theiiec the 
friction of tlu^ belt. 

Clutches. An immense group of friction 
mechanisms are the clutches, hy means of which 
rapid connection and disconnection is made 
l)etwecn moving parts of mechanism. A wdiolo 
line of shop-shafting driving to numerous 
maohines can bo set rotating by the move- 
ment through a lover or hand wlieel of a 
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comparatively tiny clutch, making connection 
between it and the source of power, engine or 
eleetrie motor. 1 1 can bo instantly disconnected 
by throwing out tin? clutch. Friction alone is 
the agency by which the powerful engagement 
is made. The mechanisiTi is of high value not 
only on account of its efficiency, hut also because 
of its rapid oharacter. Should ati accident 
occur, it is not necessary to stop the engine, 
which takes some time, hut simply to dis- 
connect the clutch. Ill hoisting machinery 
the same meehanism is frequently employed 
for throwing the dilTcrent motions int\) and 
out of action. You do not stop the engine or 
electric rnotoi’, but throw the clutch in and 
out, so making and breaking connection with 
the various motions. 

Further, the cluteh aiTangoineiits ;ire so 
designed that revei'sals of motion are eflVetcd 
without, altering the direction of motion of 
the engines. 'Phe same design occurs ovi'r 
and over again in many gi-oups of machines 
and machine tools. It eom[)!iKes simply |110J 
a douhle-cluteh (A), sliding and moved hy 
m(‘ans of :i lever to right or left, to engage with 
corresponding revei-se chitehes (B ('), east with 
hovel whe<‘ls, both (d which engage with one 
crown wheel (I-)), so that the sliaft rotating in one 
direction is made always to turn the crown 
wheel and its shaft in either one of two directions, 
according as tlio clutch is slid to right or l(‘ft. 
1'hcs(‘ nnif, clntches, as tia^y are ternu'd, arc 
used for both light and heavy machinery. 
Given sufficient frictional area, which is obtained 
by increasing tin* diameter and width, they are 
capable of sustaining the heaviest loads that are 
ev’cr required to he* o])erat('d. 

Cone fri<‘tion is also ('mploja^l on many 
machine tools for the purpose of starting and 
maintaining movements of parts. It is in the 
form of the rone clutch (friction feed) [Til .and 
112], No great elTort is required on tlie part 
of the attendant, hut the sinijile turning of a 
cross handh; [111] or a knob [112] ]mts it in and 
out of engagement. In 111 tlu^ pinion (A), nor- 
mally running loosely on its shaft (B) is tightened 
thereon by pressure against the coned neck, 
and then drives, or is driven, by the wheel with 
which it is in mesh. In 112 the cones are of large 
size, draw n in hy the knob and screw to travei-se 
a lathe cniTiage through spur and bevel goal’s 
and rack (not shown). Fig. 113 represents 
a cone coupling for shafts. It is often made 
with two reverse cones. The cone is tightened 
round the shaft, ends hy friction grip obtained 
by draw ing the split cone (A) along its sloiwe (B,) 
by the bolts (G), which are three in number. 
There is not much range in the useful angle 
for proper frictional grip in the foregoing figures. 
If too high an angle is given, slip will gcciir; 
if too low, seizing of the parts. In other words, 
the clutch surfaces will stick together so that 
they cannot be separated. T'he drawings are 
to scale from actual mechanisms. The surfaces 
in contact are turned to templet, to make a 
licrfect fit. No lubricant must come between 
them. Iron and iron are generally used in 
contact. Steel is not satisfactory, being liable 
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to seize, and as steel is often used for clutches, 
one is then properly lined with copper, which 
grips well with its fellow of steel without seizing. 

Coil Clutches. A successful device for 
doing away with the rigidity of the common 
cone clutch is the coil clutch [llSa*] of the Con- 
solidated Engineering Co., Ltd., of Slough. It 
substitutes an elastic frictional medium (the 
coil A), which, being forced endwise, contracts 
and grips the inner cone. The coning is very small 
in amount. It is instant in action, and requires 
little power to hold it in place. It amounts 
practically to a split cone, to which, however, 
it is preferable. No better proof of the efficiency 
of these can be given than the fact that they are 
in some cases used for transmitting as high as 
l,500-hor8e power. Pressure is brought to bear 
on the coil by any convenient means, as by the 
hand wheel, screw, and levers in the illustration. 

But a friction clutch need not bo coned. 
It may have flat faces, as in the Weston clutch 
[114] and modifications of it. Here discs of 
hard wood (A) as originally used are pressed into 
close frictional contact over their entire surfaces, 
and the grip is enormous. At present discs of 
steel and bronze have been substituted for 
wood, as they arc more durable. 

Sellers* Discs. Another form of friction 
drive used*to a large extent for nearly twenty- 
flve yearn past is tlio Sellers’ discs [115]. Two 
discs (A A), having a slight capacity for adjust- 
ment towards and away from each other, embrace, 
or arc released from contact with other discs 
(B and C) by a carefully graduated spring pressure 
acting on the globular boss scatings of A A. 
Motion is thus transmitted from the toothed 
gear adjacent, to B, through A A to C, by the 
simple frictional contact of the discs, and the 
lathe feed is thus actuated. This device, of 
course, also embodies provision, though not 
shown, for varying the rates of revolution 
between the driver (B), and the driven (C). A 
lover moves the centres of A A horizontally 
in relation to B and C, and thus produces en- 
gagement between the discs at varying radii, 
with consequent varying rates of relative speed, 
since the discs A A are capable of gripping 
B C at any radius. There is another common 
device — the bowl feed [116], in which a smooth- 
faced wheel (A) (the bowl) is driven by contact 
with the flat face of a disc (B) at varying rates. 
The variation is produced by altering the radius 
at which the bowl makes contact. 

Expanding Clutches. In another 
common form of transmitting-mcchanism the 
friction is that of plain cylindrical surfaces. 
As these cannot be slid into and out of engage- 
ment like the coned form, the inner ring (A) [117] 
is divided in the radial direction, to render it 
clastic (an expanding clutch), and a wedge (B) 
is used to force it open sufficiently to make 
frictional contact with the outer casing. The 
wedge is actuated by a key (C), thrust along by 
a cone (D), also an example of wedge friction. 
Clutch'es of this general typo in various modi- 
fications are used in hoisting-machinery, and 
in capstan lathes for the rapid throwing in and 
out of the hack gears. 


Expanding clutch rings are operated in various 
ways, one successful typo, Ho 3 rwood & Bridge’s, 
being shown in 118. The ring (A) in halves is 
thrust outwards to make frictional contact with 
the outer solid ring by sliding the clutch boss (B) 
on its shaft, and with it the toggle levers (C). 
The action is to turn screws of quick pitch on 
the pins {a «), which force the half rings outwards 
away from each other simultaneously. The 
hand wheel (D) is the means by which the mo vo- 
ments are effected, but this is a variable element, 
which differs in the numerous applications of 
the essential clutch mechanisms. 

Friction Gears. A fair amount of gear- 
ing is made without teeth or cogs. Fig. 119 
shows bevel wheels with snioolli faces, and spur 
wheels are made similarly. They drive and are 
driven by frictional contact alone. 

In another way friction is often utilised for 
tho tran.smission of power, in the wedge gearing 
L120]. Wheels transmit power by interlocking 
truncated wedge sections instead of by spur 
tooth. The advantage is that of very smooth 
running. In other words the friction is all 
used for driving, and none is wasted, as in toothed 
gears. Instant connection and disconnection 
can be made. T1nfortunately» this method of 
driving is not powerful enough for heavy loads, 
and its use is, tlierofore, restricted to light 
hoists. 

Shafting Bearings. In tho carlj’^ part 
of this chapter tho law was stated that 
friction was independent of the extent of sur- 
faces in eontaot. Now% that fact is constantly 
receiving apxflication in the bearings of shafting. 
Formerly shaft Ix'arings were short, from one 
and a quarter to one and a half times their 
diameter, and much trouble arose in consequene(‘, 
due to their rapid wear and seizing. Now 
their length is made from twice to three times 
the diameter or more [121], with resulting lessen- 
ing of friction per unit area, and greatly enlianced 
durability. Moreover, the higher the speeds at 
which machinery is run, the greater is the 
advantage of increased bearing length for tho 
.shafting. I’his is seen, among other examples, 
in the shaft bearings of blowers and fans, of 
circular saws, of mouldifig cutters, and of 
grinding machines, where it is common to find 
bearings from three to four times longer than 
their diameters. 

Lesseming of weight on bearings, with the 
object of reducing the intensity of friction, is 
studied. Thus, shafting of steel is substituted 
for that of iron, because steel may be of smaller 
diameter and of equal strengtli and stiffness 
with iron. Pulleys are made of steel instead 
of cast iron with the same object. 

Belting. Tho friction of driving belts is 
the important factor in their application. Belts 
slip if tho resistance of their work overcomes 
their friction. To increase friction as much as 
possible is tho reason why horizontal are pre- 
ferred to vertical drives, why a long drive it 
better than a short one, and why pulleys are 
selected, when possible, not greatly dissimilar 
in size. It is a question of amount of arc of 
contact. A horizon^l drive is better than a 
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vertical ono, l)e(?auHc tlie belt sags, and so lies over sufficiently to bring its trunk well outside 

better round its pulley on the driving side. In its centre of gravity, when its weiglit ruptures 

a vertical drive th(‘re is no sag. A long drive is the rtunaining libres, and it falls with a crash, 

better than a short one, Is'eause the sag is In another way rope friction is utilised, in 

greater. Using pulleys reasonably alike in the warning- cones on wharves and dock sides 

regard to si/e, the ])elt makes er)ntact round, and on shipboard. I'he coil of a rope twice or 

approximately, half the cireaimferenee, or ISO” thrice round the body of a capstan is sufficient to 

of arc, but Avith very large and very small bring the l)iggest vesstds to rest, or to regulate 

pulleys it makes much less than ISO”" of an? their <‘asting oft’ fi'oni their moorings into the 

round the small one, and tlu' belt inevitably stream. 

slips, an evil which is iiiereasf'd when the Rolling Friction. We now look brietly 

pulleys are n(‘arer together, or with a vertical at the other aspect of fiiction, that in 

drive. which the endeavour is made to get rid of it as 

Out of tills great fact of fric'tinn conu'S the an undesirable thing. With regard to the two 
important problem of the (‘fticieney of mac'hinery. kinds of friction, that of sliding, wJiich has been 

We have nienlioned that in some eas{‘s half, or discussed, and rolling, the distinction is a most 

more than half, tlie jiowi'r put into mechanism vital one. Imagine for a moment what would 

is lost in friction. If a mnclhne sustains sueli happen If a lirake strap and its wheels wen? 

loss, its eflieiiMiey is only 50 percent., aial, thomughly grcascal or oiled with such a scnsilik^ 

technically, that is it.s* modulus. Thi.s is thickness of lubricant that the brake and wlieel 

generally ascertained by means of a lirakc could jiot eomi* into actual contact, kach 

dynamoVneter, in Avbieh the absorption is particle of gri'ase or oil Avould be a, tiny globule 

measured directly. rolling between tJie surhiee anrl jinwenling 

Rope Friction. Th{‘ value of friction contact. Substitute for oil an infiniti' number 

is seen in the coiling of a rope round a bar for of minute steel balls — tlu* clli'ct would be tlu? 

the purpose of ])aying nut or drawing in, ap])lied same, to ])rcvent the surfaces from gripping at. 

in in.any Ijihorious task.s 'Phe ki’oourm- cmu ploys all. 'Phat would ho. nftling friction, substituted 

it in lowering lieavy wine and lu'cr casks into for the sliding friction of the band ami wheel, 

underground ei'llars, the woodman in h'lling TTcncc if twt) surfaces can Ix' separated by 

trees. A eroAvbar is driven tirmly into tie' a rollijig object, the friction Avhieli alisorbs 

ground at a considerable angle to ]»n‘vent the power is nearly eliminated. 'I'he ball and rolk'r 

rope from .slipping olT in tli(‘ vertical direction. bearings, now so emumou, emtiody rolling 

If a cask is bt'ing low'cri'd, the rope is payi'd out frkdion, ami are, theri'fore, to a gn'at (‘xtent, 

in easy stages, and din'c.tly the AA'cight Ix'gins frietionk'ss. .lust in ])ro])ortion as point or 

to overhaul, the ropi* is ]iulled round to make line eontaiit in these is sulisMl uti'd for surface 

a larger amount of eontaot with the bar, and so contact in the other class of mechanism is the 

thecaskdeseendssafely in a succession of stages. frietionle.ss idi al realised. Here fliftjou]tJe.s 

in till? work of I ivi'-felling then* comes a of manufacturing come in, and also the diftieulty 

critical period Avlu*n tlio tree apfu'oaches a state of permaiu'nee, because in jirojiortion as warn* 

of unstalilc e((uilibriutn. 'Pliat bnjipens when develops docs the ideal bi'eome defeated, 

the wood has been ehop]>ed away on the side These things will be found treated under Machine 

in the direction in which it is intended that Design, but it is nt'cessary to draw attention 

the tree shall fall, and sawn nearly through on to them liere. 

the side opposite. Th(*n several men ])iill on The ditlerenee b(?twecn rolling and sliding 
the rope attached to tin* upp(*r part of the tree friction is illustrated in 122 and 123. A hall or 

at one end, and passed round a single sheave roller will run doA\n a slope of I in ‘200 [122], 

pulley at tho other, firmly attached to a bar but a block of polished metal |123], will 

driven into the ground, and another man require an angle of 1 in 14 at least to slide down, 

tight.A'TiH tin? free end of tin* rope by coiling it Fig. 124 shoAvs a common device in which the 
once or twiia* round a. bar, also driven into the axle of a treadle lathe runs' between throe 
ground. The tree ))ends, hut is still so rigid, anti-friction rollers w'ith great ea.so of ir.ovement. 

that it would overcome the strength of tlie men Fig. 125 is a roller bearing, and 126, 127 ball 

unless the rope were made fast. 'Phe Avoodman hearings of two typos, 126 being for a revolving 
plies the axe again and tlie in(*n pull, another shaft, the equivalent of a journal, and 127 being 

coil is made, and so on until the tree is bf*nt om* to tiike up end thrust. 

Continued 
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withiilms gives the idea for this matter of cotton 
for the sewing machine - and of ribbon for the 
type\vriter. When all the films on a sheet have 
been exposed, the lot is wound up and taken 
out, and a new roll substituted. The same 
scheme should be practicable with a reel of 
cotton or a spool of inked ribbon. 

An Enemy of Mankind. Given a 
definite objective, men with ability to conquer 
difficulties will work. Such gigantic problems 
as the cure of (Consumption, cancer, and lt‘prosy, 
engage the minds of many of the greatest men 
of the ag(\ One by one, fevers and kindred 
ills are rendered subject to their skill. Jhit 
there are lesser problems for solution by lesser 
men. While the. present cours(c was in pre- 
paration — in 1905 — the savants of Paris 
soiindtcd a warning against that filtiiy pest 
— the common fly. 

This insect, it has long been knowm, carries 
corr motion and disease wherever it goes. To the 
many counts in the indictment against the fly is 
added the charge of disseminating ch(d(n*a, by 
whose ravages Europe, in 1905, was again alarmed. 
The horrors perpetrated by the fly cannot be 
commonly known, or the pest would not he 
tolerated year after year in every home in the 
land, in every plaecj whei'e food for human beings 
is kept. Nor can it be kriowm wliat a foe to iJie 
sick the fly can prove. 

It has been demonstrated that the common 
blowfly will deposit its grubs in the mouth or 
nostril of a prostrate invalid ; that those grubs 
will oat their way into th(i brain of the.ir viidim, 
and drive him or her mad. If th(5re were a 
plague of flies in China or Tibet, we should send 
out funds for their extinction, but, because they 
swarm in our midst, w'en^gard them as a matter 
of course. Perhaps it may be an inc(‘nfive to 
ingenious sanitarians if th(‘y be reminded that a 
Paris newspaper — the “ Matin ’’- has olfered a 
prize of £400 to the discoverer of the best method 
of destroying this dangerous imrasite. 

Commercial Possibilities of the Rat. 
Another plague by w’hich we arc more or less 
scourged is the rat. Its depredations represent 
a vast sum each year to merchants and dock 
companies, to say nothing of h^ss cionsidered 
operations in the shops and warehouses of our 
large towns. Moreover, like the fly, it has been 
proved to carry disease ; it carried bubonic 
plague to Glasgow. Rats have been known to 
gnaw the corpses of persons who have di<^d from 
infectious disease, and then to escape in freedom 
to spread corruption. Also, they liave been 
found to cause the deatli of children, biting 
their flesh as the little ones slept, until they 
pierced an artery. The rat has apologists only 
in those who regard him as a useful scavenger. 
But our sanitary authorities are not so inefficient 
as to need the assistance of these vermin. 
Perhaps, if tlie commercial possibilities of the 
rat were recognised, there might be greater hope 
of his numbers being diminished. 

The attempt was recently made to popu- 
larise the use of moleskin as a fur for ladies. 
Now, the mole is useful in the exttemo to the 
farmer, w^ho, although compelled occasionally 
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in self-defence to thin out the numbers of his 
subterranean ally, could not w^holly dispense 
with his services. The skin of the rat has 
decidedly a market value. Buckland mentions 
the importation of ratskins from Prance for 
glove-making, but adds that his information 
was that the skins were too delicate except for 
the finest wear. On the other hand, he mentions 
slippers made from ratskins which were hand- 
some, durable, and comfortable. The pelt of a 
grain-f(^d rat should make as good a covering 
for feet and hands as many other mysterious 
materials tujw^ sold as kid. 'I'hero is no waste 
in the modern manufactory, and the maker of 
gloves would be hard sot for ideas if he could not 
turn th(‘. hide of the rat to good account. Rat- 
skin by another name would be well enough, 
just as dog-fish sold in the shops of Die poorer 
neighbourhoods has a vogue, under another 
denomination. In some parts of the W'orld, by 
the way, the rat is a food staple. It is not 
popular as diet hero. Neither, for that matter, 
is the snail, although Soutli Dowui mutton owx\s 
its peculiar richness and nutritive qualities to 
the number of tiny snails eahui by the sheep 
witli the grass in which these small molluscs in 
myriads make tlieir Iniine. 

A King’s Prizes. 'J 'hese ai'e not schomtis 
seriously to engage tin.' time of many, though 
the man w'lio can rid us of such plagues as the 
disease -spreading ilies and rats will deserve well 
of his fellows. ^lori^ important to those for 
whom this 8(?ction of the SKr,i'’-RT)UCAT()tt is 
designed are such measures as are contemplated 
in connection with the Milan Exhibition of 190(). 
The King of Italy hims(;lf oilers £1,000 in prizes 
to exhibitors who comply with the conditions 
which he lays down. 

The first prize consists of £200 for the best 
automatic safety couplings for raihvay rolling- 
stock. This is a phase oi work wliich has long 
ballhal the railway eiiginecrr. For many years 
past railw^ay servants have been agitating for 
the introduction of such appliances as shall 
enabh^ them to carry on shunting operations 
with less risk to life and limb than is now 
inevitable, (-areful as are our great companies, 
the; list of casualties eaeli year among the many 
engaged in handling freight traffic at the gi-eat 
depuis is grievously heavy. The man who can 
invent the required apparatus will not only 
realise a fortune ; he will be canonised by the 
men to whom, by his invention, he ensures 
longer life and relative immunity from accident. 

A sum of £200 is offered for the best method 
of testing high-voltage electric currents without 
danger to the operator. Investigations in this 
field may reveal secrets not yet learned by the 
electrician. Tbe specific want expressed .by 
the King of Italy is sufficiently serious to 
warrant the investigation necessary. Perhaps 
the man who discovers the safe and certain way 
of testing high-voltage currents may also he able 
to point the w ay automatically to “ deaden ” a 
live wire fallen from its place. With the 
increase of electric trams in this country, the live 
wire becomes more and more a peril in everyday 
life. Our accident list is happily less heavy 



than that which America has yearly to mourn. 
It ought not to happen that if a live wire fall, a 
human being or animal coining in contact with 
it must almost inevitably be electrocuted. 

A Better House to Live in. The two 
largest prizes offered by ilio King of Italy are 
of £400 each — one for the bt^st and most original 
exhibit of machinery or manufacturing process, 
a competition of boundless horizon ; the other is 
for the best typo of popular dwelling adapted 
to the climate of Northern Italy. This latter 
appeals, of course, more specially to the Italian 
architect. It is suggestive, none tlio less, of an 
interest in the affairs of the people which might 
witli advantage be copied in other parts of 
Europe. The housing problem must l)e faced 
sooiuT or later in this country ; perhaps the 
example of the King of Ital^ may mspiro our 
Local Government Board to similar enterprise. 

1 1 is paying British architects too poor a compli- 
ment to imagine that tlm wretched hovels of our 
present-day mean streets are the btjst that they 
can furnish. Of equal domestic inh^rest is the 
£200 prize competition for the best established 
method of distributing liealthy and pure milk 
in centres of population. In England it would 
seem as if punishment of detected offence— - 
not prevention — is to bo solely relied upon. 
What the individual consumtT wants is a clieai* 
instrument which will tell him the composition 
of the milk sold to him as pure. If the poor 
housewife were able to detect the presence of 
fidded water and boracic acid in the milk for 
whi(d\ she pays her hard-earned pence, there 
would be less deleterious fluid given to add to 
the inlicrcnt weakness of infants. 

Navigation of the Future. Motor-boats 
are the subject of a £200 prize. In this 
direction England has given the lead to the 
rest of Europe. But the industry is as yet 
in its earliest infancy. A turbine steamer 
made the passage from Dover to Calais in 
1905 ill tifty-one minutes ; when the manu- 
facture of motor- boats is taken seriously in 
hand by the shipbuildt;r we ma;y get stout, 
dependable boats -which will carry us ^w;ross in 
half an hour. For inland navigation, as well 
as for sea-going, there is a great future for 
me(!lianically driven craft. If our canals are 
to be d(»veloped as they should bo, the old horsed 
barge will have to give way to faster carriers. It 
would not oven now bo impossible to build the 
kind of craft capable of carrying the requisite 
load at the speed desired. An important con- 
sideration, however, is the “ wash ” caused by 
such (sraft. There may be more of fancy than 
reality in the objectipns raised. Scotland, when 
she saw her first steamer, was afraid lliat all 
the banks of her inland waterways would be 
damaged beyond repair by the new-comer. Still 
Scotland stands where she did. 


iDiAd 

Telephoned at a Penny a Week. 

One point of interest to inventors is omitted 
from the Milan Exhibition's prospectus of 
prizes. The king’s list does not include 
telegrajiliy or telephony. J British inventors, 
remembering tliat Mr. Graham Bell, one of the 
earliest pioneers in telephony, is their country- 
man. have still to hasten with all ihtir energies 
if they are to maintain a place in the race for 
patronage in regard to this science. We want 
instruments which will record messages without 
the suhsoribers being present i)ei*Honally to 
receive them — messages which can be repeated 
at will. American inventors are working 
tow^ards the perfecting of such a machine. 
They promise, too, so to cheapen the whole 
process that before long companies will bo able 
profitably to operates the telephone at a cost of 
only five shillings a 5; ear to each subscriber. 
England will, of courst*, gain from any new 
inventions in the Unit(jd States— by paying for 
them. It is full time, however, that electricians 
in this country made their names heard again 
in this vast, profitable, and fascinatingly 
interesting field. The lato PostmasU^r-f^eneral 
declared that practically the limit has already 
been reached in long-distance telephoning. 
The inventor is under ol)ligation to remove that 
(lisability. 

A New Kind of Paper. Another industry 
to which the Milan Exhibition may give a stimulus 
is paper- making. For a certain class of paper, 
1 taly is our only rival. ’J’his make has been called 
forth by special circumstances. (.limatic condi- 
tions necessitate special measures in regard to the 
burial of the dead, and they have had to fashion 
a paper specially for post morhmi wrappings. 
The pa|)er for which British manufacturers are 
seeking, and seem at last on the way to find, is 
one of a somewhat similar character. Tho 
**lifo” of good paper in a library book is very 
long. The same pa[)er placed underground is 
much shorter. The fi*rmenting substances in the 
earth destroy it. 

Vast quantities of paper are required by 
Government and by private firms for electric 
installations undt;rgrouiid. It is an excellent 
non-conductor of ekaitrieity so long as it remains 
diy. When it becomes moist, however, its 
value as a non-conductor vanishes. * What 
manufacturers are seeking, therefore, is a payior 
which will resist damp as resolutely as does 
indiarubber. A secret y >100 ess is already under 
trial, but success is not yet announ(!(*d. '^Phe 
industrial yjossibilities of such pajicr arc not 
exhausted by its application to cleetrie cables ; 
shopkeepers nei^ a good cheap j)aper of this 
description. Tho fishmongers would be glad to 
do away with the basket if they had the chance. 
They are awaiting the advent of the moisture- 
proof puy)er. 
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Yokes and Kilted Frills. Evening Gowns and Cloaks. 
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Some Hints about Unlined Skirts. Paper Patterns 


By AZELINE LEWIS 


AT tho present moment transparent itiser- 
tions and fancy designs of lace, embroidery, 
and medallions of line tucking inserU^d with 
faggoting, are the leading features of dress- 
making, particularly in tho dainty and beautiful 
varieties of tho ubiquitous blouse. All these 
require good work, much care, and deftness 
not to stretch the material, an<l in neatening 
tho edges tliat are cut away beneath the inserted 
portion. 

If the design is curved or intricate, or any- 
thing is inserted separately, and the material 
a thin or flimsy one, tack it in position, S(‘w 
carefully all round the edges, and cut away the 
material on the wrong aide, following the shape 
of the insertion* and neaten round the edges. 

Fancy Yokes. For these, lace, narrow 
ribbon, velvet, or crossway folds may bo 
arranged in any design and united by faggoting, 
or variations of this. If crossway strips be used, 
these should bo from a J to f in. wide wh(m 
made up, for which it will bo necessary to cut 
tho material } in. or more in width, to allow for 
good turnings. Join canJully, open and press 
seams, snip selvedges, and fold down the edges 
on each side; then put tho two turned -in edges 
to face, and tack closely on the right side — 
be careful it docs not get twisted— then tack 
in the po.sition required before working. 

As to fancy neck-bands and cuffs, the variety 
of these is infinite ; and plain and tucked silk, 
net, Uwje, or chiffon, strips of lace, ribbon, or 
crossway folds, united by faggot stitching, and 
many other things enter into their composition. 
Some of the collars are quite straight, others 
like our drafting, this being a matter of taste. 
For such a neck -band, the edges and ends need 
only be hemmed, and tho fastenings may be 
either silk loops and tiny buttons or hooks and 
loops, both being, of course, quite small. If 
stiffenings are needed, they should be narrow 
silk-oovored bones of the depth of the collar, 
one for the back, and one on each side. For a 
transparent collar, a lining of chiffon is a great 
improvement. 

The cuffs must be made to the shape of the 
lower part of tho sleeve. If required to fit 
closely, the opening should bo only just long 
enough to allow the hand to slip through, and 
be neatened by a hem or narrow bind of the 
material, so as to show as little as possible. 

If stiff cuffs, collars, and revera be required, 
these must be made upon leno, stiff muslin, or 
canvas, and arranged on this in the same way 
as the skirt facing, unless the edge bo corded. 
If the inside is likely to show, the cuff must ho 
faced with silk or sarcenet. 


Kilted and Box « Pleated Frills. 

Kilted, or knifc-plcatcd frills, are now generally 
done by machine, but if theyanj to be worked by 
hand, the top edge of the strip sliould be turned 
in, each ph'at being small, and touching the last 
one. Tack the pleats down, being careful to 
keep them quite straight and to tho folds, and 
then press on the wrong side. 

For a box-i)leat, inak(‘ a fold to right and left 
of the required widtlj, tliis varying, of course, 
with the material and depth of flounce. For 
the double variety, two })leats an' made, one 
ov(T the other, to rigljt and left, which shonld 
be tacked dovv^i carefully. Tf deep, and the 
materi.al is rather stiff, several rows of tac'king 
may be recpiired to keep them in position ; 
them press on the wrong side. 

Kuohings are made in the same way as box- 
pleatings, and cither single, double, or treble, 
according to the material and ])ur[K)so for which 
they are required. The sewing, however, is 
done in tlie middle, and not at the top, as in 
box-pleatings, and no pressing is reciuired. 
For chiffon, or soft materials, the ))leating should 
bo as close and full as possible. 

Evening Gowns. Fashion changes so 
frequently as regards evening gowns, that it is 
not possible to do monj than give the worker a 
few broad hints. For the styles she will bo able 
to study the various fashion papers. Dresses 
of a light and delicate nature should never be 
attempted till the worker is an adopt at tho 
machine, and is able to make all kinds of crexss- 
way trimmings, pipings, folds, frills, ruchings, 
flounces, run-on ribbons, insertion, lace; and 
put on all thc^se things without injuring the 
fresh look of tho material. Tho delicate fabrics 
employed for evening and smart summer wear 
want a light, quick, and sure manipulation to 
maintain the; dainty freshness which should be 
their first charm. All dresses of a light and 
delicate texture should be linished as quickly 
as possible, and very groat care should be taken 
to see they do not get soiled. 

A washing overall should be worn, or a long 
apron and washing sleeves, whilst the hands 
should be kept scrupulously clean, and as cool 
as possible. To see that the machine is perfectly 
clean, try it on a strip of material before 
touching the garment, so that no unexpected 
spot of oil or dirt shall get to the needle, and 
so on to the fabric. Be very careful with the 
iron and the ironing-board and blanket, and 
spread a cloth or sheet on the floor when 
working upon or trying on the skirt. One 
or two of the latter should form part of a dress- 
maker’s outfit. 
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Tack strips of muslin to the skirt edge as 
Boon as finished, and also to any other corners 
and edges as soon as possible after finishing, 
and anywhere else that is likely to catch and 
get soiled. If the material, however, be soft 
and crushablo this cannot bo done, or, at any 
rate, it will require much care. But it should bo 
remembered that all frills and ruchings and 
ornamentations of this kind should not be put 
on till as near the finish as possible. 

A Draped Bodice. The two sketches in 
diagram 77 give two simple but very becoming 
arrangements of a draped bodice, the first for 
day wear, and the second a variation of the 
same model which clTectively transforms it into 
an evening affair. The day bodice is of fine 


as the vest fastens under it. Tlio neck-band is 
transparent and lined with chiffon, Jt bistens 
at thci back and has the bones arranged as 
described for fancy collars. The edges of the 
draped portion are turned in and liemmed, or 
just caught raw-edged to the material. 

The back may bo cut a little largiT than the 
lining, and gathered or pleated slightly at the 
(icntre of the back, or it may bo made the same 
as the front, but if so, this must be very carefully 
done to avoid a round-shouldered effect. 

If preferred, a plain “ stnitebed back ” can 
b(» made. This should bo cut on the (TOss, the 
fold fadvcd down the centre of the back, taking 
care not to stretch the material ; then smoothed 
out well towards the shoulders, across the back. 


cloth or cashmere, or 
material, with a yoke 
and under-sleeves of 
lace; whilst for the 
dainty evening bodice 
chiffon, cre])e de 
(/bine or organdie can 
bo selected for its 
expression, the neck 
being finished off with 
a folded fichu, the 
frill of which is edged 
with a ruehing of 
<!hiffon. With the 
first a pointed ruckcHl 
belt of silk is worn, 
and for the sc(!Oiid 
the gathered belt is 
arranged in a flat- 
pointed stomacher 
piece of stitched silk. 

For either bodice, 
the lining is made and 
fitted separately, ac- 
cording to the direc- 
tions already given 
for bodice - making, 
except that the fronts 
only are faced with 
2 in. of material on 
each side before the 
fastenings are put on, 
these being usually 
of the odge-to-edgo 
kind. 


any other thin and sup})lc 











1 , A DRArED BODICE 


houldors, and under tlie arms. Bo very 

carelul to get this 

^ without a wrinkle. 

Bin and tack in 
position, then tack 
shoulders and under- 
' seams together 

V ^ “iS'Chine-stitch. 

j evening 

^ bodice the founda- 
y tion should be of silk, 
though fine mer- 
I ccrised sateen looks 

( very well and is much 

less expensive. This 
V-shapod at 
aS*^ neat- 

\ 'vith binding, 

/ . 1 A when the material is 

4: .-43 I \ ^ arranged and the 

\ \ back and fronts sewn 

M sleeves in this 

case may bo of silk 
[\\\ \?v\\ chiffon, the latter, 

V ' i' ' W transpanait ones be 

' ’! ' I ) U desired. They are 

/ 1 1 as the otluirs, only 

I Jf the puffs are much 

U ^ deeper and fuller, 

T then gathered three 

' times across the 

lower part to form a 
second puff, which 


The shoulder and under-arm seams are left must bo sown to the ijliitfon or foundation. 


open till the right front drapery is arranged, 
which for this style is better pinned on one 
front, either on the stand or on the wearer, 
before cutting closely, when the second one can 
be cut exactly the same. From shoulder and 
front armhole it should be drawn somewhat 
tightly, but under the arm to the bust the folds 
may be a little looser. 

The yoke is arranged and s(^wn on the fronts 
— and the back also if wished — then the 
material fronts are gathered under the arms, 
also a little where the sleeve is inserted, and 
secured to the corresponding portions of lining. 
The front edges are gathered and drawn to- 
gether in the centre of the bust. The right 
side is caught to the lining, but the left is loose, 


The frills may be ac^cordion- pleated, edged 
with rucliing, which can be bought by the yard, 
or can be made by the worker, who must allow 
plenty for fulness. The “ chou ” bow whk^h 
finishes off the front consists of a double 
crossway piece of chiffon, rolled loosely round 
and round from the centre like a rose, from 
which depend ends of narrow ribbon velvet, 
finished off with little rose-buds of the chiffon 
arranged in the same way. 

In such a bodice lightness and quickness 
are of greater importance than very fine work. 

The bodice lining, as may be easily seen, 
could be cut round or squai*e as desired. A 
nan*ow china ribbon should always bo run 
through the neatening at the neck to draw 
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it up, unless a tucker be sawn in, when it is not 
necessary. 

An Evening Cloak. We have selected 
the evening cloak in diagram 78 because it is 
one of the latest shapes and is very simple to 
make, but, at the same time, is capabU^ of being 
' fashioned into a very smart affair, according to 
the materials and trimmings cmployiid. 

In our sket(!h it is compost'd of fine, faced 
cloth, lined with soft quilitid silk or satin, th(5 
trimming consisting of wide embroidered in- 
sertion, or jewelled embroidery, edged with 
ruchings of chiffon, two liandsomo ornamt'nts 
being arranged at each sidt^ of the nt'ck. 

From diagram 79 it will be seen that it is 
another variation of tho circular sha 2 )e, and the 
worker should now bo 
able to draft it with the 
aid of the mcaauies 
given, or from tho bodice 
pattern, allowing 4 to 6 
inches extra to tho chest 
measurement. 

To cut the pattern out 
of 62-in. cloth without 
joins, 5J yards are re- 
quired, though there is 
very little differenc(^ in 
tho quantity if iiicccs bo 
joined on. In faced cloth, 
each piece must bo the 
right way up of tlie 
material. 

Mark round, and allow 
ample turnings when 
cutting out ; tack up 
centre-back, also under- 
arm scams, as shown 
by the notch ; then 
machine, open and jiress 
carefully, first removing 
the tackings as explained 
for bodice. Turn in the 
front €>dges to the fitting- 
line over a strip of 
muslin, also lower edges, 
and tack down. Tack a 
piece of muslin to n(*ck 
and armholes, to })revent 
those getting sln'tched 
whilst tacking the lining 
in*t) 08 ition. This is more? 
easily done before tho sleeves are jiiit in, as the 
cloak can be spread out flat. The lining may be 
bought ready quilted or done by the worker, 
as preferred. If tho latter, join the silk, snip 
the selvedges, open and j)ress tlie seams ; then 
open out the wadding, tack the fluffy side to tho 
wrong side of silk, and stitch. If not quilted, 
the oloak may be interlined with domet. 

Whea the lining is tacked and felled in 
position at the seams, arrange, tack down, and 
press the box-i^leat in tho centre of sleeve ; tack 
and seam up as directed for bodice. Pin and 
tack sleeve in tho armhole, as indicated by the 
notches at l)ack and front, easing it well, and 
then fit on the cloak to sec tliat the pleat is 
qui^ right on the shoulder. If correct, stitch 
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the sleeve in position, cutting away the muslin 
which was put to prevent its stretching, and 
press lightly. Pleat, and make the lining exactly 
th(} same, tack in position, and then fell the 
edges to cover seams of shoulder and armhole. 

Turn in neck -edge over a crossway strip of 
muslin, and fell the cloak lining over the turn- 
ings : or the edge may be ncatened with a piping. 
Secure hooks and eyes —if wished — to right 
and loft sides, then turn in and fell tho quilting 
to tho cloak edges, being careful to pull away 
the wadding from tho edge, to prevent any 
undue thickness here. 

Now make the cuffs, gather and secure the 
sleeves between tho u})per (‘dge of these, when 
the trimming can be sewn on round neck, down 
the fronts, and round 
the cuffs. If a stole of 
silk or material is re- 
(piired, this must be cut 
from the pattern, as 
shown by tho broken 
line. 

A little pockid on the 
inner left side, felled to 
tho lining, with a piece 
of elastic at tho top, 
will be found a great 
im 2 )rovem(*ut, and can 
of course bo mfuie very 
j)retty, if wished, by 
being pleated or trimmed 
with ruchiiig. This, 
how(5ver, as well as the 
question of the further 
embellishment of the 
cloak, must bo left to 
tho taste of the worker. 

Unlined Skirts. 
Unlined skirts of thin 
material may be merely 
hemmed up and not 
faced, when the edge 
should bo jirotected with 
a roll, or “ rouleau,” of 
the material sown just 
inside the edge of the 
skirt. This is a much 
prettier 2 )rotective finish 
than braid or binding. 
An inside frill is also 
a desirable addition to 
such a skirt. This frill may be gathered or 
kilted, sewn on the foundation foot part, or 
merely to tlui edge ; hut with very smart 
gowns, one, tw^o, or three frills may be employed 
when there is no question of cost. 

Selvedges must be either cut off or snipped, 
or there will be a puckered effect at the seam. 
When sewing on plain, narrow velvet, hold it 
lightly, and just tightly enough to keep the 
outline, but not to drag or pucker the material. 
Sew it on with fine silk, making short stitches 
on the right side and long ones on the inside, so 
that the stitches will not show. 

Folded or swathed bolts should invariably bo 
cut on the cross ; this should be carefully borne 
in mind, or the effect of any dress is quite spoilt. 
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Joins must be carefully attended to, and 
placed so that they are not seen. Tf in the 
sleeves, the join sliould come in the under part ; 
if in a bodice or blouse, it may be arranged under 
the arm, but nowhere else unless it can bo hidden 
by trimming. On a skirt, all joins or additions 
must bo at the bottom — at the back part of the 
gores if to the width, at the foot part if for the 
length — when the join can be concealed by 
trimming. It should also bo remembered that 
all pieces added should be cut the same way of 
the material. 

In spite of the advent of the machine, it may 
be pointed out that handwork still more than 
holds its own in the liigher branches of dress- 
making, and (*ven tailoring. 

Pressing should generally bo done on the 
wrong side ; but if it has to bo done on the 
right, a cloth should bo first placed over the 
material to protect it. Light-coloured fabrics 
should always bo te.sted bf'forchandto sceif they 
will stand the heat of the iron ; in some cases it 
will quite change tlio colour if too warm. 

Empire gowns 
are dealt wdth in 
“Underclothing.” 

[See Tba-gowns.] 

The making of 
a Princess gowii 
is described in 
Tailoring. 

Paper Pat- 
terns. Wo have 
gone somewhat 
fully into the 
matter of draft- 
ing and cutting 
various patterns, 
because it is well 
for the worker to 
understand this 
method. At the 
same time it is 
quite possible to 
produce excellent results without this knowledge, 
and by the aid of good paper patterns. 

But these require management, and any 
atttmdant failure should not bo laid so irmch to 
their charge as to their manipulation and the 
wearer, whose measurements may deviate some- 
what from the correct proportions upon which 
“ stock size ” patterns are built. 

For instance, a figure whose general measure- 
ments may correspond with a 36- in. bust may 
have a narrower back or a longer arm than the 
pattern ; a tall figure may be shorter, a stout 
one taller, than the average of their “ build.” 

In taking these measurements, the tape should 
be placed over the fullest portion of the body. 

]n measuring for a skirt, for instance, lot the 
starting-point be the hips, 6 in. at least below 
the waist, because this may be smaller or larger 
in proportion to the measure, and it is easier to 
take in and widen the skirt the waist than 
to alter the hip part. 

• The outline should not be interfered with. If 
only an inch or so too short, lengthen at the 


bottom, but if several inches be required, insert 
a piece at the knee-lino all round, by which the 
outline at top and bottom is not interfered with. 

In the same w'uy, the skirt may be shortened 
by making a tuck on each gore at the same place. 

For a short, stout Avoman, pin the pattern 
round the hips, allowing it to drop in front till 
this hangs perfectly straight ; be careful to get 
the back right and quite oven before fitting the 
darts and seams from hip-line to Avaist. Pass 
the tape round this, pin in place, and mark 
caridully before cutting off any overplus or 
uneven parts at the top edge. 

With respect to bodice patterns, the same rule 
as to getting the measure of the fullest portion 
will nearly always hold good. Some systems 
vary, however, so it will be well to ascertain the 
necessary measures before sending for any 
putt (‘in. 

( )rie rule may Ix'. given : Get acquainted with 
each pieces of a paper pattern, and study the 
relation of the various portions to each other 
Ixifore putting together and cutting out the cloth. 

Also study the 
notches, and put 
those together 
Av h i 0 h c o r r 0- 
spoud, as these 
show where imch 
pic(J 0 belongs — 
thus, 1 notch to 
1 notch ; 2 not- 
ches to 2 others, 
and HO on. 

The Dress- 
maker. Though 
so many have 
taken up dress- 
making of late, 
there yet seems, 
unlike* so many 
careers, plenty of 
room for good 
Avorkers, who 
may be pretty sure of always lieing able to 
(command a market. 

But th(i work is hard and the hours long— 
Avhether th(i worker sot up for herself, or whether 
she Avork for another. It rtiust be remembeued 
that in dressmaking — as in most things — tluAUgh 
theory counts for mucdi, practice alone will make 
perfect, and no one should think of starting for 
herself without the knowledge thus gaincid. 

If the worker is desirous of perh'cting herself 
in the higher branches of dressmaking, it may 
be well to enter some good firm as an improver 
or assistant. Ajqircntiees in the best houses 
may have to pay a premium of £60 to £100 in 
the house, but if living or boarding out, £30 is 
the average fee. 

In dri'ssmaking, specialising prevails mon^ 
or less in large houses, and good skirt and 
bodice hands are nearly always in n^quost. 
KSleeve liands, too, an^ pretty sure of work. 

Fitting is always a separate branch, ancl as it 
is the most difficult, is the highest paid in the 
trade. 
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Dressmaking concluded 
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REIGN OF ALEXANDER THE GREAT 

Accession and Conquests of a Marvellous Reign. The Great Greek 
Philosophers : Socrates, Plato, and Aristotle. Closing Days of Greece 


By JUSTIN McCarthy 


Alexander's Accession. On Philip's 
death Alexundor ivimo to the throiu' ot Maoe- 
donia and its conquered states. Alexamler was 
then in his twentv-first year. His (‘ducat ion 
had been rcmarkabh* and exceptional in every 
sense. When a boy ami yoiitli lie had liad for 
his preceptor the illustrious philosojiher Aris- 
totle. He was under Aris1otU‘’s teaching for 
some three years, but his father had little inten- 
tion of encouraging his son to devote himself to 
philosophical studies, and was determined that 
he should begin as soon as possible the work of 
political and military governnumt. He Tvas 
but sixteen years old wdien his father, who 
was undertaking one of his fon^ign e<uiqu(‘sts, 
appointed him regent ot the kingdom, and 
Alexander was imderstood to liave shown much 
judgment, for(‘sight, and statesmanlike firmness 
in his manag(‘mcnt of aiTairs. We have already 
told the brilliant part he played at the Jbittl(‘ 
of Chajronea. He had no sooner come to 
the throne than ho found liimself com- 
pelled to carry on Ins falluu's warlike move- 
ments in Thrace and even outside the realms 
of Greece. He icccived suddenly the itews that 
the Macedonian gairison in Tliebes had been 
massacred, and ho rajndly retrac(*d his stt‘ps 
from the shores of the Danulie, recaptured 
Tliebos, slaughtered numbers of its defeiideis, 
and sold a far greater number into slavery. It 
is stated that Alevinder indulta'd in tlie 
exultant declaration that Demosthenes bad 
called him a child, but that under the walls of 
Athens he would prove' liimself, even to 
Demosthenes, to b(* a man. 

Many Conquests. The (^rei‘k states, now 
brought once again into submission, conterred 
upon Alexander the title, which lus father had 
formerly licld, of Command(‘i-in-Clii<‘f for the 
conduct of the war with Persia. Alexander 
crossed the Helle^poTit with an army ot 3thO(Xt 
foot and 6,000 horse, and won a brilliant 
victory over the IVrsians near the Rive** 
Granicus. The Persian army is stated to have 
numbered jnoie than 100,000 men. The Persian 
ruler was Darius 111., the deseimdaut of the 
brilliant family, of whom Darius I. was the 
most famous. Darius HI. began his reign in 
the year that saw Alexander the Great 
succeed to the throne. Alexander then 
continued his march along the coast in order 
to protect Greece from invasion by the foreign 
allies of Darius, and also to prevent Darius from 
receiving any assistance towards the lepression 
of uprisings which might occur among his own 
subjects. 

/ Darius, however, made more than one heroic 

Tl^ttempt to check the movements of Alexander, 
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but Alexander di'feah'd him in another 
battle. Then the conqu(*ror laid siege to 
the city of Tyrc', which ho capturc'd after a 
protracted struggle. H(' made himself practically 
master of Egypt, and tlu're founded the city 
of Alexandria, which ho called atter his own 
name. Honu' historians tell us that in order to 
conciliate thii inhabitants h“ went so far as to 
mako sacrifice to tlu' acci'jited divinities of the 
legion, not having any religious principles ot 
liis own .strong enough to juevimt him from 
performing tliis suignlai act of conciliation. He 
puiNued liis conqiK'nng way tliroiigli Palestine 
and As‘^yna, tra\(‘r‘'ed the Eiijihnites, whore* 
the Per^i.ins made no ^tmd. and the Tigris, 
whieli they uiisiiecessfiilly attonipt(‘d to defend; 
and on tlie famous battlclii'ld of Arbela he 
warn his third and decisive victory <wer Darius. 

An Army of a Million. The army of 
Darius numb'rcd ncaily a million of men, 
wlule the Macc'donian army had less than fifty 
thousand. Ah‘\ander became thus the possessor 
of a vast amount of gold and silver taken in the 
cities of Susa, Pei sepol is and P>abyion, with 
large .store's of jewels, the* pro[)(Tty of Darius, 
worth in .all some* thirty millions of our pre.s(*nt 
mone*y. The* v.iliie ol the‘se .spoils is ostimatf‘d 
em the auHionty of Jdutaieh, one of the 
gi’catest of Giee'k historians, w'lio l^'gan hi.s 
life atter the ope'ning of our Ghristiau era. 
and had thus ample time to collect and 
study his mateiials. There seems no reason to 
sup])ose the estimate extravagant, for Darius 
must unquestionably have had vast stores of 
we*alth in that part of his dominions. Darius, 
retreated to his eastci n provinces, and Alexander, 
teeling ccitain of victory, made no effort to* 
pursue* him. The fate of Darius was sejonde'oidcd. 
He was killed in his flight by one of his own 
salra ps who had t urued against him. Alexander 
came to Balivlon, where ho restored the temple 
vvliich liad been destroyed by Xerxes, and he 
occupied in suecesMion all tlie other capitals of 
the late sovereign. 

A Stern Conqueror. Ho was now 

sovereign of Pensia, which he made merely 
a part of the Macedonian Empire, and ho 
married Roxana, the daughter of a great 
Persian nobleman. Alexander did not show 
himself as merciful a conqueror during this part 
of his career as at its earlier stages. He 
exercised severe and even cruel reprisals upon 
some of those whom ho believed to be con- 
spiring against him. He was not yet satislied 
with his conquests, and was tilled with a strong 
desire to mako India part of his Empire. 

It happened that one of the sovereigns of 
a state in India was at that time engaged 
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in a feud with another Indian monarch, who 
besought tlio aid of Alexander against his 
rival, and the Macedonian conqueror probably 
thought this a good opportunity for his Indian 
dntei’prise. Alexander won a complete victory 
over this Indian King, Porus; and to cross 
the Indus and thus como upon I^onis, 
he caused a whole forest tt» bo cut down in 
order that he might construct a fleet for tlu^ 
passing of the river. Ho dealt so geiu'ronsly 
with his captive, ))artly no doubt witli the view 
of obtaining the genuine submission and alli- 
ance of r(U’U8, that ho allowed him to rt^lain 
his states on condition that Porus sliould 
undertake the duly of keeping all that part t>f 
the country in obedienoo to Alexander’s rule. 
The fleet Alexander had created had mcanvvhih^ 
coasted all along the shores, retm*ning by the 
Persian Qulf,^ with the object of satisfying the 
trading world under Alexander’s rule as to the 
budlitios for opening up «and carrying on an 
extensive commerce with India. Alexander, 
meanwhile, built ports, dockyards, and oven 
cities in the territories he had sulqugated, and 
when ho returned to Babylon ho U^d his army 
through deserts which had never hedoro seen 
the march of a militaiy force. 

’ Statesman and Soldier. Alexandei- was 
a groat Ktatc*.sman as well as a gio<it s(»ldier. 
Ho belonged to that supremo order of military 
conquerors who prove th('inselv(‘s to l)o the 
founders of imperial systems. He understood 
to the full that, no matter what military force 
ho could obtain from Greece, it would not ho 
Avithin his power to maintain liis rule over the 
Indian territorities by any other means than 
that of liberal and ('qual laws. Throughout 
his rule he showed respect for the national 
customs of tho peoples ho had conquered, 
allowed them to mainta'ii their own rc^ligious 
worship, even on certain occasions ofl't'iing 
fc^nal homage to their gods. Ho promoted 
far as possible the marrying of Mace- 
donians with Asiatic women, and ho did his 
best to promote a continuous commerce 
between Greece and the Past. 

Alexander was still a young man, only 
thirty-two years of ago, and might well have 
seemed to Ix' still approaching to yet greater 
conquests. His purpose evidently was to bring 
Greece into close commercial, political, and 
military alliance with Persia and the other 
Asiatic states Avhich he had conquered, and 
thus to create one vast Ma(!edonian Empire, 
-spreading over much of tho W'^est and of the 
East ^ 

The Death of Alexander the Great. 
While at Babylon he was suddenly stricken 
by a disetise which came upon him after a 
luxurious banquet. His illness was probably 
malarial fever. But Alexander took little 
account of it, continuing to indulge in heavy 
drinking ; and on the eleventh day of his 
illness it became evident to those around him 
that tho great career was coming to a close. 
The portents of the tragedy soon spreotl ; the 
goidiers crowded into the Royal palace, and 
many of them Avoro allowed to pass in 
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file beside tho bod of their Commander. 
Alexander was then unable to speak, and 
could only wave his hand in friendly acknow- 
ledgment of their presenet^. He had l^efore 
this become certain lliat Ids end Avas near, 
and bad given his ring as a memorial to 
Perdiccas, one of his lieutenants and friends. 
When some of those near him asked him to 
Avhom ho (b'sired to leave his crown, ho mur- 
mured that he desired to leave it to the most 
Avorthy, and tliat his only fi'ar was lest blood- 
shed should follow his funeral rites. Tlien 
eamo the end. 

A Great Policy. Alexander’s reign of 
conquest had lasted litth^ more than twelve 
y(?ars. He Avas ontj of tho groa((?st conquerors 
the Avorkl has knoAvn. We. ea.n clearly <liscorn, 
from what is told us by tlie historians who 
eaTue nearest to his tinu', t hat he had far higher 
and more slritesmaiilikc? pn)j(u‘ts than those of 
mere eonqiu'st and subjugatioti by military and 
despotic power. His policy Awas to treat th(^ 
eonqu(‘red countries with such equity and 
generosity as might make th(‘m his Avilling and 
loyal subjcv'ts; to omlow tlnun Avitli systems of 
governmtuit under Avhicli they should bo more 
fre(^ and prosperous tlian Ihey had over been 
before; to giv<' them political ami social 
equality, and to make it a personal an i patriotic 
interest with thorn to beiannc free citizens of 
his Empire. He had many faults, some of 
them groat faults. He had a vehement and 
sometimes ungovernable temper, and although 
in his bettor moods bo Avas eonsraous of this 
defect and stroA-o to control it, tliere wore times 
when it pass(*d beyond his control and drove 
him to deeds unworthy of smdi a man. 

Murder of Clitus. ( hio of those deeds was 
the slaying with his own hand of his friimd Clitus, 
who had saved liis life at the Granieus. Alexan- 
der and (litus and their brot her officers were 
banqueting together, and many of the officers 
paid compliments to Alexander in language 
which sec mod to the plain and sincere nature 
of Clitus to 1)0 that of the most fulsome 
flattery, such as Alexander ought not to hear 
without reproof. Clitus expressed his opinions 
strongly, and when Alexander, roused to anger, 
rebuketl his friend for such interference, Clitus 
reminded him that the sovenngn owed his life 
to the hand of his friend, and further told him 
that if he would not endure a just remonstrance 
he ought to associate only with slaves. Tliere- 
upon Alexander, who had probably been 
drinking very heavily, sprang up and stabbed 
Clitus with a javelin. The wound proved 
mortal, and it was said that Alexander never, 
during the remainder of his life, ceased to 
repuit the. crime, committed in tho fury of 
the moment, which had cost him the life of 
his Ix'st and most devoted friend. Many 
other evil deeds, the result of sudden un- 
governable passion, are recorded against 
Alexander, and although ho was usually mag- 
nanimous as a conqueror, yet he is accused of 
having been sometimes guilty of acttlal cruelties 
towards those whom he had subjugated. 
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Alexander’s was undoubtedly one of those 
uncertain natures which do not improve by 
continuous prosperity. Disappointment and 
what scorned to be the frustration of his plans 
he always boro manfully, and studied how to 
put things right and carry his enterprise to 
success in spite of overwhelming obstacles. But 
when victory had been accomplished Alexander 
Avas only too ready to indulge in the exultation 
of the hour, and allow his worst impulses to 
exert their full influence over him. We meet 
often in everyday life with men who can devote 
themselves to some great task in art or litera- 
ture, or in commercial enterprise, with per- 
severing spirit and unshadowed front until that 
work 1)0 fully accomplished ; and will then give 
Ihomselvcs up to an interval of sensuous enjoy- 
ment, and allow the worst impulses of their 
nature to have unehet^kod expression, as if 
such a time were a w’cll -earned holiday after 
the strain of their toil. 

A Complex Nature. Alexander apj)ears 
to liave been such a man. There wore in his 
nature two different men — one whom nolliing 
could turn from his enterprise until it had been 
aceomplished, and one the voluptuary who was 
then allowed to assert his own prerogatives for 
the time. .But it must remain to liis eternal 
honour that wherever ho went, as a conqueror 
he endeavoured ’ to spread th(» languages the 
literature, the art, and the civilisation of ({recce. 
Even his occasional toleration and patronage of 
idolatrous practices and of i)()lygamouH habits, 
W'hich gave occasion to much condemnation by 
historians, may be set down to his strong 
desire to gain the confidence of each newly 
conquered people, to indiu’c them to regard 
him as sympathetic and friendly, and thus w’in 
thentto become his pcaci^ful and loyal subjects. 

The body of Alexander was buried in a 
golden cofiin at Alexandria. The extent of 
his conquests, if studied on a map, must 
seem wonderful when we remeralKT the un- 
developed condition of travel in those far-off 
day», and the almost superhuman difiieulties 
wdricb a conqueror must have had to encounbw 
in transporting his armies througli vast regions 
of unexplored forest and swamp, and in \ising 
his rudely made timber fleets for the convey- 
ance of large numbers of men across the seas. 
The weapons of a civilised army in Alexander’s 
time had but little superiority over the weapons 
of the uncivilised tribes who strove to oppose 
his progress, and in the genius of the conqueror 
himself must have been found the sole key to 
success. The events that followed the death 
of Alexander bear the strongest evidence of 
the right he had to that title which has been 
universally given to him^Alexander the (Ireat. 

An Illustrious Era. The era to which 
belong the reigns of Philip and Alexander is one 
of the most illustrious in the history of the 
ancient world. It was not only— it w^as not 
even mainly — an era of conquests ; it was an 
era of letters, of art, of oratory and philosophy. 
Soon after the death of Alexander the genius 
of conqueeA began to pass away from (jreece. 
Alo^^ander’s death led to a quarrel m to thp 


succession. His wife Roxana gave birth to a 
son three months after Alexander’s death, 
and thi.s son, in the ordinary course of things, 
would have succeeded to the tlirone, but Alex- 
ander had also a half-brother named Aridrous, 
who claimed the succession. The mother of 
Alexander was still living and took an active 
part in the dispute. Tliere was. in fact, a family 
controversy over the succession, and in the end 
it Avas agreoil upon, as the only possible com- 
promise, that Ah^xander’s son and Alexander’s 
half-brother should botli he proclaimed sove- 
reigns. This division of a nominal authority 
between an infant and an iiuiapable youth only 
led to incessant family disputes, Avhich soon 
broadened into public divisions and interna- 
tional disorders. The Macedonian Empire broke 
asunder, state after state striving to restore its 
long-lost national indoperidoneo. For many 
years this struggle went on, and Macedonia 
had to resist invasion from all sides. Moan- 
Avlulo a new power Avas arising in Europe which 
Avas (o make itself f(dfc all over the Avorld— the 
poAver of Romo. Macedonia became in the 
course of time a ]>rovinee of Rome, and the 
Macedonian Empire Avas heard of no more. 

The Teacher of the World, This is 
a suitable time at Avliich to make a retro- 
spective survey of the groat works AAdiieh 
Avere accomplisluul in art and literature, in 
philosophy and in statesmanship, during the 
days of that Macedonian Empire. The name 
of Socrates may well liold the foremost place 
among those avIio thus made Grc(eee the teacher 
of the world. Socrates av;;is the son of a sc’ulptor, 
and was brought ii|) in Atluais, avIkto lie n^ceivod 
the education usually giA’on to young Athenians, 
but learned in addition, what was not then 
common, a considorahle knowh^dgo of geometry 
and astronomy, in wdiich he took a de(‘p inti'rest. 
He served as a soldier in throe campaigns, and 
display(*(l much courage, energy, and patient 
endurance; aud it is said tliat he amazed hifi 
more experionecd Avar comrades by his absolute 
indifforence to the bitter cold of a Avinter 
campaign as aaoII as to its danger. 

A Bold Philosopher. He followed his 
father’s occupation as a sculptor, and is credited 
with having accomplishi'd a marble group which 
was exhibited in the Acropolis. After a while 
he abandoned all occupati(.)n but that of a 
teacher of philoso])hy, and this ho taught not 
in schools, as oilier philosophers of his time 
had done, but in the public Forum, in streets 
and market places, in his OAAm liome, and in 
the homes of his friends. He? preached a more 
enlightened form of religion than that authori- 
tatively accepted in his day; he condemned 
intoloraneo of other men’s faiths, and he 
iiiculoated doctrines of right cousnes.s and 
purity, and the need of a constant pursuit of 
knowledge. Socrates would regally appear to 
have lieliovcd himself inspired by some higher 
power a.s an expounder of philoso])hy, morality, 
and religion, and he spoke out his sentiments 
with a boldru;ss which soon made him dreaded 
and detested by the rulers of the state. 
Finally, he was made the victim of a legal 
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impeaolimenl on tin* ground that ho was guilty its nature, and to those elements in the mental 

of blaspheming the recognised divinities of and moral constitution of human beings which 

Greece, of endeavouring to introduce to the it eould help to improve or to spoil. Plato lived 

):)eople new and fals^^ gods, and of striving to to a good old age. ITe died in his eighty-first 

corrupt the morals of the Athenian youths. year, and was soon by his friends for the last 

He delivered a spet'ch in his own defence, and time at a wedding feast. He died as ho had 

the courage and cloqiKmeo with which he lived through tlio greater part of his life — in 

defended his cause prol)al)ly aroused the piti- })eaee and in an atmosphere of happiness and 

less hostility of the Irihunal before^ wliieh he hope. 

had to plead. Although the vote of condenma- Aristotle. Aristotle was the greatest pupil 
tion against him was only eaiTiod by a small piato and one of the greatest })hilosophers 
majority, the court condemned him to die by of all time. He was born at Stagira, a Greek 

drinking a cup of hemlock. When thc^ appointed colony. Jn his eighteenth year he settled in 
time earno he quietly drank the hemlock, and Athens, and soon after became a pupil of Plato, 

died with all the composure of a philosopher Ue founded a school of rhetoric in Athens. The 

and a martyr. H<^ thus passed out of life in teaching of rhetoric included a certain amount 

his Hoyentieth y(*ar nearly 400 years bclore tlu‘ of instruction in law and in politics. When Plato 

Oliristian era.. cliod Aristotle hdt Athens find stayed for some 

Another Great Philosopher. Plato years in Asia .Minor with an old j)upil who had 

was oru* of the greatest among the (Jrock now become a man of power. Ho av as afterwards 

philoso])hers. There is some doui)t about the invited to ^laeedon by Philip lliat he might 

place of his birth. Tlio geruTal belief is (‘dueate Philip’s son, Alexandcir, and he continued 

that h(* was born in Athens, l)ut. it is also to V )0 the instructor of Ah^xandcr for three or 

contended that his birthidace was in the neigh- four years. When Alex/inder started on his 

bouring island, yEgina. The dis})ute is not. of cxj>edition into Asia, Aristotle returned to 

much import /> rice, for Plato must in either eas(^ Athems, and tlien^ found(‘d a school called the 

bo regarded a.s an Athenian. He was l)orii of Iiy(‘eum, because it was m'ar to the temple of 

ariatoeratic family, and a.j)pears in his youth to Apollo Lycitois. After (lu’ death of Alexander, 

have begun bv writing poems; ])ut be soon bis friend and protc'ctor, his teaeliings w'en‘ 
applied himself to th(^ study of philoso})hy, and regarded with disfavour by a powerful party in 
when he was nearly tw(mt y years old b(' beeanu* the Athenian state who were uneornpromising 
the friend and eoiupariion of vSocrales. That opponents of the Alaeodoiiian policy and pre- 
friendship lasted for some eiglit years, and th(‘ jiidiecd against. Aristotle, wliom they n^garded 
companionship was then brougiit to an eivl hy as one of those who favoured it. He was 
the death of Socrates. AftcTthe (loath of Socrates, accused of impiety -of endeavouring to set 
Plato left Atlu'ns and visited vSicily, parts of his pupils aga-inst. the ancestral divinities and 
Italy, and even l'’gy}>t, striving Avherever he ancestral faith. Aristotle knew from what 
went to add to his store of knowle(lg<‘. Kmnv- had bc'fallen Socrates how easy it was to 
ledp' was indeed tlu^ orn^ object of liis am* eoiiAdet of impi(*t.y anyone who end(‘avouro(l 
, bition. He showed no inclination for practical to inculcate a new religious doctrine. He 
politics, lie loved learning not nunely for ?t.s escaped from Athens and took ii]) his re?sidence 
own sake, but, because he believed that, through at (/alehis, in Eulxea, a large island in the /Kgean 
learning alone eould man know how to live Sea, Avhieh had beeome subjotd. to Atlums and 
a truly noble and virtuous life. is now part of t he kingdom of Greece. Aristotle 

The Teachings of Plato. Plato began ''vas not givcm long to enjoy the quiet of his 
his (xireer as a teacdier. He taught in the retirement, for not many montlis after he died 
Academy, a public e.xerciso-groimd planted Avith the ag(i of sixty-two. 
noble trees, and fromhis teach ings there his seliool Other Greek Schools of Philosophy, 

of philoso])hy IxH ame knoAvn as t he Academic. Then^ Avere many other philosophers and 
Plato a, Iso explained and expatiated on his schools of philosojihy in the great days of 
nhilosophie doctrines in his own gardens, where (treece. There was Zeno, the (Ariginator of the 
ho eould always gather round him a large number Stoic philosophy ; there was ])iog(mes, the Cynic 
of disciples and fri(*n(ls. Plato’s teaching Avas to philosopher, Avho in his maturer days turned so 
a gr(xit ext('nt a continued exposition of the eompletely against the extravagant living of his 
doctrines taught by Socrates, but ho made a youth as to make it his tlu'ory that man ought 
more systematic ofYorl. to associate tlu'in at once to subdue by hardship and physical pain all 
with the practical life of man and Avith man’s his sensuous cravings, and finally, according to 
higher life in the future. Plato contends that the common n^port, made his habitual home 
man’s highest ideal is the recognition of *‘the in a tub. 

good.” His interpretation of “ the good ” cor- We have already said something about the 
responds Avith that gi\-en by Christianity. He pot'try and the art of Greece, about her orators 
wou’d not admit that phxisuro is man’s good, and historians, and have only to add that the 
but on the other hand he Avould not adopt the closing days of the independence and power of 
principles of the (Vnio philosophers, that all the Greek states were the greatest days cf 

pleasure is in itself an evil~a do(‘trine which has Grecian genius since the earlier time when the 

to a great extent been accepted by the teachers poems of Homer were given to the world, and 

of many sects from that time to the presenjj^ He that Greece, when she passed for ^ges out of 

held that pleasure was good or evil according to history, passed away at least in a blaze of light, 
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By A. J 

reason why Bo van & Kirk call their 
^ priiuapal register of receipts and ])ayments 
Banlc Cash Booh is to emphasise (he fact that 
all transactions recorded therein pass through 
th(’ firm’s hanking account. An ins])ection 
of the entries on folio 15 will reveal this more' 
clearly. On Septeml)er 21st, 11)05, two amounts 
wt^re received of £1 5s. Od, and £5 4s. 8d., 
respectively, and th(‘S(‘ were ])aid into th(‘ 
hank as one total of £0 lOs. 5d. So it is with 
all lh(5 receipts ; they are hanked on the sam(‘ 
day they arrive, without any deduction. 

Petty Cash. If mont'y is wanted to ])ay 
petty expenses, a eluMpie is drawn and cash(‘d 
(as on Septcmhia* 20th), and th(‘ junior clerk 
enters in his petty cash hook particulars of 
th(^ cash received and of the manner in which 
he gradually disposes of it. d’rade creditors, 
except for small sums, are ])aid hy che(pi<‘, tlie 
(creditor’s own signal ur(‘ on the hack of th<‘ 
checpie (styled an (‘ndors('inent) l>eing an 
excellent form of receipt, (’ould anything he 
more charmingly simple than this systcmi of 
(hading with the cash ? All the money which 
(bourns in is di'hited to the hank, hc'cause the 
hank rcceivfs it — every penny of it— and all the 
checpies drawn, wdudher for petty cash, trade 
creditors, or any other purpew, are eivditixl to 
the hank hecaust^ the bank pays them. [See 
Bookkeeping Rides a and rA] 

We now understand what clYcct was })roduced 
upon Bev^an k Kirk’s hanking account ly the 
withdrawal of £1)0 in S(‘ptemher last for petty 
cash. The hank jiaid the various demands 
made upon it, and was thend'on; crcdit(»d, 
petty cash being debited with the corresponding 
amounts. £(>0 of the total is involv(*d in the 
amount of £.‘155 14s. 7d. brought forward in the 
bank cash book. Our copy of this hook does 
not go ha(!k far enough to enable us to tell 
how the £60 was made up, but we do know 
that, since September IDth, an additional £30 
has been drawn for petty cash — namely, £5 on 
September 20th, £15 on September 23rd, and 
£10 dn September .30th ; that is to say, £90 in 
all. We might now, of course, post the bank 
account to its niche in the general ledger, but 
the time for that is not yet. 

Stamps. Although wo are naturally anxiou.s 
to perceive the true bearing of a scries of trans- 
actions (such as we have in the banking account 
of Bo van & Kirk), and to give it due expression 
in terms of debit and credit, and finally to 
distribute the debits and creiiits among the 
ledger accounts concerned, we must not over- 
look a certain set of transactions which still 
claims our*attention. Nor must we forget that 
we are dealing at the moment with books of 
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origin.al entry. It will be time enough to look 
into tlie ledgers when we have prepared the 
(‘iitries in the fornuu* for posting to the latter. 

Trans, action (A) in our list is a humhlc3 one. 
T’o discuss postage stamps after reviewing a 
flourishing hank account is like descending to 
the valky after climbing the mountain peak. 
X('V(U‘theiess, it is perfectly certain that ofiioe- 
hoys and junior clerks who put careless and 
sl()V(‘nly work into the postage hook an^ throw- 
ing away ehane(‘s of self-diseiplino and future 
advanc(‘m(‘nt. This book is as much a book of 
account as the petty cash ho( 3 k, while, as may 
Im‘ seen from tlu' specimen given on page 194, 
it contains otluu’ information useful for refcTence. 

With ivgard to the* item of .5a. for stamps 
purehas(‘d on 8('i)t(‘niber 2()th, tlu3 usual practice 
is for the junior clerk to hand the money to the 
post-boy to he laid out in stam])s and duly 
a(‘count(‘d for. Tlu‘ junior clerk then enters 
th(‘ amount irj the payment or credit eoltftnn of 
the |)etty cash hook — r/.r., because cash goes 
out ; and, at the same* time, the post-boy 
('liters 5s. under date' of SeptemlxT 20th in the 
k'ft-hand or “ Beceiv(‘(l column of his j.ostage 
hook, h(*(anisc, from his point of vi(‘w\ cash 
comes in. 'I’hcn, in the payment c(fiumn, he 
(‘liters, day hy day, postages on letters, etc., 
until he is in danger of (exhausting his stock of 
stamps, wIh'II he go(?s to the junior clerk for 
more moiK'y. In this ease the junior clerk’ 
unit(\s both oni(’('s in his own person, but tliat 
makes no dinVrencc' to the procedure. 

The Invoice. Transaction (c), Sept. 24. 
Invoice r(;(^eiv(‘d from Orel k. Maekay for £57 lOi^. 

An invoice cannot he d(?alt w ith until the goode 
to whu^h it relates have arrived. * 

Before our invoice can he entered it has to 
submit to a species of cross-examination. It 
has already undi'rgone a direct examination 
by the senders, ^lessrs. Ord & Maekay, to 
ensure, as far as possihlo, that (everything w^as 
in order at the tinue of its despatceh. The 
questions put to tlue invoice an^ these : 

1. Is order numlx'r giv('n ? 

2. Are the goods properly described ? 

3. Are the quantities and measurements 
correct ? 

4. Are the prices right 'i 

5. Are the extensions and casting correct ? 

6. Has the agreed tradf' discount been 
deducted ? 

7. Are the terms and dating correct ? 

These questions are not all asked by the same 

person, but whenever a satisfactory answer is 
obtained it is acknowdedged by the examined a 
initifliB. 

The court of appeal for both parties is the 


£ 





OI.KRK8HIP 



orlgiiuil order sent by Bevan <fe Kirk aurl 
accepted by Ord & Mackay. To its })rovisions 
both the invoice and the gt)ods themsidves 
must oonforin. If th(Te is shortag(\ damage 
or en*or in the goods, licvan & Kirk may send 
a debit note to t)rd & Mackay charging them 
with the amount of the loss. On the other 
hand, Bovan & Kirk may ask Ord & Mackay 
to send them a credit note^ crediting them with 
the amount of the loss. 'Phe result is the saim^ 
either way. Bovan & Kirk obtain an abatement 
from the total of Ord & Mackay’s invoice 
proportional to the damage they have sustained. 
Assuming, however, that everything is in ordc^r, 
the invoice passes into the keeping of the 
Ibocountant, who gives it a serial number (808) 


marked boldly in blue pencil on the face 
of the invoice. He tests tlie arithmetical 
accuracy of the invoic(», or the junior clerk 
may do it for him, and then tlie next thing is to 
enter it in the Invoice Book in readiness for 
posting 1o the account of Ord & Mackay in the 
Bought ledger. 
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The entry made, the invoice is placed with 
the other September invoices until the monthly 
statements of account come in ; tluMi, if any 
dis(;repancieH arisii botwetm the statements and 
the ledger aeisounts, tin? invoices are referred 
to anti matters put right. After this the in- 
voictis are filed away in a bundle or box by tlu‘m- 
selves. By some accountants they are kept 
loose until the statements, luwing been paid, 
come back receipted. The ijivoiees bt'longing 
to the stiveral statements art', then attaelu'd 
thereto, and the papers are ])ut in among the 
vouchers, which st^ems a good Avay of dealing 
w ith them. 

Cash Sale. Transaction (d), SepternbtT 
2lst. Mr. Allday purchasetl for cash goods value 
€1 5 m. t)d. This is a class of transaction met Avith 
in every business. The simplest Avay of looking 
at it is to treat it as a cash sale (C. S.). It is a 
mere accident that aac know the name of flie 
purchaser. VVe should, of course, want tho 
information if Ave had sold thi^ goods on credit, 
but not iioAv. All Ave need think of is that cash 
i^ame in (debit C^ash), and goods went out 
(credit Sales). Accordingly Ave shall find the 
entry in our cash book so arrang(‘d. 

Transactions (e), (/), (</). Goods A\ere sol<l 
on credit as folloAAs : 

£ s. d. 

(#?) Sept. 21. Harold Springer 2 12 0 

(/) J. Bruce I! 4 H 

ig) Aird Bros. 44 9 10 

These three transa(dions belong to one class — 
that of sales. Th<u'ein they differ totally from 
(r), which was a purchase. We have aln‘a<ly 
explained that the system adopted by Bmati 4.V 
Kirk in connection with their credit sal(*s is to 
enter them at (convenience throughout the day 
in the sales day book, the scv(‘ral invoice's 
Ixdng (jopied therefrom. 

The entri(\s will apjjcar in tlu^ day book as 
in the Table given herewith. 

Our study of seh'ctt'd transactions will be 
rt'sumed in due course, and then^by an e.xeel- 
lent opportunity Avill b(^ (Twated for earnest 
students to grapple Avith the tiansactions 
lettered (/i) to (a), it should be pointed out 
that for tlie sake of simplicity a record of 
transaetion {1) has been inserted in the invoice 
book in anticipatiem. 

Relation of the Journals. Those of 
us Avho are readers of thi’illing romance's 
like “ lA^anhoe ” or “The Wiinderiug Jew” 
know' well enough tliat story- tellers often 
leave the hero or chief character in desperate 
plight while they invite us to follow for a season 
the adventures of the minor charaeders. This 
practice is styled “ gath(?ring up flu* threads.” 


VVe have sonudimes rebelled at such treatment 
as being a nu'n? stage device', knowing in our 
hearts, hoAvcver, that it Avas essential to the 
unity and e(|ui})oise of the story as a Avhole. 
Something of this sort happens in the study 
of bookk(‘(‘ping. Avhieh, though not a romance, 
may lay claim to its lu'roex — which are the 
ledgers ; its priruapal chara^ders— which are^ 
the books (d original entry ; its minor characters, 
the supplementary records. To change the' 
meta])hor, all ])arts of our subject must aclA^anee 
by n'gular steps. We cannot storm the citadel 
until w'c hav(^ captured th(? outw'orks. Hence, 
Av^' bav'^t' ]irocoeded on the assumption that w'hen 
all th ‘ journals an' undc'rstood, it will be easy to 
k'arn how to kec'j) the ledgt'rs. 

The Cash Book. By journals avc mean 
the books comprised in the list of “ books of 
original entry ” [see page 77H]. One of the most 
important of such journals is the cash book. 
Many authorities d(;ny that the cash book is a 
journal, and as stAon as we are w(*ll grounded in 
the priiK'iples of double-entry we must examine 
their contention, Avith a vi(nv to deciding which 
is tlu' morf3 scientific theory. 

Discount Transactions. Whcdlu'r we 
sf)eak of llui oasli b(Aok as a journal or as a 
part of the k'dger bound up separately is 
immaterial, so long as its form and functions 
(•(‘main the same. 

W(' an' already familiar with tlie form and 
ruling of a cash book, a sp(*.(*.irm*n folio having 
Im'cu given in th(^ last chapter, Avhen wc were 
dealing Avith some typic*al transactions of the 
firm of Bevan & Kirk. (Continuing our study 
of these we eonu' to : 

Transaetion (//). Sc'ptember 22nd. Received 
from Messrs. Brown &; Idd., rh('que, 
value £10 Is. 9d., in scttloment of account 
£10 Os. lid, less 21 per ec^nt. 

So ma?)y of Bevan Kirk’.s eustomi'rs avail 
themselves of diseourit terms that a discount 
column has been rultd on the left-hand side of 
the cash book on purpose to aceornnuxiate items 
of discount allowed. Ktudi item is ('nten^d in 
a liTU' with tlu' cash item to which it ndates ; 
thus, Messrs. BroAvii rc'iuittcd £10 Is. 9d., in 
payment of an account of £10 (is. lid. '■--that is, 
th(*y deducUMl 5s. 2d. discount , being 2^ per cent, 
on the latter amount Since, to Bevan & Kirk, 
the ehetpK^ is a receipt, the value of it is 
entered on the n'ct'ipt or debit or left-hand 
side, of tlu' cash book, and in a liru' therewith 
on the same side, discount 5s. 2d. is entered in 
th(i discount columri. All this, of course, is a 
mere preparation for posting in the ledger 
itself. 


Continued 
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OUR OWN COUNTRY 

Position, Form, Structure, and Climatic Conditions of our Islands. 
Vegetable, Animal, and Mineral Productions, with their Distribution 


By Dr. A. J. HERBERTSON and F. D. HERBERTSON, B.A.v 


The British Archipelago. Britain, or 
the British Tslen, consists of the large island of 
Great Britain — divided into Scotland in the 
north, England and Wales in tlic south — and the 
smaller island of Ireland lying to the west. 
The least distance between the Scottish and 
Irish coasts is only about 14 miles, the short(‘st 
regidar service is 35 miles, and the mail roul<‘ to 
King8to^vn, near Dublin, rather ov(‘r GO mih's. 
Lying off these two main islands are many 
smaller ones, of which notice the Orkneys and 
She.tlands, lying north of the extreme north-east 
of Scotland, the Hebrid(‘s and other islands 
fringing its w’cst coast, the Isle of Man in the 
middle of the Irish Sea, Angl(‘s<‘y, s(‘parated 
from Wales by the nar- 
row Menai Strait, the 
Scilly Isles otT the (‘X- 
treme south-west of 
England, and the Ish^ of 
Wight otT tlio South 
(kiast, near the middle, 
separated from the !nain- 
land by the narrow 
straits of the Solent and 
Spithead. The Chanm 
Islands, near Fn'tieh 
waters, are politically, 
though not geographi- 
cally, ]uirt of Britain. 

Altogethtu’ there arc? over 
5,(X)0 islands in the 
British Archipelago, 
many of which are iiktc 
uninhabited rocks. 

The British Seas. 

West of the British Isles 
is the Atlantic Ocean, 
separating them from 
the New World hy 
nearly 2,000 miles of 
ocean. Ireland, separated 
from Groat Britain by 
the shallow Irish Sea, 
which is entered from the Atlantic; by the North 
Channel in the north and by St. ( k*orge’s Channel 
in the south, lies like a breakwater oft’ the central 
portion of the larger island, shielding half of its 
western coast from the full force of the Atlantic 
storms. The eastern shores of Great Britain 
are washed by the shallow North Sea, which 
opens by the narrow strait of Dover into the 
BTiiglish Channel. These shallow seas arc 
unfortunately dangerous to navigation owing 
to the numerous sunken rocks and sandbanks, 
of which the Goodwin Sands have perha2)s 
the most infamous reputation. I'lie Dogger 
Bank* covered by shallow seas, about 80 miles 
qAF the Yorkshire coast, is a rich fishing ground, 
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visited by fishing fleets from tlu* surrounding 
lands. 

The British Coasts. 'fhe Atlantic 
coasts difft*r eonsiderahly in character from those 
of fhe more confined seas. The former are, as a 
rule, rugged, mountainous, and deeply cut into 
fionis and islands. Here the sea has drowned 
the lower ends of the valk‘ys, ])arlly ]irol)ably 
through the gradual sinking of the highland areas. 
These dec'p inlets are call(‘d loughs in Ireland, 
and firths or lochs in Scotland. A glance at the 
map shows how characteristic they are of the 
.Mlanfic coasts, not mtuvly of Britain, but also 
of Norway. The coasts surrounding tlu' con- 


fined seas, on th<‘ other 



liand, arc, as wa; should 
expect, gcTK'rally low, 
and often sandy, with 
high clitTs only where the 
highlands come down 
tothcs(*a. The; famous 
white (‘lifts of the South 
Coast, d('ar to th(‘ w'an- 
(h'rer honu'ward hound, 
an* the edge of the 
low chalk heights of 
southern Kngland. 'Die 
riv(*rH tlowing to the 
shallow s(‘as from long 
estuaries are quite 
difh'rent in scenery and 
mode of formation from 
(he fiords of the Atlantic 
coast [65], though on a 
map they look very 
similar. 

The coasts, therefore, 
both of the Atlantic and 
of the .shallow' seas, aro 
deeply penetrated by 
water, so much so that 
no place in the British 
Isles is 100 miles from 
the nearest sea [m 
lljo deep estuaries wind 
far into the land, permitting ocean-going ships to 
dis(’hnrge their goods almost in the heart of the 
country. 

There is a remarkable though accidental 
symmetry in the situation of some of the more 
important of these ojjenings, which are arranged, 
as it were, in pairs. In the South of Scotland 
the head of the Firth of Clyde on the west is 
only about 25 miles distant from the head of the 
Firth of Forth on the east. Similar pairs are 
the Mersey and Humlier, about 80 miles apart, 
and the Severn and Tliamos, 100 miles apart. 
Communication between the eastern and western 
seas by ship canal would consequently not be a 
very difficult matter. 


BKlTISfl COASTS A\I) A \OR\VK(UA.\ FtORO: 
A COMCARI.SON' 
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66, THE HRITISH ISLKS AND THE SKA 


Showing the aciiessibility of the interior portions to the sea 


Position of Britain in Relation to 
the Continent. Britain is a fragment of 
the mainland of Europe, cut off from France, 
her nearest Continental neighbour, by the sub- 
mergence of the Calais-Dover isthmus. Tlie 
shores of France are clearly seen from Dover, 
which is only 22 miles from Calais. Note also 
(1) that the estuary of the Itchin, or Southamp- 
ton Water, is opposite the estuary of the Seine in 
northern France, from which it is just over 


100 miles distant ; (2) that the estuaries of the 
Thames and Stour on the cast coast of Phigland 
are. exactly opposite the mouths of the Rhine 
on the opposite coast of the North Sea, at ap- 
proximately the same distanee ; and (3) that the 
estuary of the HumlxT furlluM* north on the 
east coast of Britain is opposite the estuary of the 
Elbe in Germany, though in tliis case the dis- 
tance is not far under 400 miles. Britain, there- 
fore, is insulated, but not isolajted, as has been 
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wittily said. Her island position protects her 
against invasion by land, and saves her many 
costly military burdt'us. On the otlu‘r hand, the 
warder seas arc not uhi broad for her to keep in 
touch with the marcii of civilisation and ideas in 
Europe. 

Bridging the Seas. The ostuari(‘s which 
help communication by sea impede it by land. 
Some of tht'se have then fon^ been bridged, 
and others tunm^llcd. In Scotland tlic estuary 
of the Tay is bridgiid at Dundee by the Tay 
Bridge, over two miles long. Further south the 
towering Forth itridg(‘, I ^ miles long, unites 
the opposite shores of the Fortli. The Meriai 
Bridge connects Anglesey with tlie mainland. 
The Sev(*m ami ^J’luum's an' both bridged and 
tunnelled. Various seh(‘rm*s are suggested tor 
uniting the two sides of the English Fhaniiei. 
Of these a channel ferry is probably the most 
feasible. 

An Imaginary Map of Britain. If the 

sea round the British Isles were to rise' bOO feet, 
the present islands of On'at Britain and Ireland 
would be transformed into an archipelago of 
many islands, larg(? and small, most of them v(‘rv 
irregular in surface, 'riiese islands would 
represent those parts of Britain at present 
more than bOO feet above sea-levi*!. Tbe seas 
separating them would represent the parts 
at present h^ss than bOO fe(‘t below s<ai-level. 
Fig. 67 shows what the new map of tlu‘ British 
Isles would look like. Beginning in the north 
we should liave, vvh('re Scotland used to he, 
two large islands sefiarated by* a long, v(*ry 
narrow strait. 'I'h<*se would ri‘pri‘H(‘nt the 
North - wohUtii and Grampian Highlands re- 
spectively, and might bo called North Island 
and Gram[)ian Island. The long, narrow 
strait between — a more silvcT streak — would 
represent Glenmore — the Great Glen- the long, 
narrow valley at jiresent filled by a chain of 
lakes connected by the Caledonian Canal [67). 
South of Oramj)ian Island «a stretch of broad(‘r 
sea, in places nearly 50 miles wid(‘, covt'ring 
the broad valley whi(;h has been riven by move- 
ments of th(‘ ('-arth's crust between tlu' moun- 
tains on either side, would be studded by 
islands repn'senting the Campsie Fells, the 
Oehils, and others. In the east a long, narrow 
island, rcjiresenting the Sidlaw Hills, would 
Im? soparati'd from (Jram[)ian Island by a 
broadish strait representing the present vale of 
Strathmore. Still further south the mountains 
of southern Seotland, the Southern Uplands, 
would form a large, irregular island, si'paratvd 
from islands representing the northern ui>lands 
of England, by a narrow strait similar to that 
of Glenmore, and representing the present 
Eden and Tyne valleys. 

Imaginary Islands. Tlie northernmost 
of these English islands. North IVnnine 
Island, representing the mountains of Cumbiu - 
land and Westmorland, and the Northern 
Pennines, would bo cut by deep arras of 
the sea, representing the Eden and Luno valleys. 
An extremely narrow' strait, corresponding to 
the valley of the Aire, would separate North 
from South Pennine Island. Off these, to the 
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east, separated by a broad strait covering the 
present vale of York, would lie a group of islands 
repn’senting the Yorkshire Moors and Wolds, 
while off the south-west would be a large 
compatd island, representing the Cambrian 
Highlands of Wales, siiparated from the South 
reimino Island by a broad strait covering the 
present counties of Lancashire and Cheshire. 
South of the Island of Cambria, and separated 
from it by seas somewhat broader than the 
])resent Bristol Channel, would rise islands 
representing Exmoor, Dartmoor, Bodmin Moor, 
and other h(‘iglits of Devon and Cornw.all. 

Eastern Ilelghts. The islands in the seas 
to the east of these islands — east of a line drawn 
onour pnssenl niapsfrorn the mouth of t heExe in 
Devon to tlie mouth of the Tees in Northumher- 
iand — wouldhe small and far apart ; while east 
of a line drawn from the head of the Hnmbc'r 
estuary to the head of the Thames estuary 
solitary islets would represent the hills of 
Norfolk. JVlost of the islands of what W'e may 
call tli(‘ English Archipelago would lie in roughly 
])arall(d lines, miming from south-w'est to riortli- 
east. The most nortlu'rly of lliesc chains of 
islands would re})res(‘ni the heights, often rising 
steeply from the plain, which separate the 
basin of tlui Severn to the west from that of tlu' 
'Pharnes to the east, the highest being the 
Mendip Hills of Somerst*!, and tin* (V)tswolds 
of (Jloueestc'rsliire. The next chain, with their 
chalk cliffs, would n*pres(‘nt the chalk heights 
of Dorset and Wilts, theChiltern Hills, and th(‘ 
heights of Bedfordshire and Camhridgijsliire, 
while many of the straits )>etwe(‘n them would 
correspond with tlu‘ valleys of the lliarnes and 
its tributaries. A eresoent-shapod group of 
small islands still further south, also with chalk 
•(iilTs, would reprcsiuit the present North and 
South Downs. 

In Ireland wo should have two archipelagoes 
of islands of no great size, separated from cacli 
other by a ]\Iidland Sea at least GO miles wide, 
unbroken by islands except in the west. The 
Northern Archipelago would include the moun- 
lains of Idster ami Northern Connaught, the 
IMidland Sea w'ould represent the midland 
plain, of which a line drawn from Dublin Bay 
to Galway Bay is approximately the southern 
boundary, while the islands of the Southern 
Archif)clago would represent the mountains of 
Munster and South Leinster. 

The Actual Map of Britain. Com- 
paring this map with the present relief map 
of Britain wo see that Great Britain, the larger 
island, consists of two very different portions 
diviiled from each other by a diagonal line 
running from south-west to north-east. North 
and west of this Exe-Tees line lies a highland 
region, with few lowlands. South and east of 
the Exe-Tees line is a lowland region, with few 
highlands. The highland region consists of 
older, harder rocks, and is related in structure 
to the mountains of Scandinavia. The lowland 
region is formed of younger, softer rocks, which 
have been worn away over a largo part of its 
area, leaving the three lines of heights already 
mentioned. This part of Great Britain is akin 
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67 . THE BRITISH ISI.KS SURMERdKI) TO THE IIEKIITT OK 600 FEET 
Thft actiml ooafttlinc forms tlie 100-fathom depth-line, or edtze of the Continental shelf 


to the neighbouring mainland, and forms part 
of the European lowland. Ireland is a plain 
diversified by heights, and not a highland 
region divisified by lowlands. 

The Lowlands of Scotland. We 
must now notice more in detail the position of 
the lowlands, for in these the population of 
the country is concentrated. Observe how the 
north-west of Scotland and the adjacent islands 
are almost entirely highland. There are 
lowlands in Lewis, the largest island of the 
Hebrides, in Islay, Arran, and others; but on 
the west coast of the mainland, as far south as 
the Firth of Clyde, the mountains come right 


down to the s('a. In the east are the small 
lowland of (-aithness in the far north and a 
narrow coastal lowland which runs almost 
unbroken south round the Moray Firth, and 
widens in Elgin and Banff to the lowland of 
North Aberdeenshire, with its group of busy 
towns. The area of tlu'sc^ small lowlands is 
inconsiderable compared with the great compact 
mass of the highlands. In such a country, 
therefore, consider the value of the natural 
rift of Glenmore, which affords a uni(pio means 
of communication between east and west. 
Equally clear is the importance of the Tay 
valley, which connects the Highlands with the 
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Midland Plain of Scotland, where the population 
of the country is concentrated. In this plain, 
which extends, broken by numerous heights, 
from the estuary of the Clyde to the estuary of 
th(5 Forth, lie, as wc should expect, almost all 
the important towns of the country. 

To the south of it the Southern Uplands widen 
out again, with coastal low'lands in the east 
and west. The eastern lowland narrow's abruptly 
wlu're first the f^mtlands and then the Lam- 
mermuirs approach the s('a, making Kdinburgh, 
at the base of th(* Pentlands, the key of Scot- 
land, and J)unl>ar, at the base of the Lani- 
mermuirs, th(‘ key of Kdinburgh. The ('h(‘viot 
Hills eonn(*et the Soutlu-rn Uplands with the 
Northern Uplands of Kngland. Througliout 
this region the lowlands ar(‘ chiefly associated 
with the river valleys. Notice the importance 
of these m(‘ans of communication. The valhys of 
Annan and Clyde providi' a direct route to th<‘ 
north ; the Tweed valley -the only populous 
part of the southern uplands — opc'tis iif) the 
country from east to wi'st ; and a route to the 
south is afforded by tin* valleys of tlie 'Ft^viot, 
a tributary of the Twa'c'd, and of the Jdildcd, 
flowing to Solway Firth. 

The Lowlands of England and 
Wales. The Tyne valley- or th(‘ Tyne gap, 
as it is often ealled- is a route between east and 
west, between the ('Ijeviots and tin* Fennin(‘s. 
Notice also the Kden lowland in the west, 
driven lik(^ a vvt'dge betw'een tlie l^‘nnines and 
the Cumbrian mountains of (^imberland and 
Westmorland, and its importanei* as a route. 
The lowland of York, ('nst of the Pennines, is 
drained by the Ous(' and its tributaries, one of 
whicdi, the Ain‘, divides the Northern from 
the Southern IVnnines, Tht^ Aire gap, like the 
Tyne gap, is all important as a rout(‘ between 
the lowlands east and w'est of the Ptamines. 
West of the Southern Pcainines, the ('heshin' 
plain between tin* JVnnines and the Welsh 
mountains opens from the etaitral plain to th(‘ 
Irish Sea exactly oj)posite the Midland Plain of 
Ireland. It is eonsecpiently the most direct 
roiito between the capital of England and the 
caj)ital of Ireland. Wales has a coastal lowland 
continuous with the (-bc.shire plain, narrow' in 
the north and west, but broadening out in the 
south along the northern shores of the Bristol 
Channel. Towns and rout/cs in Wales an^ 
chiefly in this coastal lowlantl and the valleys 
. opening to it. The southern lowland of Wafes 
opens by the Severn valk'y to the plain of 
England, the northern part of which is drained 
by the Trent, flowing to the Humlx’r, and by a 
numl)er of rivers flow'ing to the Wash, of which 
the Great Ouse may be rioted. The southein 
portion of th<* plain, which is broken by numerous 
heights, i.s drained by the Thames and its tribu- 
taries, and by smaller rivers flowing to the North 
Sea and the English (,'hannel. 

The Lowlands of Ireland. In Ire- 
land the Midland Plain is the chief lowland, 
running east and west across the country. 
The other lowlands run for the most part north 
and south, folJow'ing the direction of the rivers. 
In the north the lowlands of the Foyle and 
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Eine separate the mountains of Donegal and 
Sligo on the west from the central heights. 
Fiirth(‘r east, betw'cen the.se and the Antrim 
and Mourm^ mountains, are the lowlands 
drained by the Blaekwater and the Bann. In 
the W'est the Shannon, a river of the plain, 
cuts its way between the mountains of 
'Fipperary and those of - Galw ay and Clare, 
much as the 'rharnes }>as done across the chalk 
heights of soutliern England. Look out in 
the map the lowlands of the Black water, east 
of the Kerry mountains of southern Ireland, 
the ext(‘nsive lowlands drained by the Barrow' 
and its trihiitjiries, which s(‘parate the* central 
heights of southci’ii Inhind from the Wicklow' 
mountains, and the lowlands south of these, 
drained by th(‘ Slancy. 

Climate of the British Isles. Our 

climate is greatly influenced by the proximity 
of all ])arts of our islands to the sea. a eircum- 
stanee which makes our winttus mild and our 
summers cool. I'ho avtaage, or m(‘an annual 
tf'inpcratiire of tlu* lowlands of Ihigland a/id 
Ireland is ovct IS K.. while in the I.ow'ct Thames 
vall(‘v, rouufl the south coa.st of Kngland, and 
in th(‘ lowlands of Cornwall and Ihnon, it is 
over oO ' F. 'ni(‘ January and .Inly isotherms — 
/.c., liiK's conni'cting place's of the^ same average 
temperature in summer and winter respectively 
— reanind us in many ways of the? corresponding 
isotherms for the Contineait [68]. In January 
the lines run, on the whole, north and south, 
indepe'mh'ntly, that is, of th(^ line's of latitude, 
in July they run, on the' w'he>lo, east and we'St. 

Winter Temperature. Taking the 
British isothea nis for January, we notice at once 
the re'inarkable eliilere'nces be'tween east and 
west. The line' feu' 4‘U F. e'uts tlu' extreme w'est 
e)f Southe'Tii lre*land and Coiiiwall. The’se 
parts e)f o\ir islands are (C warnu'r in winter than 
the e'olele'st j)arts of the east coast of Great 
Britain. Die* line* for 42 ’ is, on tlie whole, parallel, 
hut it take's an upward bend over the St. Gc'orge's 
(diannel, for tht> si'a is warmer than the land in 
winter. The rest of Irelaiul has a temperature 
of 40 '’, but in Great Britain the; only parts which 
are equally warm are the* extreme w'est of Scot- 
land. Wail'S, and tliat small part of England 
whie h lie's w'l'st of a lino drawn from the liead of 
the Bristol Clianned to Southampton Water. 
The iTst of Gri'at Britain has a January tempera- 
ture of uneler 4tr. The coldest parts everywhere 
when lieight is left out of account, are all in the 
east, w ith a temperature of or uneler. Notice 
that the oaste'rn counties, from the Humber to 
the Thames, are as cold as the* counties round the 
Moray Firth, although the^y are much further 
south. The extreme north-west of Scotland 
is w'armer than the extreme south-east of 
England. This shows that the distribution of 
winter temperature is largely independent of 
latitude. The all-important factor is the pre- 
vahmee of westerly or south-westerly winds, 
which have been warmed by passing over the 
surface of the Atlantic Ocean. They reach our 
western shores as w'arm winds, but as they pass 
cast over the land they gradually become cooled 
by contact w'ith its cold surface. Hence the 
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eastern parts of our islands 
arc markedly colder than 
the west. 

Summer T empera- 
ture. In summer the 
case is reversed. The 
Lower I'hames basin, 
which was one of the 
coldest regions in January, 
is the hottest part of Bri- 
tain in July, with a tcin- 
])erature of 64"’. The res^, 
of the Englisli })lain, 

(‘xcept round the coast, 
has a tem])erature of 6‘2 '. 

'Hie line for 60"’ includes 
the south-eastern coriuT 
of Ireland, the whole of 
Wales, and most of 
northern England. The 
line of 58 ’ almost coin- 
cides' with th(‘ north coast 
of Indand, and follows 
the west coast of Scotland 
for a considerabh* dis- 
tance, curving gradually 
inland to tlu‘ east coast 
near Aberdetm. North 
of tliis line the Iin(*s for 
56' and 55'^ are nearly 
])arallel to each otluM*. 

Only the Orknt'ys and 
Slu'tlands have a sumiiKT 
tenip(‘ratur(‘ below 55'’ P. 

In summer, therefon', th(' 
east is hott(T than th(' 
west, but the south is 
hotter than the north, 
dlio relative; coolness of 
the west is, of course, 
ex]>lained by the inHuonce 
of the Atlantic winds, but 
Nve see that their influence is much l<‘ss marked Britain lain to th<* east instead of to the we.st, 

than in winter, when they blow mon* strongly the ditTi'ience in the rainfall of east and west 

and steadily. woidd have beim invich less marked than at 

Advantages of the British Climate. present. As it is, the highlands lie full in 

Our great elimatie advantage is our mild the track of the rainy winds, which ])art 

winter. Britain lies far w'cst of the isotlieriu with most of their moisture on th(‘ windward 

of ,32"“ F., the freezing ])oint. Kven in the slopes. The wtdtest parts of the British Isles 

coldest parts of our islands protracted frosts are the C’onnemara and Kt*rry mountains in the 

seldom occur, and the chock to vegetation is not West of Ireland, which have ov(*r 60 in. of 

very considerable. Our ports are ice-free all the rain in a year, the highlands of Scotland, and 

year round, as are our inland waterways. Our the mountains of I kimherland, Wales, and 

summers, though never oppressively hot, are (^omwall. Tlu* plain of Fiiglund has a rainfall 
wann enough — except in the extreme north — of under 30 in. 

to bring wheat and many fruits to per- It is interesting to compare the rainfall map 
foction. of Britain with the temptuature map for July. 

Distribution of Rain. The proximity of We see that the regions with the hottest summers 
the Atlantic intluences our rainfall no less than are, on the whole, the drier parts of the country, 
our summer heat and our winter cold. The while the wettest districts* have the coolest 

winds w'hich blow from that ocean — and they summers. The effect of this on agriculture is 

blow on an average for two out of three days — very important. If the summers in the English 

are loaded with moisture when they reach our plain wore w^ot, neither cereals, hay, nor fruit 

western shores. As they 'blow all the year round, would come to perfection. The western high- 

we have rain all the year round ; but they are lands intercept just enough of the rain to provide 

strongest and steadiest in winter, which is our almost ideal agricultural conditions in the 

wettest season. As we should expect, the west eastern lowlands. Had the lowlands lain in the 

is wetter than the oast. Had the highlands of west, Great Britain would have been in the 
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main a pawtoral country, with a less dense 
population than at present. 

Storms, Cyclones, and Anticyclones. 

Destructive storms frequently visit our coasts, 
especially in autumn and winter. The first 
sign of their approach is generally the fall 
of the barometer. This shows a diminution 
of atmospheric pressure wlum an area of low 
pressure, or an atmospheric; depression, as it is 
called, is moving towards our islands. These 
depressions usually come from the wc'st — v(‘ry 
rarely, indeed, from the opposite direction. y\s 
the depression moves onward, air is drawn in 
from all sides from n^gions of tlie atmosphere 
which arc at a higlier pressure, producing violent 
gales, blowing from ail directions spirally inwards 
to the eentro of the lov -pressure area, wliieh 
itself remains calm. If the depr(;ssi()n is a Iarg(‘ 
one, these gales may last for several days, 
gradually decreasing in violence as pressure is 
equalised. Such a moving system of winds 
blowing inwards towards a calm cent ih; is (;alled 
a cyclone. In winter, when tlu^ temp(‘i*atur(‘ 
conditions on which the distribution of atiiio* 
spheric pressure partly depends are most untMpial 
over the Northern Hemisphere, cyclone after 
cyclone may occur for many wec'ks. When the 
track of the centre of the cyclone lies nortli of 
our islands, tlie win<ls over the British Isles 
blow from the south or west, and the weatlu'r, 
though wet and stormy, is mild. If the storm 
centre is moving south of our islands, we ar(‘ 
swept by icy gales from tlu' north or east. 

Tn an anticyclone the conditions are r(;verse<l. 
Tlie winds then blow outwards from a calm 
centre of high pressuii; towards regions of lower 
pressure. When antieyclom^s occur in winter 
our weather is fine, but intenst'ly (;oki, owing to 
the loss of heat by radiation in the; (;alin, cloud- 
less nights ; on tlu' other hand, wlaai they occur 
in summer, our weather is calm, warm, and 
hazy. 

Vegetation. Britain lies naturally in the 
temperate forest area. The wlioh; of tlie low- 
lands were once eoveriul M'ith dense* forests, 
conipostul in the* south of oak, elm and beech, 
mixed with conifers in the north. Traces of 
this vanishc^d mantle of forest remain in such 
jiatches as Kpping Forest or the; Forest of I hum, 
and in such names as Kttriek Forest or Sherwood 
Forest, 'ro-day only about 4 per e<*nt. of 
Britain is woodland, 5t) per cent, is in crops or 
grass, 110 per cent, is grazing land, and flic 
remainder consists of mountains, water, roads, 
etc. Agricultural land is found ebietty in 
England and Wales, of which three-quarters and 
three-fifths resjiectively are under cultivation. 
In Scotland and Ireland only about one-quarter 
is cultivated, and grazing is much more import- 
ant, employing one half of the total acreage of 
both. In England leas than one- tenth is 
grazing land, and in Wales only one-(juart<?r. 
Taking Great Britain only, and examining these 
figures, we should conclude that the relation 
between agricultural and grazing land depends 
chiefly on the distribution of relief, the lowlands 
being agricultural, and the highlands pastoral. 
And this is quite true. It is true, however, 


largely Ix^caiise the highlands are wetter, as we 
may see by comparing the figures for Scotland 
and Ireland, which differ greatly in relief. For 
the same reason, we find a difference even in the 
lowlands of England, agriculture being more 
important in the dri(;r east than in the wetter 
west. 

Soils. The distribution of agriculture no 
doubt depends also on soil, and this again on the 
character of the underlying rocks. We saw that 
the highlands of Britain consist of old and very 
hard rocks, which weather slowly, forming but 
little soil, most of which riv(*rs carry down to the 
plains. When; the rocks arc softer the soil is much 
deeper, and of a very mixed character, consisting 
not merely of the waste of the rocks immediately 
below, but also of rock-waste of many different 
kinds brought down by rivers and by the long- 
vanished glaciers whi(;h once covered a great part 
of our islands. (See Gkoiamiy : The “Ice Age.”J 
4'he local variations arc, ncvtu’thclcss, very great, 
and every eye detects the difference, for example, 
between the* white soils of the chalk districts of 
Sussex, or of the limestone districts of (Boucostcr- 
shirc, and tiu* rich red earth of the sandstone 
districts of South Devon. 

Chief Crops. The child crops are cereals. 
Wlu‘at and barley are grown in tin? south-eastern 
counties, and in th<; cast of the midland plain of 
Scotland. Oats and barley are grown on the 
poorer, higlier, or more northerly soils. Root 
crops are cultivated everywhere, hut not on the 
liest soils, l^otatoes are important in the higher 
and wetter agricailtural districts, and are the 
staple crop in Ireland. Hops are grown in 
Worcestershire and the southern counties, those 
of K(*nt being spi'cially famous. Fruit is less 
grown tlmn it should be, especially by the 
peasantry, who th(‘r(;l)y miss a source of profit. 
A])pl«; orchards and fruit farms arc important in 
the southern counties, particularly in Kent, 
Di'von, and the Seviu ii basin. Flax is grown in 
the north-east of Ireland, hut not so commonly 
as vlO years ago. Many usidul crops, such as the 
sugar beet, are nt)t grown at all. English agricul- 
ture, as a whole, suffers from our land syst-em, 
the lack of technical education, and the reluct- 
ance to adopt the co-operative methods which 
I'lisure success in other countries. 

The Pasture Lands. These are of two 

kinds— the moist water meadows of the lowlands 
of W(*st4*rn England and Ireland, which are suit- 
able for the finest breeds of cattle, and the 
poorer, less succulent pastures of the uplands, or 
highlands, which are not rich enough for cattle, 
but suit sheep. Broadly speaking, cattle are fed 
in the low lands and sheep on the hills. 

( 'at tie are bred both for beef and for dairy 
purposes, the latter requiring the richer 
pasture. 'J'he Shorthorn breed is suitable for 
both purposes. Ayrshire cattle, and the breeds 
named from Jersey, Guernsey and Alderney 
are primarily dairy cattle. 

In England cattle are most numerous round 
the western base of the Pennincs — in l^ancashire, 
Cheshire, and Staffordshire, in Leicestershire, in 
the Midlands, in Somerset, ])evon (famous for its 
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69 . (lOAI. AND IKON FIELDS OF ORKAT RRITAIN 
Tlicrc are workable aeama of coal in the (iarboiiifcroiiB lirne8t»)ne and niillBtoiie grit, of 
Scotland, but tbeso areas arc not shown in this map 


Devonshire cream), 
ami Cornwall. Pem- 
hrokeshiro is the 
chief caitlc-raising 
<',ounty in Wales. 

In Scotland cat! 1(5 
jire chiefly bred for 
beef, and .are nu- 
merous only in th(3 
Midland Plain, large* 
numbers being im- 
ported from Ireland 
to be fattened for 
the London market. 

In Ireland the chief 
grazing counties are 
(lalway, Limeriek, 

Meath, and Dublin. 

A large quantity of 
butter and other 
dairy ijroduce is 
exported to Eng- 
land. The keeping 
of pigs is generally 
associaled Avith 
dairy farming, and 
<lairy-fod j)ork and 
bacon ar(i highly 
i*steemcd. 

Sheep Farms 
ing. English wool 
has been famous for 
centuries, and sheep 
farming has long 
l)oen important. 

Sheep arc kept on 
the hill pastures in 
all parts of th(5 
British Isles, but art; 
more important in 
(Ireat P>ritain than 
in Ireland. M(jst of 
the good brc'cds 
supply both mutton 
and wool, but moic* 
attention is paid to 
the quality of the 
wool in the east, and 
to the quality of the 
mutton in the west. 

The chief sheep- 
farming districts are 
the chalk downs of 
England, the Welsh 
highlands, and the Southern Uplands of 
Scotland, particularly the Tweed valley. In 
Ireland most sheep are found in ("arlow, Wiek- 
low, and Galway. 

Horse Breeding. Horses require better 
pasture than sheep, and less rich pasture than 
cattle. They can therefore be kept in districts 
which are too dry for cattle. Most of the famous 
breeds belong to the eastern counties — York- 
shire, Norfolk, Suffolk, Cambridge, and Hunting- 
don. In Scotland the eastern counties of Fife and 
Linlithgow are the most important. In Ireland, 
Dublin, Down Wexford, and Louth breed most 
horses. 


Fisheries. The shallow seas surrounding 
Britain, and particularly those off the east 
coasts, aie rich in fish. The Dogger Bank, in th(- 
North Sea, is one of the richest- fishing-grounds in 
the world, especially for cod and flat fish. The» 
herring fishery is important round the eastern 
coasts of Britain, follow ing tlu^ movements of the 
herring, Avhich migrate southwards as the y(^ar 
advances. Pilchards are caught in the Cornish 
waters. The oyster fishery is important off the 
eastern coast of England. 

Minerals and Metals. Many of the 
rooks which compose the crust of the earth 
are of use ; granite, for instance, is much 
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quarried for Imildinfy round Aberdeen. The 
various sandstones an<l limestones also make 
good building stones, and limestone is burned 
for linu*. vSlates are ([uarried in the mountains 
of Wales, CumiMM'land, and the North of Kngland 
generally. Some roeks, like tliose of Caithness, 
are used for paving ; others, like those of Port- 
land, for eement ; and ucav uses are frecpiently 
diseovered. In recent y<‘ios a (juarry near 
Oxford has furnished nial(‘rial for a famous 
polishing soap. In the jdairis clay is nstal for 
making bricks, or, if of sullieiently line (pjality, 
for j)otf(‘ry. 

Coal. Of all the products of the earth's 
crust coal is at pr(‘sent (he most valuable. It 
is list'd lo gcncralti st(*am for motive ]»c)\ver, 
and our industries depend on a cht'ap su[>ply of 
this indispensa,])le fuel. The coal int'asures lie 
above the okh'st, hut below the younger rocks, 
and can be workt'd only wht'u sonu‘ at'cident 
brings them near the surfaet*. In jairts of the 
Ih’ilisb IsU'S the crust t)f the ear(b Inis Ihmmi 
thrown into w avt's by tlu' action f)f intt'rnal forces 
raising tlu' highland regions. In many of thi'se 
the n]>per layers of rock liaac been worn away 
in the eours»‘ of ag(‘s. leaving the coal mcasurt's 
exposed in ])lae(*s, so that tlu'y can he rt'aehed 
by boring through the snrfact^ soil. In tht' 
Pennine's not mert'ly the younger rocks, but tlu* 
coal measurt's also have (lisap|)eared from tht* 
summit. "Jhty remain on both flanks, forming 
the important eoallields of northern Knglaiid. 
Coal is similarly t'xposed rountl the eastern and 
southern margin of the Wt'lsli Highlands, and in 
sonu? parts of the Midlands. Over most of the 
Knglish ])lain the coal measures are hurieTl 
beneath young(‘r roeks, and eaniiot worked. 
In Scotland tlu' coal measures remain in tht' 
trough of the midland plain, forming eoallit'lds 
'which extend almost eontinuously from the 
(%de to the Poith. In Ireland tint coal mea- 
sures have disappeared, except in a ft'w isolated 
patches. Mucli of the country is covert'd with 
peat bogs, which sup])ly the oidy availaltle 
' fuel. 

Iron and Other Minerals. Next in 
importance to coal is iron, which occurs in many 
different forms. Tht* purest (piality, knovin a.s 
red luunatitt*, is found in the western Pennines. 
The less pure, brown hematitt', is abundant 
round the margin of tlit' Welsh Highlands, in 
Northamptonshire, and in .\ntrim. ()thcr ores 
are very common in or near the jirineipal eoal- 
tields, the most inquirtaiit being the black band 


ironstone of Scotland and the ores of the 
(Hcvcland hills of Yorkshire. 

T,cad is vork(*d in the Southern Uplands of 
Scotland, the i’enninc's, the mountains of Cum- 
berland, Wak'.s, and the Isle of Man, and in the 
Wicklow mountains of Ireland. Zinc occurs 
oeeasionally along \iitli lead; oil shale it; 
common round Edinburgh ; salt is mined 
in ('heshire, ^^^)l‘cestcrshire, and Durham, and 
copper and tin are still worked in Cornwall. 

Principal Coalfields of Britain. The 
coalfields of Britain [69] fall into four groups : 

A. Th(^ Scottish Coalfields : 

1. The Ayrsliirt' (’oalfield. 

2. The Central, or Forth and Clyde (V)al 
field. 

,*}. d'hc Fife Coalfield. 

4. Th(‘ Midlothian Coalfit'ld. 

/riie ehi('f manufactures on these (coalfields 
arc iron, shipbuilding, and tc'xtiles. 

B. 'rhe Pennine C(»alliclds ; 

5. M'hc Northumberland and Durham, as- 
so(‘iat('d with the' iron manufacturi' in all 
its brani'hf's, including t'ngineering and 
shipbuilding, and clu'iuicals. 

(). 'rb(' Cumlx'rland Coalfield, associated 
with iron-snu'lting. 

7. 'riu' South Jvincashirc Coalfield, associ- 
ated with the cotton inamifacfure and 
with iron and clu'niical industries. 

S. 'fhe North Staffordshire Coalfield, as- 
sociati'd \iith the pottery industry. 

9. Tlu* York, Jk'rhy, and Nottingliam 
CoalHeld— the riclu'st — associat(?d with 
woollen, iron, and lac'c manufaeturi'S. 

C. Th(' Coalfields round the margin of the 
Welsh Highlands: 

10. The North Wales Coaltii'ld, associated 
^^ith th(^ manufacture of salt and 
('lu'rnicals. 

11. The Middle Severn Coalfield, associated 
with iron, frotU'ry, and woollen manu- 
factures. 

12. South Wales and Fon'st of Dean Coal- 
iii'ld, ehit'lly engaged in smelting. 

D. Tlu' eoalli('lds of ilie Midland Plain, sur- 
rounded by younger rocks : 

13. The Midland (V)alfi('ld, associated with 
the iron manufaetiirt'. 

14. The Bristol Ccuilfield, associated with 
the woollen manufacture of the West of 
England. 

All thi'se manvifactures are more fully treated 
in the articli's on C.kiMMERriAL (Ieouraphy. 
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By ERNEST A. CARR 


"yHERE is a marked and increasing tendency 
among local authorities to restrict applica- 
tions for the position of to^vn-clerk to members 
of one or other branch of the law. It is found, 
inde(Ml, that men thus qualified have gaint'd 
probat)ly 90 per cent, of the posts recent y offered 
for competition. 

What the Town-clerR must Know. 

The town-clerk’s is tlu^ foremost position on the 
municipal staff*. He is the adviser to his council 
on innumerable points of law , fact, and pract ice — 
in itself no light office*, having r(‘gard to tlu^ 
multiplicity of important activities carried on 
by a ])rogressive borough and the scai'cely 
avoidable ignorance; of many of tin; councillors 
concerning them. Ife controls a busy depart- 
ment of his own, and is also the official head of 
the. whoU* staff and the responsible office*?' for 
th(; dill* (‘Xi'ciition of the councirs orders. At 
the meetings of his authority, he is the; chaii'- 
man’s right-hand man ; and h/iving familiarised 
himself with the di'tails of every iinportaiit 
schemo and proposal — wh<‘ii he has not framed 
them himself - is in a posit i(jn to advise; u])on 
these as they an; rais(*d before the council. 'J’he 
aecpnrcmeiit of profx'rty and extension of 
municipal w'orks, “slum area” clcaratu'cs, and 
the adoption of statutory powws -on such 
grave matters as thes(; his judgment is of gi*(‘at 
weight. Tfis store of law, routine, and pre- 
(;edents must be always at his finger-ti}>s, as it 
WTre, for tho services of tho various lioads of 
departments wdio constantly consult him. H<; 
must be able to draft new bylaws nnd regula- 
tions as need ari^^'s, and to handle a(lequat<‘ly 
his councirs case at a Local Government Board 
inquiry, or before a parliamentary commission. 
An expert within his own particular province, 
and a point of focus gjuierally between the 
council and its statf, tlu; town-clerk needs to 
blend the qualities of tho specdalist with those of 
the tactful and patient administrator. 

Most Difficult Post in the Service.” 
All things considered, the following pronounce- 
ment of a municipal expert on the dutic’S of tho 
town-clerk seem amply justitied: 

“ It would be rather invidious to make 
distinctions between the d(;partments, but as 
regards the town-clerk’s, this, wliilst performing 
functions of its own, generally has a kind of 
supervision over all other departments, such as 
communicating tho instructions of the council 
and committees to tlie various chiefs and seeing 
that the same are punctually obeyed. Of course, 
every chief must be an expert in his own line ; 
but, writing as one wdio has had twenty -one 
years* experience in city, county borough, and 
iarge urban district, I should say tho most 


difficult position to till in the munieijial service 
is that- of the town-clerk.” 

N<‘vertheless, this authority frankly avows 
that if h(‘ were about to launch his own sou on 
a muni(;ipal ('nicer, Ik* would select for him the 
town-clerk’s departnu'nt in pi’('f(‘r(‘ncc to all 
the re.st. d’ho fact is that, with all its n'sponsi- 
hiliti(‘s and worth's, tin* possibilities it offers an; 
grealer — nnd earlii'i* attainable - than any oth(*r 
branch, certain engiiu'cring posts a, lorn* t'xec'pted. 

Salaries of Town=clerRs. Tn respect 
of n'liiuneration, the tovvn-eh'ik's lot is indeed 
a happy one. As chief staff oflieer, he generally 
enjoys the laig(;st salary on the ])ay-list. The 
actual range of jiaymeiit may he readily illus- 
tral(*(i by a few* typical appointmi'iits, which in 
soim* instances include' special dutit's, in additiem 
to those* of tow n-e*le'rk. 

The* ( !il y of London, and such leading corpora- 
tions as Mani'lieste'i’ and (ffasgows pay their 
town-clerks £2,001) a y(*ar. In tho London 
boroughs salaric's vary generally be* tw'oen 
£1,000 and £1,250 that at Wantlsm>rth, for 
instance, being £1,150. Other ligurt'S are as 
follows, the; ('ommesieing salary alone being 


given in certain inslaiuu's : 

New’castle .. .. .. .. £1,500 

Leie<'st('r .. .. £1,500 

Bolton, £(>50, rising by £50 annually to £1,000 
Burliley . . !l 700 to £900 

Bath ■ £H00 

Tynemouth .. .. ..£000 to £S00 

Boehdalo and Wimbledon, each . . £700 

lOxeter . . . . . . . . . . £(>75 

Ayr £500 

Bamsgale, £400, rising by £25 

annually (w'ith emolument si to £6!M) 

Bexhill, £.‘100, by £25 annually to . . £4(.M) 


Pi’ivate practice is, in most of these instance's, 
debari't'd by the; te'rms of the engagern(*nt. 
Whei’e the* appointment is nf)t a wliole time 
one, it is aline^st invariably given to a solicitor, 
the salaries paifl v>iryiiig from about £100 a 
year few small district eouneils, vi]) to £5rK3 eu’ 
mon^ for the boroughs, and the jx'rson appoint(;d 
having to provide; his own offices and staff. 
High salaries, in this branch of tho serv^cr, 
at least, are not ee.)nliii(;d to the; foremost 
authorities, boroughs of ((uite* moderate; import- 
ance paying their chief official from £700 to 
£1,000 or so per annum. Such of tho jjosts 
named as have recently been offori'd few (;om- 
[letition have been usually restririted to admitted 
solicitors, or, in Scotland, to law agents and 
Writers to the Signet. Tho effect of such a 
proviso is to limit competition, and to render 
aclvancement speedy and sure for solicitors of 
tho requisite ability and training. 
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Qualifications. It will l)e evident 
from what has be(*n said of the town-ch'rk’s 
duties that a wide exp<*riericc of municipal 
matters is of (*ven f^roatcr importance than a 
purely legal training. The av(Tage solicitor or 
barrister of ten years’ standing, if suddenly 
translated to Uk* position of town-clerk, would 
find his padded olliei‘-chair a veritable bod of 
thorns. Local government work has sj)ecial 
requirements which can only lx* met by yt'ars 
of pra(!ti(!(* in a municipal ofhcc*. But men 
thus (pialith'd often win leading appointments 
at an early age. 

TJio town -clerkship to tlic Lity Corporation, 
for example, which is p(‘rha])s the jwemier 
j) 08 iti()n of its kind in the kingdom, is lield by a 
i)rilliant young lawyer, who when elected w'as 
only 35 years old ; yet his pnwious municipal 
record included S(H'eral subordinate positions 
and some seven years’ (^xpcricnci* as chief of 
the Leicest('r staff. 'J’lie Rochdale appointment 
was won by a solicitor of .‘kS, who hud also held 
both deputy and principal rank. The town- 
clerks of Bolton and Rexhill w’crc but 32 when 
apj)ointed ; and the Tynemouth official, having 
become a deputy town-cU*rk at the age of ‘2(>, 
and a town-i'lerk only a year later, gained his 
present valuable jjost w hen only 3t) years of ag<‘. 

The Best Beginning. We liave already 
seen that a numlu'i* of tt)wn-elerkshi])s arc 
held by barristers and by non-la wycTs, and 
there is* nothing to pr(*vent town <;oimeils 
from making similar af)pointm(‘nts in the 
future. But they appear to Ix' increasingly 
rcliict.ant to do so, and a careful study of many 
successful town-clerks’ careers inak('s it abund- 
antly clear that in order to enter this branch 
of the service under favourable auspices it is 
most d(‘sirahle tliat a candidate should begin 
his training tis articled clerk to a solicitor 
holding an appointment as clerk to a local 
authority. To a considerable extent at least 
the town-clerk is made rather than born ; and 
the fonuula for success may be exjressed as 
ability plu>s municipal training phf^ professional 
qualification. A furth(*r argument in favour 
of the last ittmi in this formula may bo found 
in the practice’, followed by many minor 
authorities of combining the appointments of 
town-clerk and solicitor in one official. 

Not a “Close” Calling. The reader 
must not conclude, however, from what has 
l)cen said tleat town-elerkships form a (^lose 
preserve, as it were, shut off by a ring-fence 
from those whose cireumstanecs j)rohibit their 
becoming articled clerks in tlieir teens. Tliere 
is too nmeli wholesome competition in the 
service to permit of this. A number of men 
have entered tlu’ town-clerk's department as 
paid junior assistants, and on promotion to 
the grade of committL’c ck’rk, or assistant town - 
clerk, have showm sneh aptihide for their work 
that they have been gi\en their articles under 
the towTi-clerk or his deputy whilst retaining 
their salaried posts. Tn tlifs way the defect 
of a non-professionnl start is most readily 
cured ; but its achicvemc’nt is only possible 
by the goodwill of the council and their chief 
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officer, and is too uncertain a method to be 
desirable, if artich^s can be obtained earlier in 
the usual w.ay. Moreover, as many an over- 
worked official has discovered to his cost, it is 
extremely arduous and difficult to prepare for 
])rofcssional examinations wdulst oecuj)i(^d all 
day with the anxieties of a responsible post. 
Resolute^ and energetit; men, however, are not 
debarred by these considerations. Recently a 
busy IMidland corporation promoted to the 
premier position an official of twelve years’ 
standing who had j^assed through tlie grades 
of junior committee clerk and assistant, town- 
elcrk, and wlioso articles, at the time of his 
appointment as tnwn-clcrk had not expired. 

Deputy and Assistant Town» 
clerks. What has been said on the question 
of training for town-clcrksliips renders it un- 
necessary to discuss at any length the gi'ades 
from which they an’ mainly recruited. Assistant 
and deputy rank are the sueeessivo steps by 
which the majority of principals have ascended 
Iq their ])Ositi()ns. These subordinate ]X)st8 are 
often tilled by the promotion of able committee 
and office clerks, for many of whom they repre- 
sc’nt the. highest positions attainable in the 
absence of a h'gal training. On the other hand, a 
solicitor who has served his articles in a munici- 
pal office seldom has any difficulty in obtaining 
as soon as he is admitted either an assistant 
town-eJ(‘rkship in an important borough or a 
depulyshi]) in a smaller one. His salary in 
either event will probably Ix^gin at £150 or 
£175, and rise to £300 or £350, with or without 
the right practise privately. On scicuring 
d(‘puty rank under a busy authority these 
figure's may Ix’ doubk’d at least. ^I’hus, War- 
rinutou pays its deputy towri-elerk £250 a year, 
Jk)ltoii £350. Bradford £500 — rising by £25 
yearly t(» £750— and Manehesb'r £1,000. The 
higher pt)sts, however, an; mostly r(;8trieted 
to (|ualified solicitors. The Bradford a]ipoint- 
ment nu’ritioned, for instance*, is coupled with 
the duties of assistant solicitor, and was o(Te;red 
under the folle>wing conditions : 

“ (Candidates Jiiust lx; thoroughly exfx’rienced 
in lex’al govt'rnment law an 1 i)raetice, and have;^ 
an intimate kne)wleelge of the w'ork e)f a town- 
clerk's (e)r equivalent) def>artnient in a large 
elistrie*(, including e*onveyancing and common 
law', and must also be* fully ce)mpctcnt to act aa 
advocate in conducting important cases before- 
magistrates, etc.” 

Clerks to the County Councils. 

Be)t}i in value* and in tlie s}x;cial training ex- 
}x*e;ted of eanclielates, these posts much resemble 
town-elerkships, hut are naturally far fewer in 
numlK'r. They afford a wide gradation of 
salary, from the £350 paid by the Isle of Wight 
to the £2,000 with which the (’ounty of London 
rewards its distinguished clerk. It is usual to 
advt^rtise vacancies inviting applications from 
solicitors and barristers only. In practice a 
candidate who was not well trained in the special 
requirements of county law and administration 
would have no chance; of success. For these, as 
for the town -clerk’s office, the lx;st training ia 
afforded by a deputy ship. 
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By J. A. HAMMERTON 


John Milton. Thcpcriofl wo avv now j*]K)ut 
to consider is one in which 1 l\c lessons urged by the 
critical school of Ben Jonson bore fruit. 'J'lic 
ijreateyt name among the ])oets of tlu^ age 
that witnessed tin; rise of the Commotivveahh 
mid the downfall of the Stuarts is that of the 
author of ‘‘ Paradise Lost.” 

John Milton (b. UKM) ; d. 1074), “God-gifted 
organ voice of Kngland,” was the son of 
a scriv(‘ner who had been dislnhcrilc'd by his 
fath(‘r for cliariging his faith to tliat of tin? 
Reformers. His early years fm; thus described 
in his own words : 

“ When J was y<‘t a child no childish play 
To was pleasing ; all my mind was set 
Serious to learn and know, and tluaice to do 
Wliat might be public good ; myself 1 thought 
lh)rn to thjvt emh born to promote all truth, 
All righteous things.” 

Though he wrote verses at the 
age of ten, and paraphrases of 
the Psalms (including the w(‘lb 
knowTi “ Jx't us with a gladsome 
mind ”) as a schoolboy, we 
find him in the sontud- “On 
Arriving at tlu^ Age <d’ 

Twenty- three ” lamenting hi^ 

“ late spring.” 

Milton’s Early Poems. 

'rheso were ehiotly innpired hv 
the pastoral surroundings of 
Horton, in Buekinghamshir(‘, 
where, after leaving ( 'ambridge. 

Milton spent live years under 
the parental roof. “L’Allegro” 
and “II Penseroso ’ are mirth- 
ful and pensive poems resp(\‘- 
tively, as their tith'S imply. 

In the former occur the familiar lines : 

“ Quips and cranks and wanton wiles. 

Nods and becks and wTcallied sinih's. 

In the latt-er is the phrase “ the erick(‘t on 
the hearth ” and the oft-quoted referciiec to 
“. . . . storied windows, rieldy dighl. 
Casting a dim religious light.” 

“Comus” is a masque, beneath the exquisite 
allegory of which may be discerned the ])oet’s 
political bent, and tht) whole is riclnvith promise 
of the work by which its author is most widely 
known “ Lycidas ” is an elegiac poem composed 
in memory of a college friend. It bnsathes such a 
contempt for the corrupt holders of ecclesiastical 
benefices as to make one wonder why it w^as 
not made the subject of a Star Chamber “ in- 
quiry.” Having pondered these poems, the 
student should read the beautiful lines, “ At a 
solemn music.” Tlie works mentioned were 
eomjx>8ed between the years 1031 and 1037, 


when, to quote the glowing words of oni' of the 
most competent of living critics.. Mr. Edmund 
(Jo.ssc. Milton “contributed to English lit(‘ra1urc 
about two tliousnnd of the most exquisite, the 
most (MU’fect, the most consummately (‘X(H*uUid 
vcT’scs which are to b(‘ (liscovennl in the language. 
This a|)paritioM of Milton at Horton,” Mr. Gosse 
goes on to nauark. “ without associates, without 
external stimulus, Virtut‘ seeing ‘ to do what 
Virtue would by his own radiant light,' this is 
on(‘ of the most extracadiiiary phenoimma which 
wo encounter in our [litiTary] Ihstory.” 

“ Paradise Lost " and “ Paradise 
Regained.” TIu' foriiKU’ work is the letter, 
and best known of all Iiis wri tings. Though 
owing something, doubtless, to S})enser’3 
“ Eatuy Queen,” it is not only the first English 
epic ; it is unapproached sav(^ by Tt'nnyson’s 
“Idylls of lh(^ King.” There 
an? various forms of this j)ar- 
tieular class of poetry ; its 
foreign masters are Homor, 
Vergil, 'lasso, Ariof^o,^ and 
Dante. Milton’s original con- 
ception was of a drama on the 
Arthurian h'gends. Perliaps the 
(.’ivil War Avhich inti'.rvenod 
betvv(‘(‘n tlu' conception and the 
performance of the work sup- 
|>hi*d suftici('nt motive for a 
theiiK' of a more iuihlime and 
solemn character than even 
those associated with theRoimd 
4'ahle. But, as Milton’s great 
(‘(lit or, ProtVssor Masson, re- 
minds us, Milton inherited, as 
it w'(‘rc, a suhj(?ct with which 
the imagination of Phnstendom 
had long bc(ui fascinated. “ I’aradise Lost ” is 
more than tla? outjxairing of a richly-stoied mind 
safurat(‘d in the classics and tlu? Bible. It is 
an epic that has no ])arallcl in oiir own or in 
any other language. “ It is an epi(; of the whole 
human s})ecit's —an epic of our rmt ire jilaiict, or, 
indeed, of Mu* t.‘ntire astronomical i.!UV(*rso. 
The title of the poem, though ju'rliaps the best 
that (*o(d(l have ht'cn cliosen. hardly indi(uite8 
beforehand the full nature or extent of the 
thc‘me ; nor are tlu* opening lines, by them- 
.sclves, sutficienlly descript iva? of w4iat is to 
follow'. It is the vast (a)mprelu*iision of the 
story, both in space and time, that makes it 
unique among epics, and entitled Milton to 
sjxiak of it as involving 
‘Tilings unattempted yet in prose or rhyme.’ 

It is, in short, a poetical representation, on the 
authority of hints from the Book of Genesis, 
of the historical (aumection between human 
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time and aboriginal or eternal infinity, or 
between onr creat(*cl world and the inimeaaur- 
'"able and inconocnvablo nni verse of pre-human 
existence." Milton's “ Ode on the Morning of 
the Nativity,” written in his Cambridge days, 
conveyed the theory that the pagan gods were 
fallen angels. “ Paradise Lost ’’ deals with the 
Rebellion in heaven, the Oeation, the Tempta- 
tion, and the Fall. But that Satan is the hero 
we beg to disbelieve, despite even Professor 
Masson’s diedum. Milton was too full of 
humanity — witness his twenty years of patriotic 
service — to idealise the Kvil One. It is man 
himself he sings. (Vrtainly, the deepest interest ’ 
attaching to both “ Paradise Lost ” and 

Paradise Regained " is ins[)ire<l by the study 
of the character of Satan as the h nipter of man 
and the tempter of (.‘lirist. But this intere.st 
arises from the object, or subject, of each encounter. 

lesson derivable is twofold. (3n the one 

nd, we are broughj to a consideration of the 
misuse of a Divimdy given freedom ; on the 
other is (‘uforced the conclusion that God is 
“Grace Abounding” Of “ i'aradiso Lost" 
Coleritlge said that “ no one can rise from the 
perusal o** this immortal potm without a deep 
sen.se of the grandeur and ])urity of Milton’s soul.' 

** Samson Agonistes.** This was Milton s 
last work, and i.s a drama on the Greek model, 
founded on the Book of .Iiidg(*s, but, as the 
author expressly states, not d(’signcd for the 
stage. It is the work of onv. who.se (‘ausc; had 
been nobly fought for, and hardly lost. The? 
thoughts uttered by Samson came from (he 
heart of the poet who wrote tlumi. The work 
is severe in style, but derives its higlu‘st 
value from the parallels it otters between 
the lives of Samson and Milton himself. For 
our present purpose what wo wish especially 
to emphasise is the im[)ortanee of the .study of 
Milton’s work to all who asjiire to the proper 
and most effeedivo use of their mother tongue. 
To Milton may bo as(*rihod S^anser's eulogy of 
Chaucer as “ a well of English undefyled.” Tie 
had, like Achilles, one defect : ho had no sense 
of humour. 

Some of Milton’s Contemporaries. 

TnoMAS RANDOLrii (b. 1005; d. 1034) need not 
detain any but the advanced student. Eumund 
Walleh (b. 100r» ; d. 1(587) lives as the author of 
“ Go, lovely Rose ” and “ Linos on a Girdle,” 
Ivries which, as Waller’s latest editor, Mr. Thom 
t)rury, says, “ might almost be chosen from 
English literature to serve as the oxam])le3 of 
the channs of sim})licity and dina-tness.’’ 
Sm John Suckling (b. lobO; d. 1(542) is saved 
from* oblivion by a song, ” Why so pale and 
wan, fond lover ? ’’ and a ballad upon a wedding, 
beginning, ” Her feet beneath her petticoat." 
SiK Ricii.\rd Ia)velack (b. 1(518; d. lt>o8) is 
the author of a poem, ‘‘To Althea, from Prison," 
the first two lines of the last stanza of which 
are fairly common property : 

“ Stone walls do not a prison make. 

Nor iron bars a cage ’’ 

Richard Crasiiaw (b. 1613; d. 1649), a trans- 
cendentalism and author of ‘ The Flaming 
Heart,” is responsible for the familiar phrase 
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“ That not impossible she.” Sir John Denham 
(b. 1615; d. 1669) is the author of a con- 
templative poem, “ C’ooper’.s Hill,” which 
supplies an early model of th(^ rhythmical 
couplet. Abraham Cowley (b. 1618; d. 1667) 
was another of Dryden’s predecessors. To-day 
(.Cowley is chiefly road for his prose, though, in 
his own lifetime, he was one of the most popular 
poets of the day. He belonged to what Johnson 
called the “ metaphysical ” school of Donne, 
of which we have already heard in our 
Elizabethan .studies. Cowley’s “ Pindaric Odes " 
prompted the ” Alexander’s Feast" of Dryden. 
Samuel Butler (b. 1612; d. 1680), in his 
inimitable satiric poem, ‘‘ Hudibras,” which 
was written in r dieule of the Puritans, displays 
much learning as well as wit. Andrew 
Makvei.l (1). 16*21 ; d. 1(578) was a friend 
of Milt(m, played part of laureate during 
the Prob'ctor’s life, and wrote a “ Horatian 
Ode npf>n (Vomwell's Return from Ireland," 
whieli Tnmch .specially com mends t o English 
students of Horace. Marvell’s lines on the 
“.Emigrants in the Bermudas " ai’c* evc'ii better 
known lhan the Horatian ode. irENHV Vai'OTTan 
(b. 1(5*21 : d. 1(593) has la't'n a])tly styled a 
“George H(Tl)er(. n worsted stoekings.’’ 

John Dryden. We now come to a nanu' 
secondary in importance t(.) that of Milton 
only in the pcaiod under review. John 
Drvden (b. 1(531; d. 1700) is England’s 
greatest satirist in veiv(*. His influence upon 
hi.s contemporari('s w’as tr'^’mendous. His 
critical <l(*Uveranees are revenmcetl to slay. Hi* 
excell(‘d as a dramatist and a.s a writer of 
]>rose. For the moment, how'cver, w'o havi* to 
eoneern ourselves witli lii.s poems. One of the 
llrst of his charai'teristics that strikes one i.s his 
alertness to the s'gnifleance of events in the 
world outside of the library. Witness hi.s 
“Annus Mirabilis (the “ w'onderful year” of 
1666), wherein ho celebrates the English victories 
over the Duteli at sea and the benefits of the 
Great Fire of Lon dim. 

In “ Absalom and Aehitophcl ” Dryden 
directed the whole weight of his powerful 
intellect to the undoing of the Earl of Shaftes- 
bury’s sehemo for inducing Gharles II. to nomi- 
nate his illegitimate son the Duke of Monmouth 
as his successor to the Throne against the lawful 
claim of the King’s brother James, who wm a 
Romanist. At this time, it should be remem- 
bered, Dryileu, though soon to adopt the 
Romish faith (see “ The Hind and the 
Panther ”). was strongly Protestant, a.s may 
he proved by reference to the work that followed 
“ Absalom and Achitojfliel ” — “ Religio Laici." 
Taking as his model the story of Absalom's 
revolt against David— as Milton had taken his 
models from the Bible for “ Paradise Lost ” and 
“Samson Agonisb's ” — Dryden named the 
various parties to the Monmouth plot after the 
eharaeter.3 in 2 Samuel. The portrait of 
Shaftesbury, beginning 

“ In fricnd.ship false, implacable in hate, 
Resolved to ruin or to rule the State,” 
is the most telling example of passionately 
concentrated poetic portraiture in our literature. 
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^ It was a mirror in a drawing-room* but it gave 
back a faithful image of society, powdered and 
rouged, to be sure, and intent on trifles, yet, 
still, as human in its own way as the heroes of 
Homer in theirs.” His work contains great 
thoughts. Tliey are for the most part gems m)t 
of . his own mind but gems reset, admittedly 
with skill, and therefore of jx?rmanent value to 
those unfamihar of their origin. He was a poet 
of infinite descriptive ability and some eloquerujc, 
chiefly satirical. Like Byron, he Avas a crii)plo ; 
and his affliction affcHiU^d his outlook on the 
world. His ” Essay on Criticism” was Avritten 
out in prose before he Avas twenty years old, and 
then versified. It lias been described as ‘‘ un- 
questionably the finest jiieee of argumentative 
and reasoning poetry in the English language.” 
Professor Spalding say.s : “ None of his works 
unites more happily regularity of plan, shrcAvd- 
ness of thought, and beauty of awsc.” For 
“ beauty ” read elarity and vigour. The 
” Essay ” is the one work of Pope’s with Avliieh 
the young writer should make himself familiar. 
ITofessor ('oiirthope hiis invited attention to 
the remarkable analogy ])resente(l by the 
poetical career of Po])c to th(^ eonteniporarv 
change in the English (Constitution and tlu^ 
parallel ascendancy of Walpole in ixdities: 
and maintains that l^ipe “ gav(‘ to the eoiiplel 
as inherited from Drydcn a polish anti halanec* 
which })erfect(‘d its capacities of artistic t‘X- 
pression, pcuhaps at tlu^ expense of its native 
vigour.” Judged by Avhat lie was and what he 
did, not by Avhat other po('ts avcia' and by 
Avhat they did. Pope will be found to iill a. 
definite and not undistinguislied position in 
the evolution of English kjtters as tlu^y reflect 
English life. 

Thomson, Gray, and Goldsmith. In 

the poetry of James Thomson (h. 1700; 

d. 174S) is heard an echo of that of 8pensi*r. 
This echo is characteristic of much of tbe])oetry 
of the eighteenth century. Thomson alYords 
relief from the works of Pope by singing of 
Nature sincerely, if in a someAvliat atTected st yle. 
His chief poems are “ The Seasons ” and “ The 
(. Jostle of Indolence,” which laepare the way for 
the beautiful ode.s of Wiluam Coi i>iNs (b. 1721 ; 
d. nriO) and the scholarly Avritings of 'Thomas 
Gray (b. 1710 ; d. 1771), whose ” Elegy Avritten 
in a (Jountry Chundiyard ” (Stoke Poges) did 
for the rude forefathers of the hamlet ” what 
Pope accomplished for the fashionalJe folk of 
the town. Gray wrote little, but what he wro 
was written supremely Avell. He was a man 
leisure and rofineim'nt, the son -like Milton — 
a scrivener. He drew inspiration from Miltt 
and Dryden, and is one of the harhingen 
Wordsw^ortli. Mention may here be made of 
Robert Blair (b. 1(109 ; d. 174()), Avho wrote a 
sombre poem called “ The Crave ” ; William 
Shenstone (b. 1714 ; d. 1703), whoso “ SchooT 
mistress ” is a tender tribute to a Ix^asowes 
teacher, Sarah Lloyd ; Mark Akknside (b. 1721 ; 
d. 1770), Avhoso “ Pleasures of the Imagination” 
is a poem too dull and too didactic in character 
to appeal to ttoo modern reader ; and Gi.iver 
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G 0 LD.SMITII (b. 17*28 ; d. 1774), a name univers- 
ally beloved — and, in truth, that of a citizen of 
no one country, but of the world. I.iet none 
apply too scornfully or carelessly the term 
“ bookseller’s hack,” for Goldsmith — (loet of 
‘‘ The Deserted Village,” wrikT of that inimit- 
able novel, “ The Vicar of Wakefield,” and 
author of %he equally delightful comedy, “ 8he 
ShAops to Conquer ” — Avas a bookseller's hack. 
Goldsmith had, in generous measure, the saving 
grace of Imrnour, with infinite tenderness and 
graceful delicacy of thought. ” No writer in the 
language,” says Profes.sor Masson, “ has ever 
siirpas.sed him, or even equalled him, in that 
witching simplicity, tluit gentle ease of move- 
ment, somet imes careless and slipshod, but always 
in perfect good taste, and often delighting wuth 
the subtlest turns and felicities, which critics 
have admired for a hundred years in the diction 
of (Goldsmith. ’ In some respects he touches 
the heart of man, and especially of the literary 
man, more surely even than ('liarles Lamb does. 
Ireland, that gave us a Swift, also gave us Oliver 
(iold.srnith. The fact is one to he held p(‘r- 
pt‘tually in grateful remembrance. 

William Cowper(h. 1731 ; d. 181)0). ( owjmm- 
makes his af)[)eal to young England in tlie nurscuy. 
Whore is the English child who has not treasured 
the ballad of “ Jolin Gilpin ” ? (V)wper missed 
the sw(‘(‘t infliumees of a m()fh(*i’'.s love. He 
lahoiUA'd from infancy under tlu^ disabilities of a 
Aveakly fram(‘, aOd for a tin)(‘ nnd(‘r the terrible 
burden of insanity. His first masters avluv 
M ilton anrl (V)W’ley ; his music was also in.spired 
by the Avorks of 'fhomson. His initial es.says 
in verse Avmi* w ritten undi'r tlu^ fiersonal influema* 
of the K(‘v. John Ni'wton, eurate of Olruy, in 
Buekinghamshire. a man of melaneliolie tempera- 
ment and a converted slav(‘-tradi‘r.' C'oAvpcr’s 
sad experiene(‘s of public school life are refloeted 
in his “'Tiroeiniiun ; or, a Kevic'w' of Schools.” 
(low his famous didactic poem, “The Task,” 
came to he writ t en makes a. ehanning story of 
woman's influenei'. (Viwpiu*, cheered by the 
.sympatlictie friendship of Lady Austen, had 
written the ballad of ” John (iilpin,” after Lady 
Austen had rtHrounled tln^ legtmd to him ; and 
she th('ii asked him Avhy he did not try blank 
vtT.se. “ 1 Avill,” hi‘ re])licd, “ if you will give 
me a subject.” *‘ Dli,” Avas the rejoinder, ‘* you 
can A^rite on any subject. Write on this 
sofa.” This was tlie germ from Avhich sprang 
“ The 'Task.” Thus succinctly Arnold has 
indicated (Jowqier's treatment of Lady Austen’s 
theme : ‘* After having come down to the 

ei’eation of the sofa, fanty bears him away to his 
seliool days (at Westminster], Avhen he roved 
along 'Thames’ hank till tired, and needed 
no tiofa Avhen he returned ; then he becomes 
dreamy, traces his life down* the stream of time 
to the present hour, noting what has made him 
happy, stilled his nerves, strengthened his health, 
raised his spirits, or kept them at least from 
sinking ; and finds that it has been ever the free 
communion with Nature in the country.” Many 
charming descriptive passages are interwoven in 
all this. 
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It is in “ The Task ” that is found the 
often -quoted lint? : 

“God made the' country, and man made 
the town.” 

Cowper’s Contemporaries. Among 
these were James Macpherson (b, 1730 ; 
d. 1790), the reputed author of “ Ossian ” ; 
ChiAKLEs Churchill (b. 1731 ; d. 1704), antlior 
of the satirical “ Prophecy of Famine ” ; 
Michael Bruce (b. 1740 ; d. 1707), who wrote 
that delightful lyric, “ Ode to the Cuckoo ” ; 
and Thoma.s Chatter'I’On (b. 1752 ; d. 1770), 
who wrote the “ Rowley Forgeries ” at the age of 
sixteen, * 

“ The marvellous boy. 

The sli?t‘pless soul that perished in his pride ! * 

(3uitterton came to London full of hop(? ami 
confidence in his extraordinarily })recocious 
powers. He died of starvation and ])oison in a 
wretched garret, and was buried in tlu* f)aup(MH' 
pit of Shoe Lane Workhouse. 

Robert Burns (b. 1759 ,* <1. 179()). Scot- 
land's national bard was a po(*t of the peopK*, 
who WTote for the ])eoplc. It was Proh'ssoi* 
Blackic w^ho de(*lared on his (h'athhed, “ The 
Psalms of David and the Songs of Burns — 
but the i^aalmist first. " These words, said Lord 
Hosebtuy on a memorable occasion at Paisley 
( I S9t)), contain tin* .secret of many a Scottish 
character. “To Ihirns,” said Lord Bosebery. 
“ w(? owe it that wi* canny, long-h(‘ad(‘d Scots do 
not stagnate into prose. His gtuiius a.nd 
character arc the (Julf Strt'am which prevents 
our freezing into apathy and material life. . . 

He n(‘V('r fails us. Wc* rally regularly and 
constantly to his summons and his shrine. His 
lute awakens our romance, a.nd charms tin* 
sunless spirits of darkness. He is the intlrn'iiee 
that maintains an abiding glow in our dour 
character.” Burns followed no “ master ” 
and found(*d no “ school.” H(‘ stands alone, and 
in his own domain is without a rival. For the 
best intt?rest8 of literature let the young student 
study such poems as “ The Colter’s Saturday 
Night,” ” To Mary in Heaven,” “ d'o a .Mountain 
Daisy,” “ Robert Bruce's Addic.ss to His 
Army,” “ 3^1 a Mouse,” “ Hallowe’en,’’ “ 'Pam 
o’ Shanter,” and “ The Jolly Beggars,” and leave 
the story of the poet's life for more mature 
consideration. From the works nanu'd may 
be gained sutfieient insight into the humanity, 
the humour, the j>athos, and the lyrical genius 
of their author. The songs f)f Burns must 
appeal to all. They are rieli and rare. “ I’he 
Banks o’ Doon,'’ “ Green Grow' the Hashes 


“The Birks of Aberft?ldy,” “John Anderson,” 
” Highland Mary,” “ My Heart’s in the High- 
lands.” “ An Id Lang Syne.” “ For a’ That and 
a' That,” “ 1’he I.,ass o’ Balloclirnyle ” these 
are part of every Seolsman’s birthright. But 
the poetry of Burns is not only a Scottish 
possession, it enU?rs into thi^ school courses and 
plays no insign ilicarit part in the formation of 
the British ehara(?ter. 
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MATHEMATICS RATIO AND PROPORTION 
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105 . Tlio mti() of ono ([Uiantily to another of 
the same kind is the number of times the first 
contains the second. 

This “ numbiT of times ’ ma^?^ be oith(‘r a 
whole number or a fraction. 

Since wo use division to find how many times 
one quantity is eontairu'd in another, the ratio 

of two quantities is expri'ssed thus ^ 

‘2nd Quantity 

or thus, 1st Quantity : 2nd Quantity, the nota- 
tion in th(^ second case being an abbr(‘viation of 
Ist Quantity 2nd Quantity. TIence, we see 
that to find the ratio of one quantity to another 
we have simply to expr(‘ss the first as tlie frai'tion 
of the second, exactly as in Art. 92. The ratio 
of 3 furlongs to miles is since tliis is the 
result we get, on rediuMiig ‘1 furlongs to the 
fraction of fi miles. Kvidently, the (piantitii^s 
must b<i “ of the same kind.’’ 'riuni' is no ratio 
between 2 tons and 5 sovereigns, for 2 t(»ns 
e«annot bo expressed as a fi'aetion of fi soviMvigns. 

106 . The two ([uantities which form a ratio 
are called the /rr?/fs of the ratio. The iirst term 
is called tin* (intvn^dent, anti tlu* second the 
CorififquonL 

Since the numerator and denominator of a 
fraction may both b<‘ multiplied or both 
divided by the same quantity, it follows that 
the terms of a ratio may both b(‘ multi])lied, or 
both divided by the same quantity without 
altering the value of tin* ratio. 

107 . Pour quantitif's are said to la* in proportion 
when the ratio of the first to the si'cond ecjuals 
the ratio of the third to the fourth. 

Example 1. 2, .’1, 12, IK are in jiroportion. 

since J 

Example 2 . 7 men, o men, ‘Is. fid. and 2s. fid. 

form a proportion. For the ratio of 7 men to 
5 men i, and the ratio of .‘Is. fid. to 2s. fid. 

Iks. fid. 7 sixpenec-s 7 

28. fid. .'i sixpimees .7* 

fhe proportion is expressed by writing tlu* 
sign i ! or the sign between the two ratio.s. , 

'Hi us, 7 men : 5 men ; ; .‘Is. fid. : 2s. fid. 

or, 7 men : 5 men >• - .‘Is. fid, : *2s. fid. 

Either expression is read thus : “ 7 men is to 
5 men as 3s. fid. is to 2s. fid.” 

Since the first two terms of a proportion 
form a ratio, they must he quantities of the 
same kind. Similarly, tlu* third and fourth 
terms must be of the same kind. 

The first and last terms of a proportion art* 
called the extremes^ the second ancl third are 
flailed the means. 

108. In any proportion, the product of the 
extremes equals the prqduet of the means. 

Consider the proportion 21 lb. : J cwt. ; ; 
Is. : 68. 4d. 

996 


states that. 


The second 


The proportion thus 


0| IK oi 

The fii’st ratio is ^ -- The second 

1 ew’t. 112 

ratio is The proportion thus 

.^>s. 4(1 (54 ^ * 

o I I o 

slafs ,hal 

If w'c now multiply each of these fractions by 
112 X (54, w’(* obtain 21 x (54 - 1 12 x 12. That 
is, the ]U‘()duct of the extremes equals the 
product of tlu^ means. Any other (;as(i i;an be 
]>rovcd in tlu* same way. 

109. The application of proportion to the 
solution of ])roblcms depends entirely on the 
property just firoved ; for, by means of it, W'O 
can. when wi* know any thns* li'irns of a pro- 
portion, find the remaining term. 

Example 1. Find the third term of a pro- 
])ortion in whi(4i the first, second, and fourth 
t(*rms arc 7, 1 1, 77. 

‘riic product of tlu* first and last terms 


49 .lw.v. 


Icncc, tlu* iroduct of the second and third 
also 7 X 77. But the sc'cond t(‘rm is 1 1. 

.‘.Tlu* third term ^ 

Exam[)l(* 2. Find a fourth proportional to 
21 yd., 8 yd., 42s. 

The jiroduet of the oxtrenu‘S - product of 
nu‘ans S x 42. 

The first term is 21 therefore the fourth 
1(5; and, sinei? the third term 

42 shilUngs tlio fourth t(‘rm - - Ifis. /Uhs*. 

110. We shall now solve one or two problems 
by the aid cTf proportion. 

Example 1. Tf 1 ton 6 cwt. of coal cost 
i\ 11s. 3d., what will the cost of 3 tons t5 cwt. ? 


1(5; and, sinei? the third term 


Exi'I.\n.\tio.\. We make our “ answer ” 
the fourth term of the juoportion. Now, the 
third and fourth terms must be of the same kind 
(Art. 107). lT(*nce, 8 in (!0 our fourth term is 
to be a “ cost,” so also must our third term. 
We s(*e, then, that £1 11s. 3d. must be taken for 
cjur third term. It only remains for us to 
determine which of the two other tenns, viz., 
I ton .6 ew’t. and 3 tons 6 ewt., is the first term 
and w’hich tlie second. 'Fo do this wo ask our- 
selves the question : “ Will 3 tons 5 cwt. cost 
more or less than 1 ton 6 cwt. ? ” Evidently, 
it will cost more ; so that the answer we are 
seeking is greater than £l 11s. 3d. — the 
fourth tei-m is greater than the third. It follows 
that the second term must be greater than the 
first. Therefore, we arc able to state our pro- 
portion, thus : 

1 ton 6 ewt. : 3 tons 6 ewt. ; ; £l 1 Is. 3d. ; Ans, 
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We must now reduce the first and st.‘cond 
terms to the same denomination (since a ratio 
is a fraction^ and to express on(^ quantity as a 
fraction of another wt' must reduct' tlieni to 
terms of the same unit). The answer is then 
obtained by multii)lying together the second 
and third terms, and dividing by the lirst 
(Art. 109). Since the product of tht; second and 
third terms forms the numerator of our answer, 
and the first term forms tliti denominator, it is 
clear that we may cancel common factors of the 
first and third terms, or of the first and sc'cond, 
but not of the second and third. 


The work finally appears thus : 

1 ton 5 cwt. : 3 tons o cwt. ! ! £l 11 3: Ans. 

20 20 13 


cwt. cwt. 5)20 () 3 

13 "£4 13 

Example 2. If a oc'rtain pasture la.sts oti 
sheep 24 days, how long will it last 04 slu‘('p ? 

Here, the term which is of the same kind as 
the required answer is 24 days. Put 24 days for 
the third term. Next, ask the qiu'stion “Will 
04 sheep be able to gra/.i' for a longc'i- or shortt'i* 
jH'riod than 50 slie(q) ? Evidc'utly, sin('(‘ thi'n* 
are more sheep, the pasture will last le.is time. 
The second term must, theic'forc, be less than 
the first. 

Hence, 

04 sheep : 50 sheep ! ! 24 days : A ns. 

3 7 

Ans. days 21 days. 

111. Such questions as the aljov'c, in which 
w(‘ are giv^n three quantities and requiix'd to 
find a fourth, belong to Simple Proportion. 
We shall now^ consider (pieatioiis of a like nature, 
but having more (juantitics involved, and thus 
requiring more than one a])plication of the riile 
in order to solve them. Such (picstions belong 
to Compound Projiortion. 

Exam])le 1. The carriag(^ of 3(i lb. for 
45 miles is Os. fkl. How far will 58 lb. be 
carried for 14s. Od. ? 


Wc first consider tlu^ following (piestion : 
“ If 30 lb. be carried 45 miles for Os. 9d., how 
far will 30 lb. be carried for 14s. Od. ? ” The 
36 lb. carried, being the same in each case, 
cannot affect the question. Therefore, we have. 
Os. 9d. : 14s. Od. ! .* 45 miles : required distance. 

Hence, this distance - miles, 


Os. Od. 
45x174 


81 


miles. 


4.5 X 1 74 

We next ask, “ Tf 30 lb. be carried 

miles for 14s. Od. how far will 58 lb. be 
carried for 14s. 6d.” Here, the 14s. Od. does 
not affect the question, and we have (since 
more lbs. will be carried a less distance), 

mileH: An«. 

81 

5 3 4 


68 lb. ; 36 lb. 


Ans. - miles miles. 

X 


We see, then, that tlu' given distanee, 45 
miles, has to be changed in the ratio formed by 
multiplying together the two ratios and ;|Ji. 

The ratio formed by multiplying together 
two or more ratios is called the ratio compounded 
of those ratios. 

It may be oxjm‘s.s('d by Avriting the separate! 
ratios under one another and bracketing them 
together. 

The above example would th(‘u be stated as 
follows : 


Os. fid. : 14s. Od. \ 
58 11). : 30 lb. / 


45 miles : Aus. 


and the answer is obtained by multiplying the 
tliird term by all the sc'cond tt'rms, and dividing 
by all the first tc'rins. 

Pxam])l(‘ 2. If 25 men dig a tn neli 210 yd. 
long, 4 yd. wide*, 2 yd. deep in 315 days of 
8 hours each, in how many days will 150 men 
dig a tn'ueh 280 yd. long. 3 yd. wide, and 3 yd. 
deep, working 10 hours a day '! 

First, pick out tlu' quantity which is of tlie 
same sort as tlu' recpiired answer, f.c., 315 days. 
4’his is our third term. We now^ ask a series of 
(jiu'stions, referring alwjiys to this 315 days. 

(i) If 25 nu'U take 315 days, how long will 
150 num take ? L('ss. 'riiereforc!, first ratio is 
150 men : 25 me n. 


(ii) If 210 yd. length takc'S 315 days, lunv 
long w ill 280 yd. U'tigth tak(' ? More. There- 
fore, sc'cond ratio is 210 yd. : 280 yd. 

(iii) If 4 yd. width talo's 315 days, how long 
Avill 3 3 ^d. w idt h take ? Lc's.s. Hence, 4 yd. ; 3 yd. 

(iv) Similarly, considering the (J('pth, wc get 
2 yd. ; 3 yd., and (v) considc'i ing k'ngth of day, 
we gel 10 hours : 8 lioms. lienee, our statemc'nt 


150 men : 25 nu'U > 

•ill) yd. : -iSOyd. j 

4 yd. : 3 yd. )!! 

2 yd. : 3 yd. 

lOlir. : slir. 

Required iiumher of days 

03 i 

X 1 ^ X X ^ X X 

XuiixXU) a Vx 2 x^io’ 


315 days : Ans. 


03 days Ans . 


CHAIN RULE 

112. Su])pose we have a series of (juaiitities 
of difierent kinds, with a givc'U relation Ix'lwecm 
tlic first and second, hetwcum the s(‘cond and 
third, and so on. We find tlu! relation htdwcx'n 
the first quantity and the* last quantity by a 
method knoAvii as ('ha in Rule. 

Example 1. If 3 turkc'ys are worth 5 gcMJse, 
4 gee.se are worth 11 ducks, 3 ducks are worth 
4 fowds, and a j)air of fowls costs 0 shillings, 
find the value of a turkey. 

losing the sign - to denote “ are worth,” 
wc^ have 

Required value (in shillings) 1 turkey. 

3 turkeys ^ 5 gec'se. 

4 g^‘eK(^ - - 1 1 ducks. 

3 ducks - 4 fowls. 

2 fow ls 0 .shillings. 

91)7 
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Thus, the same dononunations (shillings, 
turkeys, oto,), occur on the left as occur on the 
right. Therefore, the product of the numbers 
on the left will equal the firoduct of the numbers 
on the right ; from which we obtain 

Required value - ^ ^ shillings 

^ 3 x\xi\x^ 

- 1 8s. 4d. /Iwtv. 



Example 2. In a mile ract' A beats B by 
(56 yd. B beats (! by 80 yd. By how much 
does A beat C V 

Here, A goes 1760 yd. while B goes 1760 -66, 
or 1604 yd. B goes 1760 yd. wliile C goes 
1760-80, or 1680 yd. 

Arranging the work as in Ex. 1, w'e liave: 

A\s 1760 :B\s1604 

B’s 1760 --.(Vs 1680 
Rcqd. ers- A's 1760 

c g,H.s y,l. l.ilT vd. 

** i,X«oxUW 

A beats C by 1760— 1617 14 »> yd. .I»s‘ 


UNITARY METHOD . 


113. All the examples considered in Arts. 110 
112 may be solved by tlu* rnitary Method. 
»Such a method is neat enough wh(‘n applied to 
problems in simple proportion, but is not to be 
recommended in other <!ases. \V(* sliall, how- 
ev( 5 r, work out li]xainple 2 of i\rt. 110, and 
Example 1 of Art. Ill, to illustrate it. 

Example 2, Art. 110. If a certain pasture 
lasts /)() sheep for 24 days, how long will it last 
64 sheep ? 

Pasture lasts 56 shc(‘p for 24 days. 

.*. It lasts 1 sheep for 24 X 5(» (lays. 

.*, It lasts 64 shecf) for 

(hivii ^ -21 (lavs .I/;.,. 

04 • 


Example 1, Art. 111. The carriagi* of .‘Iti lb. 
for 45 miles is 6s. 9d. How far will 58 lb. be 
< arried for 1 4s. 6d. ? 

Eor (is. Od. .‘16 lb, is (tarried 45 miles. 


.•. For Id. .*16 lb. is carried miles, 

81 

.*. For Id. 1 lb. is carried ^ nii|,.s. 

ol 

For 14s. 6(1. 1 lb. iscarricnl 

45 X 56 X 1 74 
81 


miles. 


For 14s. 6d. 58 lbs. is carried 


4.5 X .‘K) X 174 
81x58 


miles 60 miles .4?/.^. 


PROPORTIONAL PARTS 

114. It is often required to divide a given 
quantity into parts proportional to given num* 
bera. The method of working will be understood 
from the following examph's ; 

Example 1. Divide £8 1 2s. 6d. into three 
parts proportional to 2, X and 5. 

Since 2 + 3 4- 5 -- 10, it is evident that if we 
divide the sum of money into 10 equal portion.s, 
the thr«e parts required will consist respectively 
of 2, %;Ana 5 of these portions. 

998 


Now, £8 12s. 6d. ^ 10 tr. 178. 3d. 

The three parts required are 

17s. 3d. x2- £1 148. 6d.I 
1 7s. 3d. X 3 == £2 1 Is. 9d. Ans. 
and 1 7s. 3d. x 5 — £4 6s. 3d . } 


Example 2. Tfjree men, A, B, and C, rent a 
held for £24 Os. 2d. A grazes 23 cattle for 

17 days, B grazes 27 for 15 days, and G 21 for 

18 days. How much of tlic rent should each 
pay 1 

A’s 23 cattle for 17 days require as much as 
23 X 17 cattle for 1 day - - .301 for 1 day. 

Similarly, B uses as much as 27 x 15 - 405 
for 1 day. 

And (J uses as much as 21 x 18 -- 378 for 
I day. 

The rent should, thewefore, be divided in the 
proportion of .301, 405. and 378. 

Now 301 4 405 I 378 1174. 

33uTefore, A should ])ay 


.301 

1174 


of £24 Os. 2d. 


301 


5870cl. 

1174 


301 x.5d. 


£8 2s. I Id. I 

B sliould j)Jiy 405 x 5d. ■ £8 8s. Od. , Arts. 

(‘ should pay .*f78 x.5d. - £7 17s. 6d. I 

Exam]d(‘ 3. Three boys, A, B, and (\ divide 
1072(> nuts b(‘lweon tin As often as A 
takes 4, B takes 5, and as often as B takes 3, 
G tak(‘s 7. Find the numbeu' each hoy lias. 

A s share : IVs shan* 4 : 5. 

B‘s share : G's share 3 : 7. ’ 

3’h(' numhers nqin^scnling B’s shar(‘ in the 
two ratios nri‘ 5 and 3. The of 5 and .3 

is 15. ‘rh('r('for(% multiply th(^ first ratio by .3 

and the s(‘coud })y 5, in onhu* to mak(‘ B’s share 
l)(‘ r(‘|>iv.s(‘nt(‘d by the sam(‘ niirnhcu’. 15, in (.'ach 
ratio. VW thus obtain 

A s share : U’s : G's 12 : 15 : 55. 

A has ■ 

* “ of the nuts of 10726 
12 : i5 ()2 

12 X 175 -20761 
B has 15 X 175 2505 j 

(^las 55 X 175- 6055 


EXAMPLES 14 

1. A man whose stride^ is 30 in. takes 3120 
ste})s to go a c(‘rtain distance. Ho-w many steps 
will a man whose stride is 2 in. longer take to go 
the saint? distance '! 

2. A garrison of 5000 men has .provisions for 
137 clays. After 50 days it is reinforced by 800 
men. How many more days will the provisions 
now last ? 

3. A man (oiiti’acts to do a piece of work in 
48 days, and employs 20 men. lie 6nds, at 
the end of 36 days, that only half the work is 
finished. How many extra men must he now 
engage in order to fulfil the contract 'i 

4. When candles arc 6 to the pound, each 
candle burns 6 hours. How long will a candle 
burn when tlu?y are 8 to the pouncl ? 

6. In a certain village 2 women in every 5, 
and 4 men in every 9, are unmarried. There 
arc 24 unmaiTied women, and the total number 
of men is to the total number of women in the 
ratio 3 : 4. F'ind the number of married men. 
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6 . A cask was filled with wine and water 
mixed together in the ratio 5 : 11. Wlien 16 
gallons of the mixture had been drawn off, and 
water put in instead, the ratio of wine to water 
was 3 : 5. How many gallons did the cask 
hold ? 

7 . If the carriage of 7*2 cwt. for 15 miles is 
£2 58., how far will 5 cw't. be carried for half- 
a-crown ? 

8. If 4 men or S w'om<m can plant a field of 
5 acres in 3 A days, working 10 liours a day, how' 
long will it take 2 men and 3 women to plant 
8 acres working 12 hours a day ? 

9. The first of 4 boys can copy 4 pages \vhih‘ 
the second copies 5, the second do('s 6 w'hile the 
third docs 7, and the third does 3 while the fourth 
docs 2. "How many ])ages will the fourth boy 
copy while the first boy does IS j)ag(‘s ? 

10. In a 100 yd. race A beats 11 by 1 yd. 

11 beats C by i| yd. in 120 yd. By how 
much will A beat in a mile, supposing l>, 
and (' to always run at the sam(‘ rates ? 

11. A heap of 120 coins consists of half- 
crowns, florins, and shillings : the values of the 
half-crowns, florins, and shillings are as 2:3: 4. 
How' many shillings are there ? 

12. If 100 m(‘n can nuilo* an embankimuit 
55 yd. long, 20 ft. w ide, and 5 ft. higli in 4 days, 
wnrking 1 1 hours a day, liow^ many w ill lu* re- 
<pnred to mak(* an embankment 120 yd. long, 
25 ft. wide*, and 4 ft. liigli, in 5 days, working 

12 hours a day ? 

PERCENTAGE 

115. The (‘xpr(‘Ssion “ p(‘r cent.,*’ which is 
an abbreviation of the Latin words “ per een- 
tuiii,” means for each lunidred.*’ 

'riie symbol % is ofUm used to denote “ per 
cent.” Thus, 7 pt‘r cent., or 7^\,, iinvins 7 parts 
out of (‘Very 100 parts, /.r., of tin* whoh*. 

The numhi'r per cent, is called the rate per 
cent. 

116. Clearly, then, a percentag(‘ of a given 
quantity can always be expressed as a vulgar 
fraction of that ipiantify. In some cases tin* 
corresponding vulgar fractions arc so simple 
that it is advisab’ > to remember them. For 
(‘xample : 


25% 

25 

1 

50'!' 

50 

1 


~100 

4' 


](K) 

2 ' 

75% 

“ 1(K) 

3 

4' 

.33V 

33?. 

' 100 

1 

3' 


fifin 

2 


5 

1 

/O 

100 

3’ 


100 

20’ 

to 

_ n 

" 100 

J 

40' 


12A 

100 

1 

8' 


and so on. 

Again, since 5% - .rV, of £1 - Is. 

Therefore, 5 j)er cent, of any sum c)f money is 
“ Is. in the £.” Similarly, 2J per cent, of a 
sum of money is “ fid. in the £.” 

117 . To find any required percentage of a 
given quantity, express the percentage as a 
vulgar fraction, and take that fraction of the 
given quantity. 

Example 1 . Find the value of 7 per cent, of 
35 tons. 


7 percent. - 

Hence 35 tons 

7 

2*45 tons 
20 

1) 01) cwt. 


2 tons 0 cwt. Ans. 
Conversely, to find what percentage ont* 
(piantity is of another, reduce the first quantity 
to the fraction of the second [Art. 92], and 
take that fraction of 100. 

Fxamplc 2. A tradesman deducts Hs. fid. 
from an account for £5 Ifis. 8d. as “ discount 
for cash." What rate per cemt. does he allow^ ? 

Required rate per cent-- of 100 

£5 Ifis. 8d. 


42 

1400 


of 100 


^ 3^,j A ns. 


PROFIT AND LOSS 

118. When a thing is sold for more than it 
c(jst the s(‘ll(‘r, it is said to be sold at a profit. 
If it is sold for h^ss than tlic cost, it is sold at a 

Hence, 

Profit Selling Pric‘e - (V)st Priei*. 

Loss Cost Prioi! - Selling Price. 

A ])rofit, or loss, is g(‘n(‘rally reekom^d as a 
percentage. 

It is ahvaj^s nndi'rstood that the peireMaye is 
nvhoivd on the eo.'<t price. 

Thus, if an article wdiich costs Od. is sold for 
Is., the s(‘ller gains 3d. on an outlay of l)d., 
he gains or J of his outlay. His gain 
per C(*nt. is, Ihei’efon*, J of 100, or 3*3. \ percent. 

A common mistake is to say that he gains 
3d. on Is.. .[ of 100 per ei‘nt., or 25 pcwet'nt. 

119. 'rhe types (ff questions met with in Profit 
and JiOss, and the methods of solving llumi, 
will ho understood from tin* following (*xamf)les: 

Fxamph* 1. A merchant buys 5() gallons of 
wine for £5S (is. Sd., and sells it at 21s. Sd. a 
gallon. Wliat is liis gain or loss f)e.r cent. ? 

He buys 1 galhui for £1 Os. lOd. 

.')() 

lie sells 1 gallon for£l Is. 8d. 

Then‘fon‘, h(‘ gains £1 Is. Sd. - £l Os. lOd., 
Lr., 10(1., on an outlay of £l O.s. lOd., or 250d. 

His gain per cent, is, th(‘refore, 

•A’o 4^^o Ans . 

Example 2. A wat(!h was sold for £8 ILv. at 
a loss (• 5 ])er cent. What would have h(*en 
the gain or loss per c(‘nt. had it lasm sold for 
10 gnin(^as ? 

Th(* watch is sold for 95 per cent, of its cost. 
We have. then, a question in simple proportion, 
viz., “ If £8 Us. represents 95 per eent. of the 
cost, how much pei' cent, of the cost d(jes £10 lOs. 
represent ? ’’ Whence, 

£8 ILs. ; £10 I Os. 95*^0 of cost : r(Hpnr(‘d 
percentage. 

5 70 


Ten guineas represents 




per cent, 
of cost 


3 


— llfiij per cent, of cost. i.e.<, there is a 

gain of Ifijj?^) Ans. 


999 



Note that in questions like Ex. 2 it is not 
necessary to find the cost price. 

Example 3. A jeweller prices a brooch 40 per 
cent, above cost. Ife deducts 12.J per cent, for 
cash, and gains Ds. What did the brooch cost 
him ? 

A brooch which costs 100 is marked 140, 
*.c., it is marked at ] or I of its cost. 

The jeweller deducts of its marked price, 
so that he sells it for or [)f its marked 


pri(^e. 

Jlut J of marked price - I of I of cost - [JJ 
of cost "(1 } /{,) 

He thendore gains /b what it cost him. 

Hence, Os. of cost. 

Therefore, cost- 40s. ^ £ 2 

Example 4 . If 2.J per cent, more is gaim'd by 
selling a horse for ilTf) than by sidling it for 
£73 10s., what did the horse eost ? 

The difference in the selling ])riccs £7r) 
£73 lOs. £1 10s. 


Therefore £1 10s. is 2A per cent, of tlH‘ cost 
price, i.e., of tla^ Cost j)riee. 

Hence, cost price 40 ' £1 10s. - £(>0 .la.v. 

Example 5 . A man sells an article at a profit 
of •) ])cr cent. Had he bouglit it (>[ jhm* c(‘nt. 
cheaper and sold it for Od. more than he did, h(‘ 
would have gained 15 percent. Find tlu* eost 


If h(^ bought for 0] per cent, less, he Avould 
pay of what hv actually does j)ay. 


To gain 15 j)er cent, he must sell for j(\ , of the 

1 1 r; 

cost, i.e., he must sell for * x ' of th< actual 


eost. 


3 


23 




\f)0 

^00 


16 

4 



of actual cost. 
t>4 


Hut he really s(‘lls to gain 5 per cent., /.c., 
for IXf;, or oa of the eost price. Tin; difTerenei* 
between these selling prices is of tiie 

cost price, or ^ of eost price. 

And the question tells us the dilTin’ciiee in the 
selling prices is 6d. Hence, 9d. - of cost 
price, BO that the cost price 

320d. - £1 6s. Sd. An,s. 


EXAMPLES 15 

1 . By selling goods for £247 a nnu-ehant loses 
6 per cent. What ought the selling firiee 
to be to gain 7 per cent. ? 

2 . A man buys a number of oranges at 2 a Id. 
and an equal number at 3 for 2d. He sells 
the whole at 5 for 3d. Find his gain or 
loss per cent. 

8. If 4 per cent, more is lost by selling an 
article for 9s. 2d. than by selling it 9s. 7d., 
how' much per cent, is lost in each case ? 

4 . A shopkeeper bought 750 eggs at 15 a 
shilling. He broke 13, and after selling 

1000 


the remainder, found that he had lost 2% on 
his outlay. How many did he sell for a 
shilling ? 

5. 24 11). of tea w orth Is. lOd. per lb. are mixed 
with 8 lb. worth 2s. lOd. per lb. At what 
price per lb. must the mixture be sold in 
order to make a ])rotii of 10 per cent. ? 

6. A man sold a house at a profit of 10 per 
cent. Had he sold it for £168 less, and 
bought it 5 per cent, clieaper, he would 
have gained 4 per cent. For what amount 
did he sell the house ? 

7. A trad(‘sman marks his goods 20 per cent. 
ab(}V(‘ eost price, but allows a discount of 
11 ])(‘r cent, oil the marked price. What is 
his net gain per (a*nt. ? 

8. A man sold tw'o houses for £990 each. He 
gnini'd 10 })er cent, on the one, and lost 
It) ])er cent, on tlu; other. Find the 
amount h(* gains or loses on the wdiole 
transaction. ‘ 


Answers to Arithmetic 

Examclks 12 

1. I4 ti<)6}5944i. 

2. 21-92 V; 9 r:s9:’i 12-53 1297. 

.3. 2-2.')jS57li 2-25 | •00j857l4 2} I 

- OIT7 
“Ton* 

4. Reduce botli sums to halfpcuice. Then, 

recpiired fraction 7527 : 47671 -- 

•|57S{M736.S42I052t)‘;. (Apply Art. 96 (3) 
to obtain tlie la-^t nine digits of the period.) 

5. 136 of £7 \A<. lid -0254 of £6 Os. 32d. 
of £7 14-;. lid. - of £6 Os. 3;jd. 

£1 Is. l.\d.-3s. O^d. ISs. O^d. 

6. -73 of 1-J34 of 12 ji of 14-819 - 11 
^ -9^73 - 10-891 i. 

7. = •::85714; i *i 12857; *428571* ; 

1 *57142^; 'J -85714}; J - fl428o. Write 

the d(‘cimals under on * an )ther in this order. 


8. 136 *82 Jljj, Reduce these 

fractions to their lea-it common denominator, 
obtaining and mHIIU. The najuiredgrt'atc.st 
divisor will have 9900 d(‘nominator, and the 
of 1353 and 8200 for numerator. 

ooii 

!)!)00 


Ann. 


9. 'Ai - r,,', : H(‘n(‘e, the rent of each 

floor is of th*‘ nuit of the floor above, 
giound lloor rent x £51 6.=!. 

£76 12s. 8(1. 


10. *384615 Hence, (I - ~ J) of the 

original number is 57. (Jr 57 passengers- 1^ 
of the original number. 

59 

Original number * y x 57 - 156. 


Examples 13 


1. £48487 5s. 4d. 

2. £2357 3s. 11 jd. 

3. £23 14s. 6, Vi. 

4. £537 9s. OJd. 

5. £99 3s. 8d. 


6 . 

7 . 

8 . 
9. 

10. 


£117 4s. 2 Ad. 
£23 2s. 

£427 9s. lO/id. 
£52 7s. 67ijd. 
£8004 ISs. IJd. 
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Group 16 

GROOM, GARDENER & COOK 

HOUSEKEEPING 

Work of the Groom, Stable Hands and Gardener. 

4 

Qualifications and Duties of Cook a. id Kitchenmaid 

C'l-'Utimn il funu 


J’lige 8,0 


By A. EUNICE T. BIGGS 


THE GROOM 

The chief duty of a groom is to look after the 
horses, and to see they are in condition. Jlia 
work in the stal)les will occupy most of his 
time, hut in sonu^ hoiisciholds, where the total 
number of servants kept is not very large, he 
may be ex})ectcd to ])erform certain imloor 
duties as well. He will probably be reephred 
to ride with his master or the ladies of the 
family. These, however, are purt‘ly subsidiary 
duties, his chi(‘f w’ork being in connection with 
the horses under his can*. Wh(‘n they are not 
working regularly they will nct‘d to la* (‘xercised 
(‘ach day, and a. good groom will see that the 
exercist? is suitable for (‘ach individual animal. 

Feeding and Watering the Horses. 
Those duti(\s will fall to the share of the 
groom. 11 (‘ will hav(^ to sup(‘rvise, and in 
juany cas(‘s carry out, tlu^ feeding of the horses. 
Fiach horse will n *(’d thivi^ meals a. day, the 
amount and character of the food varying 
with the work it is called iij)on to })erform. 
The groom must he. an early riser, for at b a.m. 
or earli(‘r he will have to set about the prepara- 
tion of the first meal. The food should, as a 
rule, be giv(‘n before the horses drink. Care 
should be taken to procure pure water, which 
i.s improved by the additiem of oatim'al. The 
water should not be too cold. 

The gr(X)m should lx* on tin* al(Tt to stx* that 
the shoes of his horses are in good condition, 
Aft(*r shoeing, especial tuirc should be given to 
the feet, and it is as wt'll not to attempt mnch 
work immediately after a horse has Ix'en re-slaxl. 
F]very day, after exercise, the horses' feet should 
be w'ashed in water and then well dried with a 
brush. Wlu'ii the bit is removed it should he 
at once washed, dried, and ])olished. All the 
metal -work of the harness should he well 
polished, and the leather w iped over and cl(‘aiied. 
The harness should tlu'n ])c hung up in the 
harness-room on specially providi*d pegs. No 
harness should be left lying about, and the room 
ought to be well ventilated and free from damp. 

THE STABLE HANDS 

The cleaning of the stables is in the hands of 
the stablemeri. Kach day the stables should 
he thoroughly sw'cpt, and then washed, buckets 
of water and stiff brooms being necessary for 
the process. If this is in any way neglected 
the results are very disastrous to the freshness 
and neatness of the stable. Fresh straw should 
be placed under the horses directly it is needed. 

The stable hands will assist with the care of 
the horses. The daily grooming takes some 
time ; each horse has to be brushed over every 
part of the body, care Ixung taken to follow 


the direction of the growth of the eoat. If 
the horse is splashed with mud or stained, it 
may need special brushing with a brush dipped 
in water. Then the laxly is rubixxl over with 
a cloth. Both mane and tail have to be well 
combed; tiny may also need trimming, and a 
little oil may be used to g('t a smixjth, glossy 
(‘tfect. 

Cleaning the Carriages. The carriage 
sht^uld be freed from mud lx‘fore it hardens 
and dries. IMcnty of water should be thrown 
ov(‘r it, and a mop us(‘d to (^(‘an eveiy ereviee. 

By moans of a. jack each whe(‘l is in turn 
lai.stxl and kdt fret‘ to rotat(‘. '.rhen the wheels 
also arc washed free fiom mud. Th(‘ whole 
(‘xt(‘rior must be thoroughly dri(.‘(i, and when 
it is (piit(^ dry it must he well }xjlishi*d with a 
l(‘ath(‘r. Swx‘(*t oil is used to remove stains, 
and also to j)r<‘s(‘rve the varnish from cracks 
and blisti‘rs. 

I'he brasswork, handles, (*te., must be 
thoroughly ]x.)lishc(l with paste and l(‘ath(‘r. 

carriagi^ cushions should bo taken out, 
b(*al(.‘n ancl hrusluxl, and then replaced. 'Jim 
W'holc of the inlc'rior slu^uld be Ix'ushcd and 
dusted, the foot-rug taken out and shaktau 
and th(^ window -glass clean(‘d and ]X)lished. 
These duties may devolv(‘ on any of the mew 
(‘(.amected with th(‘ stables, from (X>achnian 
downwards, but ht^ is himself responsible fo?' 
tlu' work, and betbiv taking the carriage out 
h(^ should see that it is satisfactory in every 
way. If the springs get worn, the hing(‘s (d 
th(* door cr(‘ak, or other minor rc‘pairs heeojiie 
nec(‘ss.ir>', lie should he on th(‘ al(‘rt 
to detect thcs.‘ defects and sec that they are 
rem(‘died. 

THE GARDENER 

The gard«‘n(‘r’s duties wall vary considerably, 
according to the area of the land fen* which he 
is responsible, and the numb(‘r of under-gar- 
deners and odd jncii wliosij services are at his 
disposal 

In a large estate the head -gardener will prob* 
ably be allotted a small house, which privilege 
is also enjoyed by the (Xiachman. His duties will, 
to a large extent, consist of organising the wwk 
of the men under him. Ho w ill consult with the 
master as tc; tluj lading out of different parts of 
the garden, as to jiossible changes in its form and 
arrangement, and concerning the adornment 
of particular parts. He will be responsible for 
the supply of fruit and vegetahles to the 
house. One of his privileges is a fr(;e supply of 
such food to his own table ; he is also justified 
in reet'iving certain commissions fr(3m se(‘d 
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merchants, provided that he has always his 
master’s interest at heart, and that he does 
not order from a particular firm merely to 
secure a large commission. 

'^riio head -gardener will havt? to see that the 
various products of the gardens, seeds, cuttings, 
etc., are properly collected and used to advan- 
tage. He will do little of the actual work him- 
self, but he must b(‘ quick to detect which of 
his assistants exc(*ls in any particular kind of 
work, and allow him to do that work whenever 
possible. A man may be very deft in one 
direction aad equally clumsy in another, and 
the head-gardener should se(^ that each man’s 
talents are made tiu^ most of in allotting the 
various tasks. 

THE COOK 

The cook is the chief of th(‘ servants who take 
their meals in the servants’ hall. If slu* is 
working in a small establishment, many duties 
will fall to her share which in a larger house 
would have be(ui relegated to other servants. 
Should she share the household duties with 
only one or two otlier servants, lier own dutii‘s 
will inehide the earc^ of various rooms heskh's 
her kitchens, and she may, by ariangemenl 
prior to her engagement, he called uj)oii to assist 
with work outside her own particular domain. 

It is of great importam^e that the cook should 
be an early riser. Ihdess many appanuitly 
trivial duties are performetl before breakfast, 
the work after that meal tends to become 
disorganised and laborious. The cook should he 
up in good tiims or she will find it none too easy 
a task to prcqiaro the breakfast, and see that all 
is in readiness at the appointed hour. A 
punctual cook adds jiiuch to the comfort of the 
household. Her energy is a good example 
to her ftdlow -servants, and the various members 
of the fiunily will be incited to more ])unetual 
habits each meal is on the table at a tixed 
hour. 

Characteristics of a Good Cook. 

A good (!Ook will not only he careful to serve 
the meals at their ])roper time, but she will 
take great pains to eiisurti the food being well 
prepareil and thoroughly cooked. 8hc will 
not undertake the preparation of more elaborate 
dishes than she has the (*x]K*rience and skill to 
execut(‘ satisfactorily. >She Avill do her utmost 
to serve every dish tasU'fiilly, and to jirepare 
the food so that it is appetising and digestible. 

A good cook is economical in her tieatment 
of food. No 8era])s are wasUnl, and she will 
arrange that food is not allowc'd to get stale 
or turn sour. To secure this end it is important 
that she sliould examine her larder every day. 
Provisions that are put away for a second meal 
should be plac^cd in clean dishes. Soup.s and 
liquid foods will probably need to be warmed 
up and rcplactKl in clean tureens, and it is 
important that the interior of the bread-pan 
be frequently wiped out with a clean cloth. 

The cook should daily go through her house- 
hold supplies to see that no important article 
is missing. Unless this precaution is taken 
it is vety likely that she will suddenly find 
herself 1^ a loss for lack of mustard, or some 
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other essential ingredient. Flavouring sub- 
stances, spices, vinegar and similar articles 
should be added to the store-cupboard before 
the previous stock is quite exhausted. 

The cook should keep a slate in some accessible 
corner of the kitchen, on which to record any 
deficiency directly she notice it. ^Fhen, when 
she receives her oKlers for the day, cither from 
her mistress or from the housekeeper, she can 
refer to this in stating her wants. If she trusts 
<*ntirely to her memory, she will probably find 
it fail her in some important particular. 

The Cook’s Dress. Neatness should 
Iw the keynote of a cook's attire. Her work 
necessitates long hours in the w^arm aimosidiere 
of a kitchen, and she will find cotton or print 
dresses th(' most s(*rvieeahlc and durable. 

The skirt, which should be short enough to 
clear the ground, sliould lie covercHl with a 
large apron provided with a bib. Many cooks 
wear two aprons — a small neat oru‘, and a 
larger one which practically covers the whole 
skirt. 'Phis upper apron protects the one under- 
neath, and earl be quickly removtsl should the 
cook need, say, to answer the door. 

( ’omfortahk', w (‘11 -fit ting sh(X*s wutli fairly 
thick soles arc* (‘ssemtial, us constant standing is 
very trying to tlu‘ feet. 

Kitchen Arrangements. If tin* kitchen 
•routine is to })ro(*e('d without a hitch, the 
cook must he methodical and orderly in all 
sh(* does. It is a great mistake* to allow utensils 
to aeeumiilate on the tables whilst cooking is in 
progr*(*ss. As each basin, jug, or spoon is done 
witli, it should be put aside to be w'ash(*d later. 
Articles that have b(*(‘n taken from the store- 
euphoard, siieli as currants and Hour, should he 
replaced as soon as they ha^'(‘ been used. The 
cook only liinders her own operations hy allow ing 
the table* to bccaune strewn with utensils. 

The daily duties of the cook W'ill depend 
to a very large* degree on the size of the 

family and I hi* number of the servants. If 

hut few of the latter are kept, the cook’s 
duti(*s will depend, to a certain extent, 

upon the arrangnu'nt made between herself 
and her mistress wluui she w'as engaged. 
She should be dowuistairs early, (dean her 

kitchen rangt*, light the fire, ancl put on the 
kettle. Sh(* should tlum proc(‘od to the break- 
fast-room, which will probably be under her 
special care. This room will need careful sweep- 
ing, dusting, and reaiTanging. She should then 
lay the breakfast and put everything in readiness 
for the meal. 

Duties. In some houses all this work in the 
dining and breakfast-room is done by the house- 
. maid . J i j t h is case, after her preJ im inary kitchen 
duties, tile cook can at once proceed to the 
hall and staircase. She should remove the 
mats, shake and replace them, brush the stair- 
carpet, rub up the rods, and dust each side of the 
“ tread,” and also the banisters. If the hall is 
tiled or covered with linoleum, it will need 
either washing or wiping over daily. 

I’he cook will then return to her kitchen, 
sw'cep and dust it, and make it neat and* 
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comfortable before she sets about the prepara- 
tion of breakfast. Sometimes the cook is 
responsible for the waiting at table during 
breakfast if the only other servant is a house- 
maid. In any case, she, as a rul(% clears away 
after the meal. Whilst the family are at break- 
fast, the cook generally helps the housemaid to 
make the beds. 

Having removed the breakfast things, the 
cook washes them up, with the exception of the 
platen and glass, which is left to the housemaid. 
Then she should tidy up her kitchen, and by 
10 o’clock be in r(*adiness for. the visit of the 
mistress or the housekeeper. 

The Preparation of Meals and 
Menus. Tlui cook may sometimes be expected 
to suggest a menu for the day's luneli and dinner, 
or she may have to await instructions. If tluTc 
are any deficiencies in tlie ston's to be nnwh* up. 
she should then report th('m, at the sanu* time 
drawing her mistress's attention to any par- 
ticular food \vhicli should be eonsumed at ouc(‘. 

After the orders for the day have Immmi 
received, th(‘ cook w ill firul the morning occuf)ied 
with culinary mHtt<*rs. Many orders Avill Jiav(‘ 
to b(‘ given to the various trade.s])e()plt“. 'the 
eook should se(‘ that Jier mistress is W'ell Sia’ved, 
that vTg('tahles are sent fresh from the gnaai- 
grocer, and that full measun^ is given. 

During the morning tlu5 cook should prejiare 
luncheon, and also make ready all tliat she can' 
for the dinner, (‘old sweets can be prepanal, 
and the greater part of the prc'paration of many 
dishes may be arrang<‘d. When tin* actual time 
of dinner drawls near, the cook should endeavour 
to so organise* h(*r work that tlu'n^ is no burry or 
confusion at tlu^ last minuter 

Among her further dulie's will be included 
the cleaning of the larder and of the scullery, 
if no scullery maid is k(‘pt. The sinks should 
he flu.slu^d p(*riodically witli boiling water to 
Avliicli a little soda has been added. (^Ireasy, 
soapy water lias a tendency to elog the outlet 
pipes, as the whaler cools a ml tlie grease solidities. 
This can be remedied by the use of v(‘ry h(»t 
water every now^ and then. (\*rtain other tasks, 
such as the w'asL.ng and wliitening bf the front 
steps, may fall to her share in a small household, 
and she may, by ,irrangem(*nt, be ask(‘d to assist 
in doing a little laundry w ork. 

THE KITCHENMAID 

The kitchen, or scullery maid does the dirtier 
part of the kitchen w'ork, leaving the cook more 
freedom to pursue her culinary duties. If both 
kitchen and scullery maid are kept, the actual 
cleaning and the w^ashingof saucepans andoth(*r 
utensils falls to the lot of the Jat ter. The k itchen- 
maid prepares the vegetables for table, and 
undertakes the less skilled cooking. She relieves 
the cook of most of her household duties, such 
as the scrubbing of steps and wtudiing the 
hall, etc. 

In a large establishment, working under a good 
cook, the kitchenmaid may acquire an excellent 
knowledge of cooking. This, however, will 
almost entirely depend upon her superior in the 
•kitchen. Some cooks resent the idea of allowing 


their kiUdicnmaids to become proficent, and 
will banish them to other tasks in the scullery 
while the more interesting w^ork is going on. 
The kitchenmaid will probably be entirely 
responsible for the preparation and serving of 
her billow-servants' nu'als 

Hints for the Scullerymaid. Phmty 
of boiling water should ho used in washing 
up dirty kitchen utensils. 1'he washing-up 
howls should l^e washed out with strong soda- 
water after use, and then w'ip(*(l dry. Dishes 
and plates should be rinsed in cl(*an water after 
washing, and be i)ut to dry in a specially eon- 
strueted rack. 

MmOi labour will be saved in (he cleaning of 
baking-tins and saucepans if tiny are put to soak 
in hot soda-wat(a‘ as soon as th(*y have been 
used, and all eojiper and tin utensils should be 
()olis]ied at least oiici* a week. 

No cooking utensils should he left dirty from 
om* day to the next. After tlu* saucepans have 
b(*en cleaned, they should be carefully dried: 
pastry -boards and rollers should lx* serubbed, 
and the kit ebon table also k(‘pt serupulously 
clean. 'Jiie cleaning of tin? knives and tlu* 
brushing of tlu^ gentJemen’s boots will fall 
to tlu^ sliarc of the sen I lory maid. However, 
as is tlie cas(* witli each domestic S(*rvant, 
the exact duti(*s of the kitch(‘nmaid can hardly 
hedelined. iiu‘y vary in dilleri'nt liouseholds, 
and the requirements and individual wishes of 
each ]mrticiilar cook determine whether the 
))osition oi kitchenmaid is altogether desirabk* 
and pl<‘asant. 

THE HOUSEMAID 

The. housemaid should jiossc'ss a love of order 
and of ])uiictuality. She should ho neat and 
nu‘(h(>dical in Jier work, an early ris(‘r, and if 
she is skilful with her iKicdle she will he able to 
add much to her mistress’s comfort. In a large 
establishment the duties of the hous(‘mald.s will 
vary with the numlxu* kept and also with the 
nuinix'r of other servants included in the 
household. d'he upper-housiuiiaid will have 
only very light duties to perform, but her 
responsibilities will he fairly heavy, for sho 
will have to superintend the work of the other 
housemaids, and s('e that every detail of it is 
carried out thoroughly. 

The drawing-room will be under her particu- 
lar care. She may undertake its s()l«5 charge, 
doing all the sweeping and dusting herself ; or 
she may propane the room for swei^ping, and 
after this lias been dom^ by an under-housemaid, 
she herself may dust anJ polish. 

The Duties of the Housemaid. 
Where several liousemaids arc kcj)t, the various 
duties will bo divided among them, but the 
daily tasks of each wdll be, to a great extent, 
similar. Certain rooms will bo entrusted to 
tlie housemaid, which she will have to arrange 
before breakfast. She will have to open the 
shutters and windows to air the rooms, tidy 
the hcarlhs and lay the fires, swoop the carpets 
and rugs, and then very carefully dust the whole 
room. When the housemaid is down in good 
time she will be able to do all this w^ork Ixdore 
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beginning her duties upstairs* If there is 
no lady’s-maid, she must, at the appointed 
hour, call the members of the family, taking hot 
water to each room. If the mistress takes 
a cup of early tea, th(^ housemaid must take this 
up also. She will then come down to her own 
breakfast, and when that is linished she will set 
the breakfast of tlui housiihold in readiness. 
In the case of this work being undiu’taken by 
the cook, the housemaid wall lind plenty to 
occupy her until t)»c family are assomblcd for 
breakfast. During that meal she will ri'pair to 
the bed-rooms and strip the labels for airing. 
Her nt^xt duty is to (uupty the baths, arrange 
the WHshstanJs, and put fresh water in the 
water-bottles and jugs. 

BedmaKing. I’he jiroec^ss of bedmaking 
IS next begun. Eaeh bed, after a good airing, 
is made to suit tlie individual taste of its oceii- 
pant. ^J'lu' housemaid will probably be given 
some assistance in bcdmakiiig, either by the. 
cook in a small household, or by another house- 
maid in a larger eslahlisliment. Tl»e sheets 
should bo arrangt^d smoothly and w^ell tucked 
in, the jiillows and hoist (‘rs beaten up mid 
shaken so that tlu'y are soft and comfortable. 
Some mattresses will ne<*d to he turned and 
shaken daily, and in the case of a feather bed 
this is ahsoiiilely essejitial. 

When tlu? beds Jiave been made, the bed- 
rooms will need to he eleamul. 'fhe carpets 
should be gom^ over with a dustpan and brush 
and tlio skirtings dusted. The dusting process 
sliould bo applied to (‘.viuy article of furniture 
in turn, and ev(‘ry crevic*e should be free from 
dust. The furniture should he carefully polished, 
also tho dressing-table, miiror, and silver. 

The bed-rooms should be j)criodically turned 
out, a regular routine h(‘ing observed in carrying 
out the work. After the bed uiirl most of the 
furniture have been covered \i}) with dusting 
.sheets, the bt'd-rooin carpet is thoroughly 
sw'ef)t. It is well to remove from the room all 
small and portable articles of furniture — vases, 
dressing-table ornamejits, etc., and to loop up 
the wdndow-eurtains. It is a good plan to 
scatter some tea-leaves or some salt over the 
carpet before swooping, to frcslien it up. 

All })olished furniture must be well polished 
by frieti,on wdth a Ictither or silk cloth and by 
the occasional use of a prepared polish. 

Occasional Duties. In a small estab- 
lisluucnt tho housemaid will bo responsible for 
the plate and glass used at table. Once a week 
she will have thoroughly to polish all the silver, 
using a good powder for the ])urpose. In such 
households the lioiisomaid will lay every meal, 
w^ait at tabl(3, bring in the afternoon tea,* answer 
the front-door bell, and show' in visitors. When, 
in the spring, the house is subjected to a tliorough 
cleaning, she will be responsible for much of the 
work to be done. 

The lamps and globes used in lighting the house 
will be under tho housemaid’s care. If tho 
cleaning of them also falls to her lot, she must 
be very careful over it. SiKHjial brushes, scissors, 
and cloths should be kept for oil lamps, and the 
trimming should be performed every day, for 
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lamps nevw burn well without very careful 
attention. 

Care of the Sitting « rooms. The 

housemaid will be responsible for the care of the 
dining-room and the drawing-room. ^ Plach 
room must be carefully freed from dust and 
dirt daily. A dustpan and brush should bo 
used for the carpet, and every article of furniture 
must be well dusted and polished. In small 
households, where there are many grown-up 
daughters and few' servants, the care of the 
d raw' ing -room ornaments is often undertaken 
by a nuunber of the family, lliis fn^es the 
housemaid and enables her to get on with other 
luore important duties. Before tho midday 
meal the housemaid should retire to her room 
and dress herself neatly for duty during tho rest 
of tiio day. In the morning she will w'oar a 
light-coloured print drt*ss and a large apron ; 
in tho afternoon these are discarded for a black 
dress and rather morii ornamental muslin ax)rons. 
Tho housemaid’s cap should be simple, and her 
<‘ollars and eulfs quite irreproacliabk^ in their 
whiteness. 

Evening Work in the Bed-rooms. 

T'he housemaid is r(‘sponsil)le for opening the 
bed-room windows at suitable iinu's, and closing 
them again at sunset, or a little later. When 
it becomes dark, she. must visit eaeli hed-roorn, 
draw' down the blintls and close the curtains. 
*The bedspreads and ))i]low' shams should be 
removed, and the Ix^dclothes turned down and 
the niglii garments neatly arranged r(*.ady for 
use. Then the l)ed-ro()m tires should bo light(‘.d, 
if tlu^ weather is cold, in time to make the room 
eomfortal)ly w'arin by b(‘d-time. A can of hot 
water should be ])ut in readiness in every room, 
'rhese prepai*ations can be made about aji 
hour anrl a half before the time of dressing for 
dimuir in a large establishment. Then, when 
the family arc iissemhled at the meal, the 
houstauaid will return to tho bed-rooms, re- 
arrange the washstand, and set the room in 
ordta- for the night. Candles should be placed 
in readiness, the eundlestieks having been 
eleaiud during the morning. 

An energetic housemaid will get through her 
work in good time, and have leisure to sew for 
her mistre.ss if required to do so. She should, 
therefons be ekjvcr with her needle. Much 
houseliold mending, remaking, and patching 
may fall to her share, and if she can do such 
work efficiently sh(3 will add greatly to her 
mistress’s comfort. 

THE PARLOURMAID 

A parlourmaid’s duties are practically those 
w'hieh would bo performed by a single man- 
servant. She is usually kept in those house- 
holds where no lady’s-maid is found, in order 
that she may perform little services for lier 
mistress. An extra maidservant, such as a 
parlourmaid, can add greatly to the comfort of 
the household without much extra trouble. In 
houses wlM3re a cook, a housemaid* and a young 
maid who assists both cook and housemaid are 
found, the parlourmaid is often the fourth 
servant engaged 



The Parlourmaid's Dress. The par* 
lourmaid has only light duties to perform, and 
she will therefore bo ex|>oeted to be always heat 
and trim. She should w'car a light print morning 
dress, with a muslin apron, and a black dress 
covered by a more elaborate apron in the after- 
noon. Her cap, cuffs, and collars should bo 
invariably neat and clean. It is ih(5 duty of the 
parlourmaid to wait at table and arrange the 
meal beforehand. If she is assisted by the 
housemaid at table, she takes precedence (»f 
her. If she assists a manservant, she assists 
him as if he wore a butbr and she a footman. 

Daily Routine. The daily routine of the 
parlourmaid closely resembles that of a single 
manservant, except that she will probably i)e 
called upon to assist in more purely domestic 
duties from which ho would bo (exempt. She 
will wait more particularly on her mi.sti(‘ss, and 
she may be called on to assist the housemaid in 
bed-room wTirk, such as betlmaking, etc. 

The parlourmaid will be responsible for the 
f)late and glass used at table if no manservant 
is kept ; and theses she will have to wash and 
polish after use. Her time will bo well lille<l in 
p(Tforming these duties, in laying the table for 
the various meals, in waiting at tabl<\ and in 
clcearing away when the meal is ovi'r. 

The parlourmaid is geiu'rally iXMpured to 
answer the dining-room and drawing-room bolls, 
to open the front door, and to announce visitors. 
She will also bring in afternoon tea and sca've thc^ 
c()ff(H^ after dinner. SIk^ will he responsible for 
the various sitting-room tires, and for the venli- 
lationof bnnikfast and dining-room after meals. 
THE HOUSE-PARLOURMAID 

In small establishments, when' hut few ser- 
vants arc retained, one maid is ('ngaged to 
perform the joint scrvic(‘s of parlourmaid and 
housemaid. Such a maidservant lays tin? table 
for meals, waits at table, clears away afterwards, 
and washes the plate and glass. She also has 
charge of the bed-rooms, calling the different 
members of tlie family, and canying up hot 
water. After breakfast, she makes the beds, 
generally with assistance, and dusts and arranges 
each room in turn. In the afternoon she answers 
the front-door bell, and brings in tea, (‘te. In 
the evening she sets the table for the last meal, 
waits during its progress, clears away after- 
■wards, and then prepares the different bed- 
rooms for the night. I’hus the house -parlour- 
maid performs the most important duties of 
both housemaid and parlourmaid. 

THE BETWEEN-GIRL 

The botwecn-girl is generally a young maid- 
servant who spends part of lier time in the 
kitchen assisting the cook, and part in the 
bed-rooms, etc., helping the housemaid. As 
the cook’s assistant, she does much of her 
work that ordinarily would be undertaken by the 
kitchenmaid. She helps in the washing up of 
pots, pans, and dishes. The polishing of tins and 
copper utensils will fall to her lot, and she will 
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probably prepare, vegetables for cooking. She 
will peel or scrape the potatoes, and cut up and 
put the cabbages to soak in salt water, (dc. The 
between-girl may also he called upon to ehian boots 
and knives. Her work in assisting the house- 
maid will be to bel]> to make the beds, and 
perhaps to arrangt' tlu*. washstands, dust tlie 
skirtings of the rooms, etc. 

THE STILL-ROOM MAID 

ITie still-room maid is now but seldom 
found in Jiousehulds. Her duti(‘s are simple, 
but as still-room maid a bright and capable 
young girl Avill find she has abundant oppor- 
tunities of learning many useful details of 
household management. (Generally, she is r(^- 
garded as the housok('eper’s assistant. When 
the housekeeper is busy making preserves of 
various kinds, tin* still-room maid Avill he ke])t 
hiisy picking th(' fruit, etc., used. She will 
oeoiipy herself stoning fruit in less busy times. 

The still-room m lifl is responsihh' for the 
arrangement of the housek(‘e])er's room ; she 
will light the lire there, swt'cp and dust the room, 
and lay the various meals. I\'lii*n the nuvils are 
prepared, sfie carries them in to the housc- 
kc'cper’s room, and waits at table on the iii)per 
servants, who take tlu'ir meals thm’e. In some 
households slu' arranges tlu' ilowers for the 
various rooms, and prepares th(f dishes of .sAveet- 
nu'at.s and dcsst'ft for the dining-room. 

THE LAUNDRYMAID 

'Ihe services of a laundry-maid are seldom 
requisitioiKsl, exe(‘pt in large houses in the 
country. The. dinienlty of conducting laundry 
work satisfactorily in a. large town is suilicient 
reascui for the work to lx*, sent to the professiona-l 
laundress, Avho A\ill doubtless arrange' to carry 
on her work on tlu' outskirts of the town. 

Tlie laundrymaid generally pc^rforms h(‘r 
duties in a se])arate })art of the hous(*, (‘ilher 
quite detached from tin* main building or (*lse 
only communicating with it by a. yard or 
passage. Tin' huikling Avill comprise a vvasli- 
house. a room for ironing jnirposcs, with pro- 
perly const ruc'tofl stoves, and probably ])n'SHes 
or cupboards in Avhich the various arti(‘les may 
be thoroughly dried. 

Importance of her Work, 'Phe 
laundrymaid has a very important task, and 
much of the comfort of every menib(‘r of the 
family depends f)n the exe(‘llenee of her work. 
She must carefully avoid the use of all eheinieals 
and bleaches, wliieh so quickly rob and spoil 
tine underwear. She must also be a skilful 
ironer. Tin* d(*tails of h(*r work will be given 
under the section Lavndhy Work. 

When the soiled clothes and house linen an* 
given to her, she should carefully count 
and sort it. Stains and marks should In* 
removed and the different classes of matei’ial 
sorted, in order that they may be subjei'U'd tf> 
the correct treatment. Some of the clothes will 
need careful soaking, and this may be done the 
day before the actual washing proix'ss begins 
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omoGY THE OLDEST, OR IGNEOUS ROCKS 

4 How they Cooled and Crystallised into their present formation. 

The Ten Families of Ig^neous Rocks and their Characteristics 


ikmtlTKied from 
JWjfO HJW 


By W. E. GARRETT FISHER 


\J|7E have seen that the igneom rocks must he 
^ the oldest of all, and as it is always well 
to follow the order of Nature, wo shall begin 
by giving an account of the most important 
eon8tit\ients of the earth’s crust which belong 
to this class. Then we shall dcs(;ribe the 
Aedimcntarif rooks, uhioh have b(‘cn derived 
from the igneous by the work of natural agfuits, 
by weathering, attrition, and deposition. Lastly, 
wo shall glance at the metamnr phir. rocks, which 
share the characteristics of both th(‘se main 
classes. 

The Igneous Rocks. 'Fhc; igneon.'i rocks, 
as their name, implies — from the l,,atin e/JuX 
tire — have come into existence^ through the 
action of heat. The older geologists divided 
them into two great groups, according to tin* 
circumstances in which they wore [)repared 
in the vast laboratory of IS^itun\ I^ooking 
back at thc^ history of the 
earth, as descrihc 5 ,l in an 
eaiiier chapbT. we see that 
the whr)le .substance of 
which the earth s crust is 
now comj)osed was onc(* in 
a state of fusion. Thus 
every ro(;k which we ean 
find on the surface of tlu' 
eartJi must, once ha\'e 
forin<*d part of an igneous 
mass ; in othf'r words, it 
was once licptid, like tli(‘ 
lava uhich ]>oiirs from the 
vent of an active volcano 
or the slag of a. blast- ^ 
furnace which is skimmed ' 
off the molten iron. But 23 . 

it would be vain to hoj)(3 

to find any part of the earth's surface still in the 
condition in which it w^as left when the molten 
rocks first solidified. 'Fhe natural agents of 
change, which w'C shall study in a lat(?r cluipter — 
wdnd and rain, ieo and running water, and all 
the powers of the air — have been at w ork for 
countless ages to modify those primitive con- 
ditions. 

Volcanic and Plutonic Rocks. It 

is clear, how^ever, that the igneous rocks which 
wo now recognise have had their origin in two 
ways. They may have been solidified deep dow n 
beneath the surface of the earth, and have 
gradually made their appearance at the level of 
tho ground, wdiere w^e can now study them, by the 
double action of those forces which gradually 
upraise the lower strata in one part of the earth, 
while they depress tho upper portions of tfie 
crust in another ; or they may have been 
exposed to view’ by the slow denudation which is 
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caused by the action of the weathering agents, 
which also break these rocks down into sedi- 
mentary forms, and which arc capable — given 
sufficient time — of removing strata thousands of 
feet in thickness, so that tlic giant masses of the 
Alps are but the trifiing nunains of the incon- 
ceivable mountains which once reared their 
summits into preliistoric sky. Again, the 
igneous rocks which we now find on the earth’s 
siirfaeo may have bcHUi brought to the ground- 
level in a licpiid foirn by what \vc call volcanic 
forces, as is even now' happc'ning at Vesuvius, 
Krakatoa, Mont Ik'lee, or the other active^ 
voloano(‘S which survive from the remote age 
\vh(‘n th(‘y w(‘r(‘. far more active and more 
numerous. Ign('ou« rocks w hich were produced 
in the latter fashion arc? called valcanic, whilst 
those which solitlili('d deej) down, and have 
since been reveak'd, arc* called plulonic. Th(*st* 
names are derived from 
those of two (ireek deities 
-Vuh'an, who was sup- 
I ])os(‘d to work inside* 
the burning mountain of 
Ltna at forging the holts 
of iJov'e, and Pluto, who 
was the ruler of the 
tmder- world. 

Physical Distinc<^ 
tions. 'rh(‘se two divi- 
sions eor res pond to well- 
marked physical distinc- 
tions in the tw'o elass(\s of 
rocks. The volcanic rocks, 
which mainly cooled oii 
or n(‘ar the surbiee, natu- 
TMU'K ‘’'dly solidified far more 

(piiekly, and arci therefore 
marked by a much finer crystalline structure [sec 
Physics]. Sometimes - -as in obsidian, or the so- 
called volcanic glass — they show no crystalline 
structure at all. Often they are full of holes, or 
vesicles, left by the escape of tlu* gases with whic^h 
they were charged w'hen th(*y first escaped from 
the vent of the volcano. Pumice-stone [23], in 
which the holes are more extensive than the sub- 
stance, is a familiar instance. In general, they 
clo.sely resemble tho slag which th(? student car 
examine on the refuse heaps of a blast-furnace 
Volcanic products may be superficial, poured out 
in vast sheets on the surface, or intrusive, thrust 
up in dykes or hosseJi from the hot interior. The 
plutonic rocks, how’ever, solidified deep down 
under the earth, and consequently cooled so 
slowly that they had time to develop a well- 
marked and frequently coarse crystalline struc- 
ture. The immense pressure of the superin- 
cumbent rock-masses — often 10 or 12 miles 
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thick — compacted these rocks as they cooled, 
and gave them a close texture which left no 
room for the vesicles, or bubbles, so character- 
istic of the volcanic rocks. There arc other 

distinctions, but 
these' two an? 
sufficient for the? 
beginner to nob'. 
Volcanic rocks 
show small crys- 
tals, or none at 
all, aiul are ofb'ti 
loose in texture 
or full of holes. 
Plutonic rocks arc 
clos(? in texture, 
and show large 
crystals. For the 
purposes of ele- 
mentary descriptive geology, howc'ver, tliis dis- 
tinction, though it must Iw? clearly understood, 
need not be list'd in classifying the ignt'ous 
rocks. Th(? same rock is found in both con- 
ditions, according to tlic eii- 
cumstances in which it was 
produced. 

Crystallisation of 
Rocks. Once upon a time 
all th(? igneous rocks existed 
in the form of a li<pud lava. 

'Phis liipiid was closely akin to 
ordinary molten window -glass, 
which consists, like it, of a 
mixture of silicab's. Of course', 
it must not be thought of as 
transparent, becausi' it con- 
tained a gr(*at many impuritii'S 
and colouring matters from 
which the glass of our manufacture is eare- 
fully purified or kept frt'i' : but in all essentials 
it was glass, and sometimes cooled, as in 
the cas(‘ of obsidian, into a, substance hardly 
to be distinguished from tlu' coarse glass which 
is made for bottles. ff it was allowt'd to 
cool slowly, however, its components arranged 
themselves into crystals of the fundamental 
forms correspoiulinir to thi'ir chemi<*al composi- 
tion, and the slowei the cooling the more com- 
plete was this process of crystallisation. Soim*- 
tirnes it was cut aiiort in the middk*. Part ot 
the liquid had crystallised when tin? remaining 
tmgrm — as it is technically call(?d — was solidified 
so fast that it had not time to form crystals. 
< bnsequently, we find igneous rocks which may 
he wholly crystalline, like sonu* granit<*s, or 
partly crystalline, with the crystals set in a 
formless matrix^ like porphyry, or not ciystalline 
at all, like obsidian. 

Again, the igneous rooks differ widely in their 
chemical composition, though they are all com- 
posed — with insignificant exceptions — of the 
minerals which have already been described. Jt 
is true, by the way, that the exceptions are 
insignificant from a geological point of view ; but, 
humanly speaking, we must treat them with 
respect, as they include some of the ores from 
which our currency and much of our manu- 
factures are derived. 


Classification of. Igneous Rocks. 

There is as yet no thoroughly satisfactory 
rla^tMificatum of tin* igneous rocks. Th(*re are 
several mori' or less I'ffieient systems by which 
such a classification may he atb'inpted. It is 
quite unnecessary to trouble tin* learni*r with an 
account of these. One need only say that rooks 
may be sorted into groujis in diffi'rent ways, 
aeirording as wc: consider their (*hemieal compo- 
sition, their texture, the mint'ials of which they 
are built up, their mode of oeeurrema' in the 
field, their origin, or thi'ir distribution in time 
(geological agi*) or space (lo(;ality). Various 
attempts have* been made to discover a really 
scientific principle of elas.sification, hut as yet 
th(*y have not been wholly successful. It 
di'fiends on the object of study whether oni* or 
another of thi' va*ious methods pioves to be the 
most convenient. For our purpose, thi* learner 
may he recommended to the' classification 
adopted by Sir Archibald (leikie in his IVxt 
Book of deology,*' Book 11., Part 'J, Sect, vii., 
where it may be studied at li'iigth by thost' who 
desire a closer aeipiaintanee 
with the leading igneous roclm 
than we can give in these neces- 
sarily brief pages. It will bo 
understood that the student 
must supplement this jiart of 
the course by an (‘xamination 
of tlu' various rocks, both i.' a 
museum and in the field, and. if 
])ossil)le, by some work in a 
pi'trologieal labonatory, and in 
a lii'ld class. Jt is suffieioit 
hi'ie to give an abstract of i iir 
A. (h'ikie's classification, which 
is basi'd on tlu* ehemiital ind 
minernlogienl composition of llu' igneous rocks, 
and arrangi's them in a ])rogressive order, 
according to the proportion of silica wliic.h they 
contain, fiom the most acid to the most basic. 



26. MICA (Mt;.sroviTj?) 

I'rom Madras 

[Sec the course on (hiEMisTRV for explanation 
of these terras.] There are ten familie.s of the 
igneous rocks, which Sir Archibald (leikie divides 
as follows. 
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Granite Family. This is by far the most 
important family of igni'ons rocks. The granites 
and their allies compose a very large proportion 
of the (‘arth's erusl, and everybody is familiar 
with the vast rock-masses and imposing cliffs of 
granite wliicdi play so large a part in the har- 
monies of ih(' terrestrial landscape ^and in the 
operations of human arehiteetiire. They are 
chiefly plntonie in origin. 

(Granite eonsisfs typically of the three 
minerals, quartz, felspar, and mica, which form a 
thoroughly crystalline aggregate. 'Fliere are 
very niinKTous kinds of granite, wliich vary (a) 
in the size of tlie crystals, sometimes so coars(‘ 
as to he several inclu's in diametcu', sometimes so 
fine that the naked eye cannot distinguisli the 
crystals of the vai’ioiis min('rals from one 
another ; (/>) in the chemical ((unpositioii of the. 
felspar and mica fse(‘ section on Minerals]; 
(r) in the presc'ne.e of other minerals in addition 
to the (juartz and felspar which are essential to 
the constitution of a granite. For a mon‘ detailed 
account of these varieti(‘s 
the student must ndcr 
to Oeikie — f)r to Teall's 
“ British Petrography.’' 

He will 1)0 well aclvised 
als^ to study all the. 
specimens of granit(* in 
any aecessihk^ gc'ological 
museum, from uhich he 
will learn how .a single 
rock may present itself in 
innumtTabie and (‘xeeed- 
ingly varied forms, which, 
nevertheless, can all hii 
ref(‘rred to a single family. 

They are the most- acid - 
contain the most silica - 
of igneous rocks. 124-26| 

(Ira nite - roucHYUv is 
a tine-grained granitoid 
rock, which consists of a 
very tine crystalline ma- 
trix of quartz and felspar, 
looking almost hornogemrous to the I’ye, through 
wliieh an' scattered lai’ge crystals of felspar. 

(Jir.ARTZ-noRruYRY is a lock eon.‘-isting of a 
close-grained matrix (grey, brown, or ])ink) of 
(juartz and felspar, thro\igh which are disjiosed 
distinct <‘rystals of quartz. These porphyries - a 
term n'served for rocks o()nsi.sting (M finely 
crystalline and apparently homogeneous ground- 
nia8.ses, through whicli larger crystals an^ scat- 
tered — supply SOUK' of the most ornamental of 
our f)uilding stones. They are often confused 
in popular language with the marbles. 

Rhyolite Family. The rhifoUtes are main! v 
of volcanin origin. Their name signilies this, 
being derived from the Greek Avord “to flow.’* 
They are distinguished from one another by 
variations in textiin', (lei>ending on the coil- 
ditions in wdiich they cooled from the great lava 
outbursts of the early world. 

Rhyolite is a typically acid lava, witli a high 
percentage of .silica (77 oi’ more). 1 1 varies mucli 
in structure and texture. Some variations con- 
sist of a crystalline aggregate of quartz and 
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felspar which might be mistaken for granite ; hut 
the more common form is that of a finely (Crystal- 
line ground-mass of quartz and hdspar, in which 
ocea.sional larger crystals of these minerals are 
scattered. 

Obsidian, or volcanic glass, is a glassy form of 
rhyolite which strongly resembles bottle-glass, 
and, like it, breaks with a eonehoidal fracture. 
It is usually black, brown, or green. About 
75 per ei'nt. of its composition is silica, with 
about IS per ec'nt, of alumina and trace's of other 
oxides. Its glassy structure is due to its having 
.solidified so rapiilly that th('re was no time for 
crystals to form. 

Ib/MicE is a rhyolite Avhieh has cooled 
whilst .so full of escaping gases that it has 
dev(*loped a spongy, c'('llular texture, like 
ivitrified froth. It is a chara.etc'iistie volcanic 
product. 

Fklsitk is a rhyolite A\hieli was originally 
glassy, but has been devitritied by the })roeess 
of time until it has dcvi'loped a characteristic 
struct iir(', Avbich often 
causes it to bo confused 
with conglomerate. 

PiT('iis TON E repre.sents 
a- still further stage of 
(levitrilieation. and has a 
resinous oi* pitch - like 
lustre, whenc(' its name, 
fl is a vok'aiiic glass, con- 
laining tiny crystals of 
(juartz, felspar, horn • 
blende, etc. 

Syenite Family. 

Syenite^ the rook of Syene, 
is a holocrystalline mix- 
ture of h'lspar and horn- 
blende, with which mica, 
a-ugite, magnetite, and 
(juartz a-r(‘Som('timey asso- 
ciated. A typical syeniti? 
is a coar.se -grained mix- 
ture of tl('sh - coloured 
ort hoc la.se felspar and 
black hornblende. There an^ many varietio.s 
of syenite, Avhich ar(5 chiefly found as voleani(' 
or intrusive sheets and dyko.s. Though loss 
abundant than the granites, they play an 
important part in tlie formation of r()ck-mas.8es. 

£laeolite»Syenite Family. These are 
also intrusive n)(d<s of voleanie origin, wdiich 
are charaeten.sed by the association of the 
variety of nepheline known as ela('olit-e with 
orthoclase felspar. No quartz is to be found in 
them, since they do not contain enough silica 
to crystallise out in thi.s form. 

Diorite Family. These rocks possess 
a granitic structure, but contain less silica 
and seldom any free quartz, whilst they differ 
from the syenites in containing felspar as plagio- 
clasc instead of orthoclase — soda-lime felspar 
instead of potash felspar. From their typical 
colour they were formerly known as “ green- 
stones ” — a term wdiich has no scientific founda- 
tion, though it is still often used for convenience 
in a hasty classification of rocks in the li(dd. 

Diorite is a holocrystalline mixture of plagib- 
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clovse and hornblende, with trace's of other 
minerals, sucli as mica and magnetite. It con- 
tains about 50 pen' ennit. of silie*a. 

Trachyte Family. The^ are vol- 
canic rocks whoso name signifies that they 
pre.'sent a roughimss to the finge'r. Tlicir f'sscntial 
constituent is sanidine, a glassy variety of ortho- 
clase felspar. Trachyte is a lava of tertiary and 
j)ost-tertiary times, which is found in most of the* 
old vedcanic regions of Europe. Special varie- 
ties arc phonolite, or rlinkskwe, which gives out 
a characteristic ringing sound when it is struck 
with a hammer, and trachyte ylass, a variety of 
volcanic glass which is loss acid than obsidian. 

Andesite Family. — originally 

fejund in the Aneles — arc mor»' basic than 
the trachytes, from whie'h they are also dis- 
tingiiishcel by having 
plagioclase as their felspar. 

They usually have a com- 
pact ground-mass, in which 
prisms of b'lspar arc scat- 
tered. They contain about 
60 per cent, of silica. 

Gabbro, Dolerite, 
and Basalt Family. 

This is an interesting sci'ics 
of igneous rocks, chara^'- 
terised by their small })(*r- 
centage of silica.. At the 
one (‘xtrcinc come rocks 
with a holocrystallinc struc- 
ture like the gabhros, pass- 
ing into others of a hemi- 
crystalline charact cr 
(dolerites) wlw'n', amid 
aVmndant crystals, crystal- 
lites, and microlites, then^ 
are still traces of Hie original 
glass, and then graduating 
into types where the texture is still closer, with 
more abundant ground-mass and often a more 
basic composition (basalts), until at the other end 
come true basic volcanic glasses, which extern- 
ally might be mistaken for the pitchstones and 
obsidians of the acid rocks. The more coarsely 
crystalline (holocrystallinc) varieties are almost 
always intrusive iii bosses, sills, or dykes. Those 
of closer texture are often found as superficial 
lavas as well as in intrusive forms ” (Gcikic). 
After the granites, this is probably the most 
important and numerous group of igneous rocks. 
We can only find space for a few notes on the 
leading types. 

Gabbro is a coarsely crystalline rock com- 
posed of plagioclase (soda-lime felspar), with 
pyroxene, olivine, and magnetite. The silica is 


about 50 ]H‘r C(‘nt. The striieture is usually 
similar to that of granite or granitoid. 

Dolkuiti': is usually holocrystallinc, an<l con- 
sists of plagi(K'lasc, with a ferro-magnesian 
mineral (augite or olivine) and luagrH'tite. 
Silica about 50 per l ent. 

Basalt is a black, very (‘ompa(*t, apparently 
homogent'ous rock, with a con(;boidal or glassy 
fracture, in which tlu' constituent mincTals can 
only be observed with the microscope, which 
reveals a minute crystallim' structure. Basalts 
consist of plagioclase, pyroxene, olivine, and 

magnetite, and contain from 33 to 50 per cent, 
of silica. The basalts, of which there are 

numerous varietuis, are tyj)ieal products of 

volcanic activity. Some occur as the remains 
of superticial outbursts, hut more commonly 
Ihey aio intrusive, and 
appear in great dykes and 
hoss(‘s wliieli have been 
thrust up to the surface of 
the earth fiom the heated 
regions of the inferior crust. 
Basalt oft(‘n passes into 
the conilition of volcanic 
glass when it has cooled 
very (piickly. [27, 28] 
Limburgite Family. 
These are volcanic rooks of 
highly basic composition, 
in wiiich felspar is wholly 
absent. Lind)i(,rgite is a 
lino - grained to vitreous 
rock, composed of augite, 
olivintN magnetite, and apa- 
tite, Silica about 42 per 
cent. Augite consists of 
augite and magnetite in a 
glassy matrix. 

Peridotite Family. 
These rocks arc the most basic and contain th(‘ 
least silica, averaging about 40 per cent., of all 
igneous rocks. Tlu'ii chi('f constituent is olivine, 
witli augit(% hornblende or mica, and magnetite. 
They are holoerystalline when fresh, but are 
usually found in alti*red states. They are mainly 
intrusive forms of volcanic rocks. 

8euprivtine, as a rock, is a massive form of the 
mineral serpentine, which is a product of the 
alteration of peridotites containing olivine. It is 
a compact or tinely granular rock of a charac- 
teristic dirty green colour, streaked with brown 
or red, like the scales of a serpiuit. whence its 
name. It is a hydrous magnesian silicate, which 
is formed by the action of superficial agents^ 
from the olivine originally intruded by volcanic 
action. 



28, BASALTIC COLUMNS 
Showing sides of prisms and jointing 


Continued 


1009 


Group 8 


DRAWING 

OBJECT DRAWING, & PRACTICAL GEOMETRY 

7 

A Lesson on the Ring or Wheel. Circles Touching Lines 

ContlntiwJ tnnu 
IMiife 7W 

and Circles. Foiled Figures of Semicircular and Tangential Arcs 


By WILLIAM R. COPE 


The Ring, Our model for tliia lesson is 
tV\e ring, wlueii well illustrates two impor- 
tai.t principles to l)e observed — viz. : 

1. That although the rim of an object, such 
as that of a cup, v'ase, wheel, etc., may be llie 
same thieknoHs all round, yet it will not neces- 
sarily appear so, 

2/ How the wheels of vehicles, machinery, 
etc., should be drawn, as regards not merely 
the apparently varying thickness, but the 
apparent direction of their major*axes. 

Horizontal Positions of the Ring. 

Figures 241 and 242 indicate how the con- 
struction should be made when llu^ ring is 
lying m a liorizontal plane. The first difficulty 
is with regard to the direction of the major axis, 
and when determining this the student should 
not be misled by th(5 apparent direction of the 
edges of surrounding objects, such as the edges 
of, say, a board, box, table, etc. Whatever 
the apparent direction of the tatter map be, the 
major axis of the ring or wheel will always appear 
horizontal when the rimj is lyiny in a horizoidal 
plane. Tins should be verified by the student 
by placing the ring on a ffat table or hoard, so 
that the edges of the latter an* receding from 
him in various directions, as in 247 and 248. 
Therefore, commence the construction by 
drawing a horizontal line AH for the major 
axis of the top ouUt ellipse, carefully observing 
how high or how low it should be with regard to 
neighbouring objects. 

When the length oi AH has been fixed, bisect 
the axis in the point ( and through ( ' draw t he 
minor axis DK at right angles to A H. Then find 
out the apparent length of this minor axis com- 
pared with A IS, and through the four points A , H, 
Dj and E draw the curve of the ellipse, which 
represents the outer top edge of t he ring. Now we 
come to tho most important principle to be ob- 
served concerning this and similar objects, and 
that is, aUhoiufh the. top inner edge is really parallel 
with the outer edge, it does not appear so. «y 
careful observation of the model it will be seen 
^that the ring appears considerably wider at 
AF and JB towards the ends of the major, axis 
than it does at i?(?and D//, the imds of the minor 
axis. The student should now make further 
experiments with cups, vases, jars, etc., and he 
will find that there is generally an apparently 
wider thickness at the ends of the major axis 
than at the ends of tho minor axis. More 
illustrations bearing on this point will be given 
later when dealing with vases of various shapes. 
Thus it will be seen how^ important it is to 
determine the apparent thickness at AF, JB, 
EO, and HD very accurately. It should be 
not^ that tho major axis ot the inner ellipse 
does not quite coincide with that of the outer 
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c‘llipse, but is very slightly above. The further 
top thickness, DU, is also ap])arenlly slightly 
less than the neart^r top thickness K(t. Then 
draw the inner ellipse through the four points 
E, O, J, and II. Now find out (he apparent 
U])right thickness EK, which is practically about 
the same as AF or ,1 B but theoretically a little 
larger, because KK is slightly nearer than 
AF or J H, but the difference is scarcely appre- 
ciable, qnless the ring is very large. The lower 
outside edge, it must lie n riK'mbered, is part of 
anofh<‘r ellipse verlieally iirid(?r fhe toji oiif(*r 
one, which was draAvn first. In 241 and 242 f lw' 
eonstruetion sliows 1})(^ invisibh* jiortion by 
dotted lines. There is yet another curve, the 
lower and inriiT (‘dge, which is but little seen in 
241, but b(‘tt«'rin 24'2. This eiirve is iilso partof 
an ellifKic, as shown in 241 and 242, which will 
explain bettiT than words what the curve 
ap])ears like, and its r(‘latiun with the upper 
and imuT ellijise. 

Oblique Positions of the Ring. 

Figure's 243 and 245 are ri'pri'si'ntalions of the 
ring in a leaning or slanting position. When 
beginners attem])t to draw siieli vii'ws they 
generally make a vc'iy bad mist/ike about the 
direction of the major axis AH, because they do 
not use their I'yes propi'rly, and do not know 
the very good guidi', that if the pencil is held 
so tliat it ajiparently passes through the two 
points (- and /> - the apparent intersections 
of the uftper and lower inner edges— th(' major 
axis apju'ars to la* in the same direction, but not 
exactly in the sariK' /ntsition, for tlu; major axis 
is practically midway b(*tween the ])oint K on 
lh(' further side, and F on the nearer part of the 
outer edge. The above guide hdds good when 
the ring is in any f Position whatever [sec 241 to 
245]. .Uter the direction, position, and length of 
the major axis are determined, tho construction 
is the same in nu'thod as in 241 and 242. The 
student should remember and see tluit the major 
and minor axes arv always at right angles to each 
other. 

Vertical Position of the Ring, 

Figure 244 is an interesting and important view, 
supposing the ring to be below the eye-level, 
and standing in a vertical plane, as the wheels 
of a cart or carriage might be. Here, again, 
beginners inake errors, because they think the 
major axis must bo upright since the ring is 
upright, hut it is not necessarily so ; in fact, 
the axis can only appear vertical when the centre 
of the ring is exactly on a level with tho eye. 
The above statement should be compared with 
what was explained about the cylinder in the 
position shown in 148, and the student will find 
that the law is really the same, for the ring may 
be considered as a hollow cylinder with its 
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axis receding to tlie riglit in 244 in the direction 
DC ; therefore, the major axis AB must he 
drawn at right angles to DC — the axis of the 
object. 

Application of Above Principles. 

See how the foregoing principle is applied in the 
drawing of the clock in 246, where an imaginary 
line through I. and VII. for the major axis of 
the dial is at right angles to ^4 H, the axis of the 
clock, although the face is really in a vertical 
plane. The clock is assumed to bo above the 
eye-level. 

Again, in 249 the major axes of the two wheels 
ar(^ both at right aAgles to the axle of the cart. 
Thus, the longest direction of the wheels is 
apparently slanting, and yet tho wheels are 
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upright in reality. Fur- 
ther attention should be 
given to tho Avidth of tho 
rim of tho front of the 
(4ock in 246 ; the hat 
i)rini in 247 ; the rim of 
the plate in 248 ; and 
the Avidths AB and CD 
(at the ends of the major 
axes) of the rim of th(j 
wheels in 249, which are 
wider than Eb' and GU 
at the ends of the minor 
ax(‘s. 

Rules and the Per* 
ceptive Faculties. It 

is neet'ssary that students 
should not merely draw 
hy rule, but they should 
endeavour to so train 
their perceptive faculties 
that, after a time, they 
may be able to see intui- 
tively, nay, almost with- 
out elfori, the varying 
cluuiges in the ajjpear- 
anoe of an object. Rules, 
if eorreetly remembered, 
will give much guidance 
Avitli regard to hoio to 
srf\ There are, unfor- 
tunately, many students 
who retain only a vague 
notion, or even, perhaps, 
a distortion or transfor- 
mation, of some ru](^ 
which has been explained 
to tht‘m, and then, of 
course, the rules are 
worsen than useless. 
Thendore, try to re - 
member rules correctly, 
and, as well, do all you 
can, by practising draw- 
ing, to improve the hand 
in skill and the eye in 
seeing aright. 

PRACTICAL 

GEOMETRY 
Circles Touching 
Lines ard Circles. 

The problems in this part 
depend for their solution upon the following 
truths in Euclid : 

i. If a straight line be a tangent to a circle, 
and from the point of contact a line be"drawn 
perpendicular to the tangent, the centre of the 
circle shall be in that lino (Euc. III. 19). 

ii. If one circle touch another internally in 
any point, the straight line which joins their 
centres being produced shall pass through the 
point of contact (Euc. III. 11). 

iii. If two circles touch each other externally 
in any point, the straight line which joins their 
centres shall pass through that point of con- 
tact (Euc. III. 12). 

250. To Inscribe a Circle in a Given 
Triangle ABC. Bisect any two angles ABC 
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and BCA by lines intersecting at 1). From P 
draw DE perpendicular to (‘it her of the sides of 
the triangle, then DE is tlu^ radius and 1) the 
etmtre of the re(iuircd cireh*. 

261. In^ a Given F(iuiLAiEKAL TurANCJLE 
ABC, 70 Tnscrthe Tjiree Fqual (’ircles. 
Each lo Touch One 8ide and Two ('mu les. 
}hs(;ct the angles by lines which also bis(‘ot the 
sidcis in /), and F, and intersect at O, In- 
scribe a circle in the triangle GBP (Prob, 217). 
Mark off GJ and GK, each eciual to G77, then 
J and K are the centres of the other circles. 

252. In A Given Sc^UARE ABGD, to iNstiuRE 
Four Equal Circles, Each to Totu h One 
Side and Two Circles. Draw tlu* diagonals 
and th(} dianu^ters inter- 
secting at E. Inscribe 
a circle in the triangle 
EBC (Prob. 217). With 
centre E and radius EE 
mark olT EG, Elf. E.I. 
each equal to EF. then G. 

II. and ./ are the centres 
of the other circles. 

263. In any Given 

PE(MrLAR P()I.Y(?ON (SAY 

ABODE F). TO Inscrtre 
AS many Equal Circles 
as iheFioure has Sides, 

Each Circle Touciiinc; 

One Side and Two 
(■ - 1 R c L E s. D i vide the 
figure into equal tri- 
angles and inscribe a 
circle in each, as shewn. 

264. To Inscribe a 
Circle in a Given 
Square A BCD, Draw 
the diagonals and dia- 
meters to find the centre 
E, and with radius EF 
describe the circle. 

255. WiiHiN A Given 
Scjuare ABCD, 10 In- 
scribe Four E q u a l 
Circles, Each Touchino 
Two Sides and Two 
Circles. Draw diagonals 
and diameters as before. 

Join F\ G. H, and K. 

The intersections L, M, 

N, Oy with the diagonals, 
are the centres of the 
ciicl(".s. Join L and 31, 
then LP or MF is the 
radius required. 

256. To Inscribe a 
Circle in any Regular 
Polygon. Bisect any tw o 
angles ABC and BCD, 
then E is the centre, and 
a perpendicular (say EF) 
from E to either of the 
sides is the radius. - 

257. To Inscribe a 
Circle in a CUven 
Rhombus A BCD, Draw 
the diagonals to find the 


C(‘ntre E. and a perpendicular (sny EF). from 
E to (‘it her of the si(l(‘s is the ladius. 

258. To Inscribe a Cmu le in a Ci\ k\ 
Trapezium A BCD. Dra^v tla* diagoual A(\ 
and bis(‘ct one of tJie (»th(‘r angli's. t}i(‘ii F is 
the centre, and tlu' radius is a ptT'pcndicular 
lo either of tlm side's. 

259. Wit h in a C tv e v Eq ui l vt e k a l 'I’hi a n ( rL e 
^1/^6’, TO Insc'ribe Tiijiee Eqi ai. ('mU’LES, 
Each ToucniNej Two Sides and 'Two Circles. 
Bisi'ct each of the anglt'S hv the liiu's AE. BI). 
and f ’F, thus obtaining three cipial trape/iunis, 
in (‘ach of which iiiscrihe a eireh' as iu 258. 

260. To Inscribe a ('mut.k in a (Jiven 
Sec'Ior a B( '. Rist et t h(‘ angle by A P. Through 
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D draw a tangent DE to meet either AB or AC 
produced in E. Bisect the angle AED by the 
line EF inUTsccting AD at which is the 
centre, and FD th(‘ radius of tiic required circle. 

261. To 1)p:.scrihk a C'irci.k to Tot’ch 'ihe 
Ako of a Se( t ok a n m h e T vv o R ai>1£ Proiutced. 
Bisect the angle hy BD interscicting the arc at 
E. Through E draw the tangent EF. Bisc'ct 
the angle EFO hy tlu* line FIl int(‘rsccting BD 
in //, whicli is the centre, and HE tlie radius 
of the circle. 

262. To Inscribe Any Number of (Circles 
IN A Given (huci.E. Divide the circle into 
twice as many sectors as circles rcfjuircd, and 
inscribe a circh^ in each st'ctor (Proh. 260). The 
centres are found as shown by the dotted circle*. 

263. To Describe Any Number (say" Four) 
OF EgiTAL ('iRC’Li^s About a Given Circle. 
Divide the circle as in 262 and produce the 
diameters. At the point A draw’ a tangent B( \ 
Then proceed as in 261. Tiie other centres arc 
found as shown by the dotted circle. 

264. To Df:srRiBE a Circle of a (dvEN 
Radius AB lo Toiu ii a Given (hucLE C and 
A Given Line DE. Draw’ FG parallel to DE 
at a distance equal to AB fnuu it. With 
centre (J and radius e({ual to the sum of the 
radius of circle C\ plus AB, dc'seribe an arc* 
cutting FO in H, Avhich is the centre rc'cjuired. 

265. To Describe a (‘irc le of a (dvEN 

Radius, Touchinc 'Pwo Given Circles Ex- 
TERNALTA". Let AB bc tlic given radius. Find 
the centres C and D of the given circles, draw 
radii CE and DF and produce them. Set oif 
EG, FfJ (*qual to A B. With centre ( ' and radius 
CO describe an arc. With centre D and radius 
DH, intersect in K. With centre K and radius 
AB describe the circle. If the arcs were con- 
tinued the centre for anoth(‘r circle would la* 
obtained. ^ 

266. To r)ES(’RiuE A Circle to Toiu n a 
Given Circle A in a Given Point B, and to 
Pass Tiiuouoii a Given Point t\ Either 
WriHiN OR Wnnou'i ime Circle. Join B and 
C. Bisect BC by a perpendicular DPJ. Join 
B and A and produce BA to nu'ct DE in E, 
w’hich is the centre, and BE tJic radius of tJie 
circle reuuircd. 

267. To Describe a Circle to Touch a 
Given Circ le at a (»iven Point A, and a 
S iRAioin Link BC. First exUmalhf : Find D, 
the centre of the givc'ii circle, and draw DE 
through A . At A draw the tangent ^1 F meeting 
fiC in F. With F as centre and FA as radius 
describe an arc cutting BC in G. At G erect a 
perpendicular to BC intersecting DE in E, which 
is the centre. Second, indiuiimj the given circle : 
Draw the radius AD and produce it beyond D. 
Draw the tangent AF meeting BC in F. Make 
FO equal to FA. At G erect a perpendicular to 
BC meeting A E in E, which is the centre, and 
EO the radius. 

268. To Describe a Circle lo Touch a 
Given Circle and a Siraighi Line AB ai a 
Point C. First externally : Find D, the centre 
of the given circle, a^id draw D^4 perpendicular 
to A B, and produce it to E. Join EC. Through 
F (where EC cuts the given circle) draw DO 
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intersecting a perpendicular from C m O. O ie 
the centre and GC the radius of required circle. 
Second, including the circle : Find Jhe centre D, 
and draw the perpendiculars AD and CG as 
before. Through E (the intersection of AD 
with the circumference of the given circle) draw 
CF cutting the circle in F. Through F and D 
draw’ FG intersecting CG in G, wJiich is the 
centre, and G(J the radius of required circle. 

269. To Describe a Circle of a Given 
Hadiu.s AB, lo Touch Two Given Gikcles, and 
Include Them. Join the centres of the circles 
and produce the line both ways. Mark off FE 
and GH equal to gi v(‘n radius A B. With eentres 
C and D and radii (HI and DE respectively, 
describe arcs intersecting at K, which is the 
centre of circle required. 

270. To Describe a Circt.e to Touch Two 
Given Ciihm.ks A and B, and One of Them in 
A Given Poin i C. Join A, the centre, with C 
and j)roduee. Make (Jl) equal to the radius of 
the otJier (urelc B. Join B and D and bisect BD 
by a p(T])cndieular intersecting CA produced in 
E, which is the c(‘ntrc, and EC the radius of 
the required circle. 

271. To Desi^rihe Three Gircles to Toucui 
Each Oihku, 'iheiu Kadii A, B, and C being 
(^ i\"EN. Draw any lim* DE, and sot oif on it 
DF ami /Y/ equal to A and B respeedively. WitJi 
D as etmtre and DF as radius deserilKs one 
circle. With G as eentre and GF as radius 
describe a second ciri’le. Mark off FIl and FJ 
each eijual to G. With centre I) and radius DJ 
describe an are. With centre G and radius Gll 
d(‘scribc another are intiTsocting the former in K, 
the centn* of tlu* third circle, whose radius is C. 

272. To Describe a Circle which shall 
Pass Through Two Given Poin’is A and B, 
and Tori'll A Given (Yrclk FG(\ Describe 
any circle passing through ^1 and B, and cutting 
the circle FGC- in (- and D. Through and 1) 
draw CE to meet AB produced in E. From E 
draw a tangent EF to the circle FGC. Then F 
is the point \vh(‘r(*lhc described circle will touch 
the given circle. Describe a circle to pass 
through the ]>oints .4, B, and F [sec 200]. 

Foiled Figures. The following problems 
relating to foiled figures are exceedingly useful 
in geometrical design for window tracery and 
other ornamental forms. It should be observed 
that in 274-282 the foiled iigures arc formed of 
scmichrvlar arcs, but in 283 of tangential arcs. 

273. To Inscribe a Semicircle in an 
Isosi’ELKS TRiANiiLE ABC. Bisoct the angle 
BAC by AD. Bisect the angle ABB by DE 
cutting A B in E. Tlirough E draw EF parallel 
to BC. Upon EF describe a semicircle. 

274. To Inscribe, in an Equilateral Tri- 
angle ABC, Three Equal Semicircles, Each 
Touching One Side and having their Dia- 
MEiERS Ad.)a(3ENT. Bisect each angle of the 
triangle by the lines AF, BD, and CE. Bisect 
the angle AFB by the line FO cutting BD in O, 
Tlirough G draw 011 and OJ, parallel to BC and 
iiA respectively. Join //J. On the lin^s f/G, 
OJ, and JH describe semicircles as shown. 

275. In a Square ABCD, to Inscribe Four 
Equal Semicircles having their Diameters 
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Adjaceni, Each lo Touch One Side of the 
Square. Draw the diagonals and diameters. 
Bisect the angle EFB by ¥0, and obtain the 
inner square GHJK. Upon each side of this 
square constru(;t a scmiicirck'. 

276. Wi'iHiN A Ke(}ular Poly(!on, say a 
Hexa<40n, lo Inscrihe as Many Semk ircj.ks 
AS THE Fiuitre HAS SiDKs, Each Touctiino 
One Side and havino 'iheir Diameters Ad- 
,} ACCENT. Divide tlio polygon into e(|ual triangles 
and inscribe a acuukurchi in each as shown. 

277. To Inscribe any Ni;mber of Equal 
Semicircles in a ('ircle, Eacmi to Touch the 
Circumference, and have their Diameters 
A DJACENT . Divide the circle into twice as many 
equal parts as seiiiicirclt s required. Draw the 
diameters, and at the end of oni* of I Ik in (say at 
.4) draAV a tangent. Bisect the angle BAC bv 
AIK and obtain B¥, B¥, B(K and Bl/, each 
equal to BD. Draw the ])cn(agon DEFGJI. 
and describe a semicircle on ('aeh side. 

278. To Inscribe a Semicircle in a (Jjven 
Square AKBK. Draw the diagonals AB and 
KF. Descrila^ a si iniemde tn AB. Draw 
Cl) perpendicular to AK and cutting the 
semicireU' in />. .loin I)PJ. and through the 
intersection A" draw FG parallel to f)C. G is tin* 
centre and GP' the radius of the reejuired semi- 
eirele. 

279. To iNscTiiBE A Semicircle in a Diven 
Trapezium AFBK. Draw the diagonals. Dn 


the shorter, AB, describe a semicircle. From C 
draw CD })prpendicular to BK and cutting the 
semicircle in D. Join DPJ, and proceed as in last 
probh!m. 

280. In a (livEN Square A BCD . to Inscribe 
Four Equal Semicircles, Each to Touch 
'Pwo Sides, and have their Diameters Adja- 
cent. Draw th(‘> diagonals and diameters as 
shown. Tn eacli small s{[uare, as BEPXK inscribe 
a semicircle as in 278. 

281. In a Given Kquilatekal Trianole 
ABC, TO Jnsi rihk Three Kqual Semictikjle.s 
havinc. their Diameters Adjacent, and Each 
Touchino Two Sides of the Trianole. Bisect 
each angle of tlie triangle by lini'S ndncdi divide' 
th(5 triangle* into three (‘ejual trapeziums. In one 
trapezium (say ADFF) inscribe a semicircle as 
in 279. Make F'J e*e|ual to FH. Join HJ and 
GJ. Upon HJ and GJ deserihe semicircles. 

282. In any Keoular JkiLvooN (say a Pen- 
1AOON ABCDE), to Inscribe a Number of 
Equal Semktiu les, each to TeuTcn Two Sides 
e>F the PoLYe?e)N, AND HAVE 'IHEIIl DiAMElERH 
Adjacent. Draw the liiu's bisecting the angle's 
and giving five equal trape'ziiims. In each tra- 
pezium inscribe a semicircles as in 279. 

283. To Describe a THEFe)iL of Tanoential 

Arcs, t he Radi us A B beino Given. (Construct 
an e'cjuilatcral triangle* with side's each 

double of AB. With ea(*h angle as centre and 
AB as radius de'seribe the arcs. 


Contin ual 
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Group 11 

_ CIVIL MARINE or HYDROGRAPHICAL SURVEYING 

ENGINEERING 

7 Explanation of the Sextant. Artificial Horizon and the Station 

l(riivh\ iNc; Pointer. Observations of the Tides and the Use of Floats 

contliiuvil from jKivc ‘<f)4 ► . 


By Professor HENRY ROBINSON 


IT is not proposed in this article to rider to are 
deep-sea soundings and other special works takii 

of an allied nature, hut to coniine the subject dV 

to that which eonu's within the pr()vinc(‘ of the 

a civil engiiKHT. clear 

Home of the instruments that have already bein| 
been descrribed in Sutivkyino are Unci 

also used in marine surveying. Then* are, tion 

however, several instruments which will be the .‘■ 

explainiid before proceeding with the “ lii'ld ” adjii! 

operations. so tl 

The Sextant. This 
hand- instrument [63] is 
very useful for measuring 

construction is as follows : ^ 

glass^ is fixed to an index ^ 

arm (T), which carries a 1 

vernier that reads on the 

observed angles are ob- 
taincd. Any movement of 

mirror (B), called the hori- 

rigidly fixed, the lower half 
of the glass being silvered 

and the upper clear, llius, 83. sextant 

a ray of light coining from 
the direction of N 164] passes through the 
clear portion of the glass B, down the 

telescope, to the eye. A ray from the 

direction of an object at O strikes the mirror 
A, is reflected to M, and then, through the 
telescope, to the eye. Therefore, through the 
telescope comi* rays both from tlie direction of 
N and O, each set forming a perfect image. 

By operating the index glass (A), images will Befoi 
appear to be moving over each other until the q it 

two under observation appear and approx i- \ ca 

mately coincide. The index arm is then 
clamped by a /\\ 

screw, the b/\\ 

tangent screw' ff 

R being used ^ t, 

for the final 

adjustment of ^|ppSSfciifiTnT'^|:j 
the objects 'TI ^ (pr h 

until their 65. artificial 64. arrangement of 
coincidence is horizon mirrors in sextant 

perfect. 

The angle between the two objects can now on la 
be read. A small magnifying glass (M) is provided necesj 
to assist the observer in reading the vernier. horizc 
Smoked or tinted glasses (S) of various shades cury 
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are provided for use in strong light, or when 
taking obs(‘r various to the sun. 

'Po det(‘rmine the altitude of the sun, direct 
the telescope on to the liorizon througli the 
clear portion of the glass B, the instrument 
being held in tlu* right hand by the handle (D). 
Unelamp the index arm (1) and bring the reflec- 
tion (made by the mirror A) of the sun on to 
the silvered ])ortion of the glass B. Clamp and 
adjust the iud(‘.x arm, as previously explained, 
so that the top limb of the sun coincides witli 
thelim^of the horizon, then 
Mn rea d off the val ue of the angle 

in th(^ usual manner. 

ijm The Sextant at Sea. 

Sy|F When measuring the altitude 

of an object abovc^ the “.sen- 
sible” horizon with the 
3 sextant at sea, a correction 

■ must be nuule to allow' for 

I Jf ^ tb(‘ dip ” of the horizon 

— Lf’., ils apparent angular 
W d(*pre«sion b(‘low a truly 

M horizontal lino traversing 

W| t t*ye of the observer. 

M amount of this cor- 

roction is uncertain owing 
to the variable rofrac- 

tivo power of the at- 
mosphere. Rankinc gives 

a formula for finding 

tant the value of the correc- 

tion ; 

Dip in Seconds /„ x 206264"-8 /?* 

- V »■ 

— r>7"‘4-v/ h in feet. 

When h height of observer’s eye above the 
sea 

r-= radius of curvature of the surface 
of sea. 

Before leaving the description of the sextant 
it will be necessary to explain an instrument 
called the “ artificial ” horizon, which is 
u commonly used with the sextant. 

N / Artificial 

'r ^ Horixon. The 

angles observed 

i M\ u 

c ^ tant at sea are 

measured from 
the sensible 

EMENT OF 66. ANGLE.S OF horizon, which, 
.sextant reflection however, is not 

^ always possible 


66. ANGLE.S OF 

reflection 


on land, therefore an “ artificial horizon ” is 
necessary. The most suitable form of artificial 
horizon is that consisting of a tray of mer- 
cury having a glass cover or roof. The 
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illustration [66] shows one made by Mr. J. H. 
Steward. The angle observed with the artificial 
horizon is double the actual angle. 

The theory of the instrument is des(‘ribed 
by Mr. W^. F. Stanley in his book on “ Sur- 
veying Instruments,” and is bridly as 
follows. 

A .small luminou.s body [66, M'], ]daeed at 
a distance will have its imagi* rcfksitcid 
from a level reflecting surface (SS'], at an 
angle equal and opposite to th(‘ 
incident ray, the angles M'AS 
and EAS' being equal. Let E be 
th(‘ place of the eye or the 
se.vtant. This vill receive* an 
image from tlu^ distant body ]\F, 
sensibly parallel with M'A in 
MP]. The angle MPL\ will tlu'n*- 
fore be double the angle of 
incidence M'AS ; the half angle 
produces the horizontal line PZH 
(provided the j)lan(' of rell(*etion 
8S' is level). 'Jherofore, if we 
take half this angle ME A, as if 
appears in the s(*.Ktant, it will 
give an anguhir position of the 
object in relation to tlic horizon at the height 
of the eye, or be tangential to the surface of 
the earth. If M'AS be .‘10 , the angle AEM 
will bo GO”, showing tlie elevation of the 
object to bo half this angle — that 
is, 30”. The sextant takes angles 
up to 120”, therefore GO’ will be 
the limit of meridian altitude that 
the artificial horizon will measure. ^ ^ — — 

Tides. It is necessary for the - 
purposes of some marine surveys to 
take careful observations as to the 
set of the tides. It will be im- 
possible in this course to deal ex- 
haustively with all the peculiarities 
of tides, but a few brief observa- 
tions are necessary in order that 
some general information may lx*, 
conveycxl. Complete records of tlie 
tides in any particular locality would 
involve months uf careful observa- 
tion on ac(!Ount of the variations 
that take place at different times 
of the year. In one place the normal 
number of tides per day of six to 
seven hours for each rise or fall will 
often differ from another place Avhicli 
will have tides of longer' or shorter 
duration. The reason of the varieties 
in the motion of tides is due to 
several causes, the height of the 
barometer being one. It is found 
that a high barometer aceoinpanie.s 
a low tide and a high tide syn- 
chronises with a low barometer. 

Tlie relative positions of the sun 
an^ moon, the airection of the wind 
and the conformation of the land.^*. 
affects the tides ; it is the two last 
that produce the greatest irregularities. 'J'he 
method employed for gauging the ri.se and fall 
of tides, when no pier, wharf, etc., are available, 
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is by erecting a thh^poU'. 'J'ho.se ]K)les ai'e 
generally const rueh‘d t)ul of an old spar, propc'rly 
marked in and firmly weighted and fixed 
in tJie .sea-lu'd in the most sladtt'red plaee 
possible. To obtain tlu*. aeeiirate time 
of higli and low watiu’, obsiTv.atioris 
must, he taken ev(‘ry U'W miniitt's, some 
little wliih* before and af((‘i' liigli and low 
waiter, tlu^ exact tiim* b(‘ing cjilcidated 
from the results thus obtained. 

Tb(' dir(‘e(ioii of tin* tidi* ?nuHt 
b(^ obtained by float observations, 
as explained i;il(‘r. 

It must not b(* assumed that 
beeaust^ it .*i})p(*ars to the eye that 
the tide is llowing in a (Trtain 
direction that such is tin* case, 
lake for (‘xample a tidal river. 
'Flu* land water being of a dif- 
i‘i*(‘nt specific; gravity, and warmer 
than that, of the sea-water, will 
Gow' ov(‘r the ineorning tide, thus 
producing two distinct currents 
in opposite diri'Ctions. This pecu- 
liarity is of t'xlreme importance 
to enginc'ers, and it is only by 
careful float observations that the true direction 
of currents can be obtained. 

Floats. The dirc'etion of currents can be 
accurately obtained by u.sing variou.s forms of 
f floats. The action of the wind on 

the exposed surface of a float which 
})r()jeets too much from the water may 
oaiiso it to travel in a direction 
lotally diffep'iit to that of the current. 
Therefore a float must he made so that 
as little surface as po8.sible is exposed 
to the wind. A simple and useful 
form of float may be constructed from 
a bottle, as shown by the illustra- 
tion [67J. 

Where, it is necessary to determine 
currents at c«)nsiderablc dejiths a float 
constructed as .shown by 68, or some- 
thing similar, must he employed. 

Tlie method of determining the 
position of a float from time to time 
is similar to that ex])lained he.roafU^r 
when dealing with tlie location of 
soundings (70]. 

In carrying out. a marine survey on 
a coast line, the configuration of which 
ha.s been obtained by triangulation 
(such as shown in 69), the method 
to be t*mployed must to some extent 
depend on local oircumstances. llie 
nature of the sea-bf*d must be ex- 
amined either by diving operations or 
by borings, the results of w hich should 
bo noted on the plan, or chart, by 
rcferchce letters, such as “r” for rock, 
“s” for sand, “ m ” for mud, and 
so on. 

All moorings, buoys, beacons, 
groynes, lighthou.se^s, prominent rocks, 
etc., should Ik? clearly and accurately shown. 
Tlie IkkI of the sea is surveyed by soutidings 
taken from a boat with a loaded line. All 

1017 




CtVIL ■NQINBERINQ 

'^soundings on published charts arc given (in 
fathoms) for low water at ordinary spring tides. 

The position of each sounding can be obtained 
either l)y angular mcasuremoni from the shore 
to tln^ boat or from the boat to the shori‘. 

The following is a description of the first 
method : 

Set out on the shore a base lino [70, AB| of 
known length and ])osition with regard to the 
chart or ])lan. At A and 15 set up 1h('odolites. 
The observers follow with the ((‘lescopes of the 
instruments the movements of the boats from 
which the soundings an* 
being taken. On re- 
ceiving a pjearranged 
signal from the boat, 
each att(*ndant obs(‘rves 
the angle between the 
boat and the base line, 
thus locating that par- 
ticular sounding. 'I'he 
time also is noted. 

^Phese angles can also he 
obtained, when minute* 
accuracy is not rcquin*d, 
by employing prismatic compasses or box 
sextants. From the angles thus obtained at 
the stations A and 15, the position of each 
sounding (a.s shown by tlu^ j)()ints (’, l_), FJ, 
and F on the illustration) can be determimul 
and ])lotted on th(^ chart or plan by mean.s of 
a protractor. 

A better and more convenient method of 
obtaining the positions of th(5 soundings is by 
taking observations from the boat with the 
sextant., and then by m(*ans of the Mation pointer 
they can be plotted 
directly on tin* chart. 

The following descrip- 
tion will ext)lain the 
whole ot)eration : 

The Station 
Pointer. The illus- 
tration [71] shows {hv. 
arrangement of this 
useful i 11 s t r u m e n t, 
which is employcK] 
already stated, for plot - 
ting on a chart or plan 
the position of a boat 
from which angular ob- 
servations have been 
taken with the sextant 
to three wtdl-detined 
points on the shore, 
the positions of these 
points being knoivii. 

The form of the instrument is that of a 
circular metal protractor with three arms 
radial to a common centre (8), one fixed (A), 
and two moveable. The movable arms are 
provided with verniers and screw’s. Tlic theory 
of the instrument i.s based upon the 21st pro- 
position of Euclid, Book 111., which shows that 
the angles subtended by the chord of the segment 
of a circle measured from any point in the 
circumference are equal. 

Thus, if the angle [72] bctw^cen A and B is 
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observed to be, say 60°, the observer knows that 
he is sornenherc on the circumference AEDB, 
on any part of w'hich, as at E or D, the angle sub- 
tended by AB will be the same. The measure- 
nient, therefore, of an angle betw'(*cn two 
objects gives this infonnalion — that the observer 
is on the circumference of a circle which passes 
through two objects, the* dianuder of which varies 
according to the angh^, with an equal length of 
AB. This will bi^ seen by comparing 72 and 
73. In the former, AEB — 60^, and in the 
latter, AflB — 80 ’. 'Fliereforc, for example, if 
, n a mariner finds t hat a 
rock exists at X, and 
tw^o well-defined objects 
exist at A and B, he 
has only to take care 
that the angle measured 
between them is con- 
siderably smaller than 
that mca.suredat X [73], 
which may he taken 
from bis eh art, to en- 
sure his passing outside 
it.s position. 

The Three=*point Problem. To find 
the pr(*cise position of the boat two angles must 
be taken [75|. This is called the “ Three -point 
Probl(‘m.” It is evident thatw'hore two circles 
cut one another is the observer's position, for 
though h(^ may he at K (741, so far as his angle 
botw’cen A and B is concerned at that position, 
the angle observed between (J and F will not 
agree, nor will such agreement be found unless 
the ohs(*rver is on the eirclo ( d )HF. He can only 
bt; on both eiic^les at oiieo when he is at J). 

Sii[)posc that instead of 
taking the objects (.'F to 
measure the sceond angle, 
we take it between BC [75], 
the observer must bo at 
the point 1) for the same 
•easons as in the previous 
case. 

8'h(^ observations can be 
plotted by means of circles, 
or more rapidly by 
using tile station 
pointer in the follow- 
ing manm^r. Set the 
angle ADB off on 
one side of the fixed 
arm, and' the angle 
(ff)B on the other 
side. Place the in- 
strument on the chart 
so that the fixed arm is 
directed to B, move the instrument about on the 
chart till the other arms fall on the points A and 
C. The centre (S) of the instrument must then be 
the required position, and is pricked on to the 
chart. If the points ABC^D fall on the circuip- 
ferenee of one circle, the point is indotormiDate. 

The Lords Commissioners of the Admiralty 
have issued a pamphlet on the station pointer, 
which deals exhaustively with the subject. 

{Soundings must be reduced to a known datum 
in order to comiect the level of the sea-bottom 
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to that of the shore. Soundings of equal values 
arc usually connected together by dotted lines, 
as in contours on land, the value of the contour 
being indicated by t he dots. Thus, a four fathom 
contour would be sliowu by four 
dots, then a space, and so on (^are 
must be observed in eoniiecting tlie 
soundings together, otherwise shoals, 
or sandbanks may a])pcar on the 
chart where none in reality exist. |*J W 

Foreshore Survey. Tlie sur- Vn, ^ 

vey of the foreshorti above lov\- v\ J 

water mark is carried out in the 
same way as land surveying. 'I’lio 'wTO 

levelling operations should be ex- /T 

tended to, and even below, low /■/ 

water by the stafT-holdor wading til 

into the sea. Tin* levels so oh- /.;/ I 

tained are mon^ accurate than / V I 

those taken by soundings. Should O | 

the work have to Im' earrit‘d out hi f 
at night, tlu^ cross hairs and slaif /»•/ 
require illuminating, Avhieh may /) j 

be done in tlu' following way : .A t'S 

mirror is soldered to tlu' top of th(‘ M 

cap of th(‘ teh‘se()])(‘ in such a I ^ 

position that it proj(‘els down M 
wards over the object-glass, making M 
an angle of 45'^ with the horizontal m ^ 
axis of the instrumc'nt. An (dliptical 
hole is cut in this mirror. A lantern ‘ 
supplies the light, which is retieeti'd on to I 
.cross hairs. The stall’ can he illuminated by a 
torch, and is thus easily observable through 
the elliptical hole in the 

mirror. C 

Base by Sound. Tlie ^ 

length of a base line can he 
obtained b> sound. Although / / ; \ 

this method is not aeeurate, / / 1 \ 

it may he employed wlien / » \ 

only approximate measure- / \ \ 

ments are necessary. It \ / *, 

consists in taking the intei’- \ \ 

val of \ / * 

time S-c; 4^ — V" 

wh ich /} ' i\ 

elap- i ''><" . ij ^ 

seshe- *1 i V 74. indktkk 

tween /e 

the dC y 

72. EX.A.MVI,K 1 / 

fl ash / 

from a gun and the arrival / 


71. STATION IMUNTKH 


CIVIL BNQINEKRINQ 

chronometer is held to the ear and the heats 
counted as nought, nought, ete., until the flash 
is observT'd, and then one, two, three, (^e., 
until the report is heanl. Tlu; mean time ot a. 

numht'r of observations, .'irithnieti- 
eally obtained, is not eorrt'et on 
account of tlu* aeeehu’ation when 
travelling with th<^ wind being l(;ss 
than the ndardation when trav(*l- 
lijl ling against it. The follov/ing formula. 
Jij must i)c applied : 

when T mean intiM’val reqiiii'ed ; 
\\ t int(‘rval ohs(‘rv(*d one way ; - 

y iuteival ohsi'ived the otlur way. 

ll 4’Jie mean time (T). multijilied by 

R tlu* V(‘loeity of the sound for tlu* 

14 ti‘mp(*r;ilui‘e at the time of ohserva- 

tion, will give, the distance hetw'ci*!! 
tlu* two piae(‘s. 

Vl Sound travels at the rate ot 

il l.ODtl feet per se(“ond at .‘{*2 ' F., with 

VI an inen'ase <»r decrease of I '15 f(‘(‘t 

yl p('r Hf*eond for (‘aeh degree of rise or 

W fall in t(‘mp(*ratiire. 

|| Synopsis. The ]>oint which we 
10 have reaelu;d marks a definite stage 

'riiis instalfnent eonehides the teaching 
of Surveying, (‘xe<*pt for the n‘fer(‘nees whi**h 
w<‘ shall hav(* oe(“asion to make in describing 
the construct iond part. Tlu* seheiiu; of our 
lii'atment to follow' may he 
indicated. Tlu* next article 
deserihes the history and 
, praetiee of tlu* Ordnance 

A. Survey, with information 

regarding tlu* value of the 

/['m j \ (lili(‘?*(’iit scales for dif- 

1 |\^ X I h'ltaii purp<<ses. Tiu; pro- 

I j j eediu'v* usual and necessary in 

I 1 A ' ''v / S (H* k - 
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from a gun and the arrival / \ 

of the sound, the observer / \ 

being at one end of tlu* / y | 

required base line and the I Vx 1 / 

gun at the other. It is \ 
preferable to have both a \ 

gun and an observer at each \ / 

end of the line taking alter- \ / 

nate readings. Tlie time 

should be taken by chrono- ^ 

meter watches, the beats __ 

of which arc recorded l,y ’6. thrke-point problem 
the ear and not b^ the sight, the number per (‘.ountry are 
second being thus accurately obtained. The 


; \ / t. a r y 

1 • /x pOW' 

\ • /' \ / ers for 

\ L/ public, 

a n (I 

' p r i - 

73. KXAMPl.E 2 vat e 

works 

is cxplairv.'d in del ail. Then 
1 we proceed to study tlu; 
y priictiei^* of civil eaigineering. 
The eourst; concludes with a 
description of civil engineer- 
ing abroad, and the diverse 
in till cnees, su(*h as climate, 
labour, transport facilities, 
etc., which modify tlu; prac- 
tice* from that usual in this 

eon,sidc;red. 

Continued 


1019 




by his touch. For smaH work and 
delicate detail fine sable brushes are 
'indispensable, but the large square 
hog brush is more us(;ful for the laying on of 
broad tone's, or for crisp modelling on a larg ^ 
scale. A round brush should invariably be used 
for drawing the outline. 'J’he student will soon 
find \#hich brushes best suit his style, but he 
should at tlui beginning have a fairly large assort- 
ment of sable and hog brushes of different 
sizes. The great drawback of the former is, of 
course, their high*price, which is probably the 
cause of the introduction of hog brushes. As 
far as can be ascertained, many of the old 
masters ap|)car to have worked entirely with 
hair brushes, and it is very questionable whether 
hog brushes were at all in use before the 
eighteenth century. 

The Painting Ground. Some artists 
paint on the grey surface of the prepared 
canvas. Some tone the whole canvas a warm 


that is to say, the 2 

brush is charged at 

each stroke with the true value of colour, and 
the briishful is then made to draw the form on 
the canvas in a stroke, and is not again touched 
or cross-brushed, but left when the stroke is 
completed. Yet a third school builds up colour 
with little touches of the three jjrimary colours 
laid side by side. 

Methods. Again, as to the thickness of 
the paint, some artists paint with the brush 
loaded with thick colour ; others use, a 
full, very moist brush. Each method has 
its advantages and its drawbacks. The school 
that paints the picture first in black and white, 
then runs transparent glowing colour over the 
modelling, and so employs this “ glazing,*^ as it 
is called, to give colour to the solid painting 
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below it. But this method looks vi eak l>eside 
the forceful, direct method <d vigorous paint, 
such as Vclascpioz’s of old, or Whistler’s or 
Sargent’s in our own day. The. “direct” 
painters usually paint the whole canvas at one<‘, 
carrying forward llu^ picture as a whole each 
day; the more detailed school ])aint, say, the 
head in a portrait lirst, then j)aiiit up tlie rest 
to it afterwards. 

In painting, the studtait should always try 
to get the effect of the volume of air about tlu* 
object, which gives so much of beauty to its 
colour values. Faces or objects seen at a certain 
distance have no hard and harsh outlines, but 
are seen, as it were, through a veil of interva-ning 
atmosphc'ro. The student will easily realise, 
for instance, what distanct; gives to colour by 
p\itting up a white handk(*rchicf Ixd’ore him, 
and seeing how white it is against a dead-white 
obj('ct across the room. 

Style. The student has now learnt to set 
his palette, choose his colours, and chain his 
brushes, llo should attack his painting by 
always trying to get his cohnir absolutely true, 
and then putting it iq^on his canviis boldly, as 
if he drew with the brush. He will be drawn to 
express himself after tlu^ manner of some par- 
ticular master, and therii is no better school- 
master for him than the great, whom he should 
endeavour to rival, and, if it li(‘ in him, to beat. 

Each, according to his taste, will be drawn to 
a certain style. The broad, largely spaced 
manner of a Brangwyn will appeal to one, with 
his swinging line, telling masses, and great, wind- 
filled skies ; whilst the (‘xtreme delicacy of an 
Orehardson will appeal to another. The large 
manner of Paolo Veronese will stir the senses of 
one with its sense of majesty and grandeur, 
whilst the solemn dignity of a Leonardo da Vinci 
will move another, and the decorative charm of 
a Botticelli appeal to the taste of a third. The 
broad, masterly painting of Velasquez will teach 
one the lesson of his art ; the Japanese beauty 
of arrangement, simplicity, harmony, and 
exquisiteni^ss will enthral anotlier. But whether 
the student seek after the larger manner, the 
daintier, or th»' more exquisite, ho should 
remember above all else that it is by colour, and 
by the sense of colour that his painting creates, 
that his art as a painter will eventually be 
judged — a sculptor by his form, an illustrator 
by his rhythmic beauty of line. 

Painting in Water«coIours. In imint- 
ing in water-colours, the same rules apply 
as to the choice of colours as in the case of oils, 
only, perhaps, to a greater degree, for water- 
colour is used very thin and transparent, and is 
more easily destroyed by dust and damp. The 
following list gives a good range of safe colours, 
but it should always be remembered that the 
madders are not absolutely stable rose pigments, 
and that vermilion is liable to turn black. 
Ivory black. Light red. 

Charcoal grey. Venetian red. 

French ultramarine. Indian red. 

Cobalt. Rose madder. 

Viridian (transparent Madder carmine. 

oxide of chromium). Purple madder. 


Opacpio oxide of Chineses v(‘rmilion. 

chromium. Y(‘llow ochrC. 

Burnt iimlx'r of (Vippagh. ’Pho ilirtx^ cadniiuiii 
Burnt umber of yell o w s (d o v p, 

(kppagh brown. orange, and pale). 

Raw umber. \ureoIin(‘. 

Burnt sienna. Lemon yi'llow. 

Raw sienna. ( ’hinese/ wli i b*. 

As is Ujo ea.se witlj oils, tliere are several water- 
colours that were much used in the la.st genera- 
tion which are more than faulty, if not absolutely 
bad. (lamboge was a villainous ytdlow, and 
Hooktu’s green, sap gr(*en, indigo, F^russian blue, 
Antwerp blue, Vandyke brown, and sepia, all 
fade with tim(‘. 'Plie (ihrome yellows are deb^st- 
ably b.'wl, and injurious colours to use, as welljis 
the beautiful emerald green, Naj)les yellow, 
orpiment, and the lakes. R(‘dlcad, also, is death 
to other e(.)lours. 

The colours for water-colour paint ing in ))ans 
are bettcu* than those in tubes or dry cakes, ^’he 
pans being moist, yield up their pigment easily 
and quickly —a very important matter in water- 
(a)lour painting, and still more important in 
sketching. I’ho best box to hold these “ pans ” 
is the black tin water-colour box sold by the 
artists’ material dealers, witli a place for the 
brushes, and flaps for use as palettes. 

As regards white, the artist should be careful 
to avoid all whites that contain lead, as these 
turn dingy and end in absolute blackm^ss in quite 
a short while. The best white to use is pure 
Chinese white ^ which is not only quite per- 
manent, but has the additional merit of pre- 
serving good colour when bound with it. 

As regards black, the charcoal grey used by 
blaek-aiul- white artists is a beautiful black, 
yielding exquisitely pearly greys and deep 
velvety darks. Indian ink is a brown black, and 
can be wjushed over. Lampblack is a deep, 
strong black. 

Brushes and Painting Surface. A 

very few brushes, if good ones, will last for 
years. Three or four black or brown sables of 
varying size are all that are required ; indeed, 
one good medium-sized brush will give all 
degrees of point necessary, if one also have a flat 
“ <‘amel-hair ” for laying in broad washes, or for 
moistening the paper. 

In water-colours the effect of the washes 
depends greatly upon the surface on which they 
are placixl ; the white paint in oils is, in watcr- 
eolouis, rejihiced by the whitcj ground on which 
iho more or loss transparent washes of cqlour are 
dependent for their tone. The best paper is 
white, and should he strong and smot)th in 
surface, except where rough surfaces suit the 
particular handling of the individual artist. The 
Old Water Colour Society’s- paper is the best in 
the market ; whilst several firms also provide 
good hand-made thick linen papers. Before 
painting on a paper it is always best to run a 
wash of very slight tint over the whole ; this 
will betray grease-spots and mildew, and the best 
way to get rid of them is to avoid the paper that 
betrays either. 

The old-fasliioned system of stretching the 
paper on a drawing-board is now almost 
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Huperseded by the usq of “ skolching- boards,” 
the paper being pasted down to cardboard, and 
saving infinite pains and trou)>le. The student 
should avoid finti'd papers, and learn to use the 
white ground, to yitdd him the beauty of trnns- 
lucency which is so valuable; in water-colours. 

It should be remenibered also that very 
often wlum the colour does not run easily upon 
the paper it may be the fault of the hardne\ss of 
the water. Jn this ease distill(*d or boiled water 
will make all llie ditferenee. 

If the paint in the pan goes dry, a little warm 
distilled water will soft(*n flu* hardencal gum of 
the pigment, if left to soak. 

The Choice of Colours. Now, with 
his colours, his brushes, water, and good white 
))aper, the studiuit is n'ady for work. With a 
pencil he sketches in the main lines, and then 
proceeds to wash in his masses. H(^ has to 
choose b(‘tw'C(‘n the two schools of water-colour 
paint(‘rs — the 'rransj[)ar('Tit Colour School (or 
purists) and the Jlody Ckdour School. 

The purists do not use oparpu; colour, and, 
abcfVe all, will not allow th(; usi* of C\\incse white 
in their w'ashcs. The body-colour men use w hite 
floated through their tints, and also use opa(|uc. 
colours solidly. U'Ik; former is unquestionably 
the more legitimate metliod, and the studiuit 
would do well in the heginning strictly to avoid 
all opacpie colour. The, true beauty and value 
of w'ater-colour lies in its luminous transparency, 
and this is lost' by the use of body colour. 

The colours, whether solid or ti’ansparcnt, may 
be used broadly in w'ashcs to give broad eflcMits, 
or they may he used rninuh'ly in w'hat is ealhal 
stipple, to give miniilt* detail. But to whatever 
school of painting the artist may b(*long the 
transj)arent, or Avash school, or the body-colour 
school, the brojid, impressionist school, or the 
stippled, detail school -th(;ro are certain laws 
that a])ply to all. lie should w fish in his back- 
ground at the same time that ho pfiints his main 
objects, so as to give those objects their full 
value ; otherwise lie will find that the wliite 
pafier of the background has forced tlu; valium 
of his objects, so thfit when ho tones down that 
batskground the objects lo(jk poor find weak. 

Some Hints. The .student must, as in oil 
painting, master the simple riik'sof pewspoetive, 
and, if a figun* pjiint(*r, master anatomy. 

Remember ahvays, in ]>ainting in the open, 
not to paint your sket(*h at all hours of the 
day. Co back and jaiint under the same con- 
ditions of time and sunlight. 

Master the rapid making of greys with, say, 
light red, cobalt, and yelKnv oi-hre, and so on. 

It is ahvays wise to w^ash in your backgrounds 
flrst ; then you have not the ugly tendency to 
get your main obj(‘ets out of their atmos})hofV. 

Here, again, as in oils, let the student study 
the ma.sters of his craft - -the old men like the 
grand master Cotnuvn, and the great men of 
to-day like Sargent . Look what Sargi*nt and 
Brangwyn can do with their broad, sweeping 
imusses, knowing exactly where to place them. 
Randolph CVildeontt, again, is a fine master to 
teach the value of broad washes. Let the 
student haunt the exhibitions also, and study 
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day after day the work of men he admires, and try, 
when he gets home, to rival them from memory. 
Melville’s w'ork is very masterly and telling. 

Tn painting, brush in the mass of a thing 
lirst ; and with a full brusli, or a brush charged 
with clean water, till in or take out detail as 
you want it. 

(k)tmari of old, and Sargent, Whistler, Ccorgo 
Clausen, Ciiarles (ireen. Craw’hall, Alexander. 
Pryd(*, and the like to-day all have lessons to 
teaeli ns. But do not copy too much. A few 
copies from one master should never he exceeded. 
Master their methods, and use them to help the 
style you wish to evolve. 

What will trouble the student much in w'ater- 
eolours is the hardiu'ss of his edges. He can, 
and should, avoid this by (lamping his paper 
diglithj before painting upon it. 

Methods of Working. Peril aps it will 
bo .sopje guides to the student to give the 
method of working of om; or f,Mo of th(‘ great 
English paintcTs. 

David (’ox’s manner of ])ainting was simple 
in lr(‘atment. H(‘ only used thi* bari'st pencil 
outliiK' -often none at all. He then w'ash(;d in 
his mass(‘s with many r>upe rim post'd laytu's of 
colour, beginning with a ghostly picture of 
the landseajx', and building it up as a whole, 
always kecqiing his work transparent and pure 
ill vahu's, and most carefully pri'serving the 
.si‘ns(* of atmosjilK'ro througliout. His drawings 
have* a ri'sulting (*lT(‘et of facility and frec'dom 
of labour and from heaviness that make his work 
a great achievement. He unfortunately us(*d 
a wretelu'd j>al(*(te — gamboge, lake, Prussian 
blue, indigo and sepia, Ix'ing amongst his tw'(;lv(* 
colours. He spoke ])a«sionat(‘lv against the 
u.se of white in wat(T-eolour work. 

The “ Wet Manner.'* Prout outlined his 
work in brown ink and tinted in the whole. 

De W’^int painted boldly in the “ w’ct manner,” 
.saturating his paper with wavtc'r, and then 
floating on to it his colours in a full brush whilst 
the paper was (juite wet. He never interfered 
with his masses afterwards. He used two largo 
bruslu's, one with a tine point, the other round 
and blunt. He, too, unforlunati'ly used amongst 
his nine colours such wrelcjlu'd pigments as 
purple lake, Prussian blue, indigo, gamboge, 
browm-pink and sepia, and his reds kilU^d tho 
hhms as time wore on. Ho only used white, and 
that for his lights, towanD the end. In his best 
work he “ left out ” the lights as pure white paper. 

Whistler ran (’hinese white through nearly 
every wash ; and aehievt;d such atmosphere 
as it would be dilhcult to surpass. Yet he was 
so imaipuhle of using pure wash that when trying 
to paint on ivory he gave it up, because the 
white would get in, and the value of the under- 
lying ivory was thus lost. Sargent uses water- 
ecdour in big washes of pure colour, using 
white only to cnluince the high lights. 

Long before the invention of oil painting, 
w’ith which the brothers Van Eyck are generally 
credited, artists in Italy and in the North 
practised another method, w^hich, after having 
Ix^en neglected for some centuries, has lately 
come once more into favour, though the practice 
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of this art of tempera painting is still conlinod to 
a comparatively small group of artists. Fortu- 
nately, (^ennino Cennini, an early Ifjth century 
Italian painter, has left us a treatise on painting, 
in which all the methods in use at his time' are 
technically described. An admirable transla- 
tion of “ The Book of the. Art of Cennino 
Cennini,” by Christiana J. Herringham, which 
has been published in an inexpensive form by 
Mr. G. Allen, is accessible to every student, and 
will bo of invaluable help to anybody who wishes 
to master the technique of tempera painting. 

Tempera Painting. Ctmnini has well 
defined the nature of tempera painting. “ It is 
true,” ho say.H, “that pictures are paintc'd just 
as T explained to you to work infres(;o, withthret? 
exceptions. One is that you must always paint 
the draperies before the faces. The second is 
that you must temper your colours always with 
yolk of egg, and thoroughly tempered, always as 
much of the yolk as of the colours you femper 
with it. The third is this : 'Pha t t lu* colours must 
be ground very lino — well grounil —just like 
water.” Tempera paint ing is thus painting with 
yolk of egg as medium. "Phe advantage of the 
method lies in the transparency and jairity of 
the colour, which cannot be rivalled by oil-paint. 
Moreover, tempera colour is permanent, and not 
subject to eliemical ])rocess(*s of disintc'gration. 
.Most of the tempera pictun's of the (‘arly Italian 
and Flemish masters hav(‘])reserv(‘d their ))ristin(^ 
bloom and fn'shness to the })r(‘sent day. 

On the other hand, temj)era is a most ditticult 
medium to handle, and will never yield the depth 
of shadow which can be obtained by oil-colours. 
It requires very preeisc drawing, beeaust^ eor- 
nadions are ditheult to mak(' ; while delicate 
gradations, such as can easily be [iroducod with 
oil-eolours, are practically impossible to get with 
this method. Ttunpera can only be recom- 
mended for decorative work in more or less flat 
tints. It is almost useless in the hands of the 
mod(!m painter who aims at. realism, at the life- 
like, plastic appearance of things, and at 
atmospheric effects. Ti'inpera e.oluurs e.ould 
produce a Botticelli, but never a Rembrandt. 

Surface. The he t surface for tempera paint- 
ing is offered by wood panels, which can b(‘ bought 
ready for use from artists’ material (boilers. 
Since a demand has sprung up, various prepara- 
tions of tempera paint liave hvvn j)laced on the 
market, but it is best to follow the example of 
the old masters and prepare one's own matt^rial. 
An immense amount of disappointment will l)e 
saved by a judicious selection of the wood 
required for the panel. If possible, this should 
be old, well-seasoned oak. The pla/iks of old 
boats are admirable for this purpose, as they are 
not likely to warp. 

To guard against any action in the wood, the 
hack of the panel must be specially strengthened 
by strips of wood criss-crossing, and fixed so 
firmly to the panel that it is impervious to the 
injurious effects of heat or damp. The next 
step is to make a preparation, with which thi' 
wood is covered to get a delicate surfaci; for the 
tempera paint. 

Take a quantity of plaster-of-Paris and leave 


it to soak in a tub of water for two or three 
months. This is to destroy the life in the 
plaster, \vhieh is liable to ruin tia? (H)lours if 
the mixture is us«m1 too s(a)n. Tlu‘ ])reparation 
should Ix^ stirnul well (.‘very day for a few wet'ks. 
Then the water can be poured off, and the plastiM* 
rolled into cakes. These are tlie balls of Ge.ss(>, 
ready for further preparation. 

The Method. 'Phis gesso is ground to a 
powder and mixed into a smooth paste with 
water. Melt some earp(*nters' glu(\ and while it is 
boiling pour it into th(' gesso j)aste, which must 
j)reviously be warmed to pn'vent the glu(‘ from 
ihiek(‘ning immediately. 'Phe paste and ghu^ 
have to Im* well stirred together. There is an 
easy method for finding out whetlier a sufiieh'iit 
(piantity of glue has l)(‘(‘i\ added. Pour a little 
of the mixture on to a piee(‘ of paper and dry it 
over the lire. Moisten the finger and rub tlu* 
ge.sso ; if any wliite comes off on the firigcu’, it is 
a sign lhat the mixture does not contain enough 
glue. 

It should he rememlu'red that glue can always 
be added, but that it cannot l)e takcat away from 
tlu' mixture. It is advisahh* to give the panel a 
preliminary coating of glu(‘, hut this is not 
ahsolutedy necessary. Apply the gesso, while it 
is rather stiff, with a brush, aivl spread it evenly 
over the surfae('— hot too thickly, hut it should 
not be transparc'Mt — and leave it to dry. When 
the preparation has become hard, nil) the. surface 
down witli lino sandpaper to a convenient 
degree of smoothm'ss. This is, of course, a 
matter of jM'rsotial taste. If the tempera is laid 
on too thickly, it is liable to chip at the sides. 

Dry Ground, do prepare tlu* teiiqxTa for a 
dry ground, take only the whit(' of an (‘gg, mix 
very stiffly with tlu^ powdered (‘arth colours that 
eolourmen sell. The medium to use is the while* 
and the yolk of e'gg beaten u}), and mix(‘fl with a 
little water, or, better still, only the white of egg 
and wal(*r. d’he gr(*at. advantagt^ of tempera, 
over oil is tleat it dries almost immediately. It 
can be used on canvas, or (*ven on ])aper, but tlie 
most delightful effects R>sult from its being 
a])[)lied transparently on the* g(‘sso surface'. 

In many of tlie masterpieces of tla^ gi’catest 
workers in teuupe'ra it will he. seem that many of 
the small iletails of tlie ]>icture are raised in 
relief, siieli as the crowns and the? halos of saints, 
or the embroidery on the richly decorat(‘el gar- 
ments. Then* Sire some ve'ry n'lnarkable 
examples of this raised work in our National 
Gallery, notably some of tlu^ piedun's by ('arlo 
(Mvclfi. This moulding is all executed in gesso — 
that is, in the. suhstanei^ wdiieb has already been 
describ(d as a suitable* basis for tempera j)ainting. 
Only, for reliid work it is made with less liquid 
and more glue, and applied very stiffly with the^ 
brush, layer abovc^ layer, until the d(*Hircd relief 
is obtained. Then, when the artist is satisfied 
-with tlie plastic; shape;, the surface is painti*d and 
gilt to get the desired pictorial (*ff(*(*t. This 
method has been sueeessfiilly reviv(;d in re'cent 
years by some. Birmingham artists, who have* 
produced some delightfully quaint and effect iyt^ 
caskets, chests, and other decorative objects in 
medijeval taste. 
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it may bo useful to artist to know that 
fairly reliable tempera colours can bo obtained 
from a Cierman firm in Diisseddorf, who have 
made a special study of this medium, and who 
have issued a catalogue in which tlie colours, 
which are guarantee(l to be absolui(dy perma- 
nent, are sijecially marked. 

Fresco. Fresco painting is the term applaud 
to paintings cx(‘cuted on a wet plaster ground, 
for which purposes temp('ra colours are generally 
used. In fact, fresco work is the ideal a])pli(‘a- 
tion of this difficult metliurn, simui large decora- 
tive mural ])aintings should accentuate the tlat- 
ness of the Avail rather than dt'ceive one into 
believing that the wall opens to reveal a glimpse 
of real life and nature ; and this deception, 
whi(jh is one of th(^ chief aims of most modern 
paint(*rs, can only be achieved Avith oil colours. 

The Italian mast ms of the tifteenth century 
were the ideal decorative painters. Painting 
direct on tlio A^^all of church and cloisters and 
palace, they were forced to consider the sur- 
roundings, and realised that wall painting should 
have no indepemk'nt (‘xistence, but bt? the hand- 
maiden of arehiteetlire. Many modern painters 
do their decorative work in the studio Avithout 
thinking of its ultimate destination. The result 
is that when the canvas is fixed in position on the 
wall, it probably looks inconglruous and detracts 
from, instead of adding to, the effect of the 
architectural setting. But a great imjjrovement 
has latt-dy set in in this direction, and w^i Jiave 
now a few artists who, like Frank Brangwyn, 
are fully appreoiatiA^e of the exigencies of 
decorative Avork. 

The First Consideration. Tlu^ first 
technical consideration should be the surface of 
the wall chosen, Avhich must be specially prepared. 
Procure, in the first place, the necessary quanti- 
ties of lime and sand, according to the space that 
has to be covered. Sift both, so that they are 
entirely free from lumps. If the lime is very fresh 
it will require the addition of twice its quantity 
in sand. Mix these materials Avith water, and 
alloAV the lime to rest for some time to avoid the 
risk of bad cracks Avhen the plaster is dry. The 
surface on Avhich the fresco is to be laid nust bo 
well cleaned and drenched AAuth Avat(T. Having 
thoroughly stirred the lime and sand, spread it 
evenly, in one or two applications, on the AA'et 
surface until the mixture itself settles to form 
a now, flat ground. 

That this flat surface should be roltigh in grain 
is an advantage. This quality is obtained by 
mixing the mortar with as little liquid as 
practicable. In a few hours the pr(»paration 
will l)e dry and ready to receive the artist’s first 
design, which should be in charcoal, as any false 


lim5S in tempera paint would immediately become 
one with the plaster, and therefore ineffaceable. 
When the drawing is correctly executed in char- 
coal, the outlines should be drawn in with ochre 
or sienna, and the charcoal brushcxl away with a 
f(‘ather brush. Before the actual painting is 
begun the mixture of lime and sand must be 
nq)eated. It is viost important that the whole 
picture should be ])ainted AAliilo the plaster is 
wet, so that the paint and plask^r amalgamate, 
become absorbed into each other, and make 
one }X‘rfect Avhole, Avhich sliould withstand the 
af tacks of time and weather. From this paint- 
ing on a fresh plaster ground the Avholo method 
has received its name — the Avord fresco being 
Italian for fresh. 

Surface of the Plaster. Since it is impos- 
sible to paint at once over the whole surface, the 
artist must spread this second mixture of lime 
and sand thinly over just the amount of wall 
space which he can cover with paint in one day. 
Having already marked the first simple outlines 
of his picture, he should foIIoAV these, filling 
them in AAdth the wet plaster, so as not 
entirely to obliterate the skeleton of his design. 
Every day another portion is thus added, until 
the whole ])icturo is eompleU'd. It cannot be 
insisted upon too emphatically that the essential 
point ill fresco painting is the wetness of the 
plaster wliicli rec5eivo8 the paint. This second 
coating of plaster must be applied lightly, and 
for this purpose a brush of hog-hair should be 
used, steeped in clear water, and the mortar 
Avetted with it. A strip of Avood as broad as the 
palm of a man’s hand is passed over the surface 
to remove any surplus plaster and to distribute 
it quite evenly ov^er the st'ction chosen for the 
day’s AA'ork. 

In ease of any accident or change in the 
design, the faulty part must be soaked off bodily, 
painted and plastered together, and a fresh 
surface created. From this it will be seen how 
important it is that the first design should bo 
quite correct, as a small fault requires such 
driistic eorrc‘etioii. The medium for this fresco 
work is a special form of tempera, which can be 
made by the worker himself. 

B('at up the yolk and white of one or two eggs 
with water. The paints used in fresco are the 
powdered eartli (colours obtainable from all 
colournien. This powder must Ix) made into a 
thin paste, well mixed with the egg and water. 
When being applied to tho wet plaster, the pasto 
must be still further diluted, so that it may 
mingle and become one with the ground. Once 
more tho necessity for wetness in the plaster 
and liquidness of the paint must be insisted 
upon. For fresco painting on canvas the 
method is the same. 


Continued 
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1 INEN cloth has always boon held in high 
^ esteem by cultured nations. 

It was not till the tenth century that 
the linen industry of Europe camo into 
historic prominence, when the Flemish town 
of Ypres became prosperous and important 
on its linen manufactures, flie speciality of 
which was a fine cloth, since called diapers 
among ourselves, an evident corruption of 
“ d’Ypres.” 

British Linen Manufacture. Tlio first 
mention of Irish linen occurs in the thirteenth 
century. In Scotland the trade must have 
been important about the same period, because 
the bodies of the Scottish foot soldicus un- 
earthed in the last century on the field of 
Bannof^kburn were clad partly in linen. The 
larger trade of England, 
being carried on in each 
little parish for local con- 
sumption, totally eludes 
observation before the 
year 1720, when the 
tibre appears as the 
universal provider of 
warp for cotton, which 
could then be spun only 
for weft. 

At present there are 
four important centres of 
the trade — viz.,, Belfast, 

Manchester, Leeds, and 
Dundee. 

Just at the time when 
cotton was coming to 
drive English linen out 
of many markets, fJie 
rival fibre stimulate-^ for 
a short period the pro- 
duction of linen yarn. 

Up till the year 1773, 
cotton could not bo spun strongly enough for 
cloth ■warps, and linen was used. 

During the latter half of the seventeenth 
century, the Irish linen industry, quietly 
practised for centuries in the Ulster province, 
received a fresh impetus from the invasion of 
skilled weavers of cambrics from Picardy, driven 
thither by the Revocation of the Edict of Nantes. 

Lisburn, Ballymena, Armagh, Coleraine, 
and Lurgan were the chief centres of the linen 
industry, and to these towns Belfast is the 
nearest great seaport. Having a fair share 
of the industry itself, Belfast became naturally 
the emporium of Irish linen. When the 
factory system began to supersedb hand- 
production, mills were built in Belfast, and the 
seaport quickly attained first rank as a liiu-n 
manufacturing town. 
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As we have already indii^ated, the linen trade 
of S(!Otland is of old standing. Two of the 
principal centres of the industry are Dundee 
and Dunfermline, the former in the coarser 
linens, and the latter in damasks and diapers. 
The history of the Dundee linen trade strongly 
resembles that of Belfast. 

About the closii of the seventeenth century, 
a small colony of Huguenot linen weavers had 
S(‘ttled in Edinburgh, on the spot now known os 
Picardy Place. Some of the.se weavers migrated 
to Dunfermline, helping materially to establish 
that reputation for damasks and fine linens 
which Dunfermline still enjoys. 

The Manufacturing Processes. In 
many respects, with all our progress, we have not 
advanced beyond the methods practised five 
thousand years ago. The 
spinning wheel which wo 
illustrate [32] by a pic- 
ture lent by Mt'ssrs. 
Bannerman & Sons, 
Ltd., Manchester, con- 
tains the principle of flax 
spinning, and all our 
machinery is little more 
than an elaboration of 
that contrivance. Our 
young men have plenty 
of scope for their in- 
genuity in the improve- 
ment of linen manufac- 
ture. The process is a 
Jong series of graded 
operations. We will take 
up each stage of the pro- 
cess in detail, but a short 
summary may be given 
here. 

1 . Retting frees the fibre 
from the rest of the stem. 

2. Rcutching breaks off the woody substance 
still clinging to the fibres, and tends to open 
them out. * 

3. Roughing gives the fibres a preliminary 
clean, sort, and range. 

4. Hackling combs out the fibres, separating 
the short from the long. 

i). Sorting classifies the fibres. 

(). Spreading is a kind of rough carding, which 
lays the fibres alongside each other, and forms 
them into a sliver or soft rope. 

7. Drawing lengthens out the slivers and gives 
them the fox’in of thread. 

8. Roving continues the last process, and 
prepares the thread for tlie spinner. 

9. Spinning refines, twists, and forms the 
thread by means of su(!cessivc machines. 

10. Reeling winds the spun yarn into hanks. 
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** 11. Winding forms the spools of weft for the 

shuttles of the loom. 

12. Warping lays the warp yarn on the 
dressing or weaving beam. 

13. Dressing coats the thread of the warp with 
size, to strengthen it for the weaving. 

14. Healding seta the warp in position for 
weaving on the loom. 

1,5. Weaving unites warp and weft in cloth. 

16. Bleaching whitens the cloth. 

In addition, we have to see tlu' flax fibres 
made into thread for lace-making and sewing. 
Many of these processes are almost identical with 
some of the processes in cotton, wool, and silk 
manufactures ; and while the linen industry 
must always be studit*d as a distinct entity, 
the plan of our course has been arranged so that 
all the textile workers having a common interest 
in any machines or metlKxls may study them 
together. 

The linen manufacturer produ(u*s a vast range 
of goods — from the lightest of cambrics to the 
coarsest of canvases ; from the plainest of 
sheetings to the most beautiful of damasks and 
brocades ; and from the finest of lace threads to 
the strongest of cables. This brings him into 
close competition and association with tlu* 
workers in hemp, jute, and other fibn^s of that 
class. 

Jute Manufacture. So closely related 
in treatment and product an* all thi^ best fibres 
that it is almost a ])ity they are not united as 
one industry. We can hardly say. however, that 
a lad who has been taught the linen industry is, 
on that account, equipped for work in a jute 
mill in all its deparlmcaits. In acttial f.a(‘t, 
reasons historical, economic, and industrial 
forbid that desirable event, and wo must 
meanwhile take things as tliey are. 

Softening. The retting, scutching, and 
baling of tlu^ jute fibre take place in those* 
tropical lands when^ it is grown — at pres('nt, 
almost exclusively India. Wiien we receive the 
jute fibres they are fairly clean, long, and 
lustrous ; but we also find them harsli and 
brittle. For more than half a c ntury these 
defc(!ts hindered the develoi)ment of the jut(» 
industry in this country. As has been already 
stated, the problem was solved by the invention 
of the softener. Tlu* bales are opened out, and 
the fibre formed intf) stricks or .strikes by the 
attendant on the softening machine, or^^is helper. 

A vfist combination of fiuted rollers and oil- 
distributors, ingeniously devised, the softener 
delivers the fibres in a condition equal to flax 
in flexibility. Thence, jute follows a process 
of manufacture similar in its main details to 
that of flax, already detailed. 

Jute not only rivals flax for many purposes, 
but it also has a department almost to itself, 
worthy of special note. 

Floorcloth and Linoleum. Floorcloth 
was originally invented by Nathan Smith, in 
1763, and patented by him as a substitute for 
carpets. Ho must have been something of a 
poet arid hygienist this Nathan Smith, because 
there was a curious mixture of sentiment and 
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sanitation in his idea. Jute was not known 
at that time. Mr. Smith’s idea was to use 
the flax fibre and the flax-oil — linseed-oil— 
for the production of an ideal floorcloth, thus 
utilising all the product of the plant in one 
fabric. Jute, as the bulkier, softer, and cheaper 
fibre, displaced flax in the body of the floorcloth, 
but the method of manufacture remained 
iwacdically the same. 

Floorcloth is a canvas saturated and covered 
over with paint. Paint is a dry colour mixed 
with some kind of oil, and as linseed-oil is a quick 
drier, it is well suited for the floorcloth manu- 
facturer's ])urpos(\ Each coat of paint must be 
dry before the next is laid on, and if the paint 
did not hardt*n quit^kly, the process of manu- 
facture would be tedious and costly. The 
process of manufacture is very simple. The 
<*anvHs is primed — that is, coated back and front 
w'itli size. Tliti size is scoured smooth with 
purnie(*-Htone, and then the thick linseed-oil 
}>aint is applied thickly, and spread smoc^th 
with a trowel. After drying for 12 or 14 
days, it is smoothed well with pumice-stone, and 
eoati*d witli paint as bcfoie. Tla^ back is now 
solid ; a coating of size is apjdicd to the front 
side of the canvas, w'hic*li is tn;atcd in tbci same 
mamuT as the back. For high qualities as 
many as four coats of paint are 1 lid on the right 
side of the cloth. In tliis condition it is plain, 
and by giving it a coat of varnish w'c might send 
it out as plain floorcloth. But tlu* common 
tastt^ demands some kind of ornam(*nt. We 
therefore proceed to j)rint on th(‘ surface a 
pattern or design, by means of paint -(covered 
blocks, which leave tla^ (iolouri^d lines and 
masses standing out. in relief. When sufticiently 
dry, it is va-rnislu'd over, and again dried. 

Such is the old-fashioned process of floorcloth 
manufa(dure. We shall, wlu*n the w hole pro(;oss 
is being studied in detail, show tlu* various irn- 
prov(*ments made and inachin(*ry used in the 
mo<l(*rn factory ; l>ut, in the main, the methods 
are the same. 

Cork and Improved Linoleums. 

Though floorcloth had many merits, it failed in 
competition with carpets because of its hardne.ss, 
coldness, and lack of sound-deadening qualities. 
This led to many attempts being made to produce 
a softer cloth of similar manufaiflure. Tn 1844 
Elijah (Jalloway took out a patent for a fabric 
he named kamptulicotu made from ground cork 
and indiarubber, amalgamated by the action of 
heated rollers. Tliis fabric attracted coasidor- 
able notice when shown at the Exhibition of 
1862, and several factories were started for its 
manufacture. It was used in many great public 
buildings, notably the Houses of Parliament ; 
but the mah'rials of which the fabric wa« made 
rend(*red it costly, and beyond the reach of all 
but the w'ealthy classes. 

In 1860 Mr. Frederick Walton conceived the 
idea of making a substitute for indiarubber from 
linseed oil, and three years later took out a 
patent for the application of this material to the 
production of floorcloth. By melting oxidised 
linseed oil with kauri gum and resin, mixing the 
mass with ground cork, and rolling the material 



thus obtained on a canvas back, a floorcloth wtis 
manufactured quite equal to Galloway’s fabric, 
and much cheaper. 

The new floorcloth was namc'd linoleum., and 
had some succes.s, os wt^ll as rivals, most notably 
the fabric i5alled corticine, made by a similar 
process, but discovered independently. 

Later developments in linoleum manufacture 
have chiefly been in the dirtu^tion of n'lidering 
permanent and artistic the pat lerns and designs 
popular taste, demands on floor coverings — 
whether composed of floorcloth or car|H‘t. The 
stages of the progress linoleum manufacturers 
have made in this direction are intfuesting. As 
is well understood, a merely surface pattern 
quickly disappears 
from linoleum under 
the tread of many 
feet. To give an in- 
deli hie surface, Mr. 

Walton devised a 
cork covering com- 
po.sed of dilTcrent 
coloured gramiles, im- 
post^d on the canvas 
and pressed with 
heated rolhus, jn'o- 
ducing granite pat- 
tern. Next, the cork 
covering was made 
up of small pii'ccs, 
coloured to form a, 
design, and impressed 
on the hacking, tli(‘ 
result being a kind of 
mosaic. This, how- 
ever, lacked the plas- 
ticity demand('d by 
art, and otlu'f at- 
tempts were made, 
bringing out two 
methods of inlaying — 
one called the “grid,” 
and the otlua’ the 
“stencil.” In the 
one, the small pieces 
of differently colour 'd 
cork composition W(‘re 
definitely moulded ; 
in the other, they 
were coloured by a 
stencil process. The 
former, it was claimed, 
gave clearer outlines ; but for the* other, the 
merit of softer effects was asserted. 

Ropes and Twines. If antiquity or 
primitiveness be a merit, the ropemaker should 
take a high place. The art of spinning is merely 
a making of ropes ; weaving is th(^ plaiting of 
cords. Most probably the first of the textile 
industries, ropemaking was eertainly/the last 
to be noted by the inventor and the capitalist. 
Carried on in small country villages, or in the 
back streets of seaports — for purely local con- 
sumption — ropemaking was scarcely recognised 
as an industry till the beginning of the 1 9th 
century. Yet in the days before the steam- 
ship ropemaking was one of our greatest 
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imperial assets ; on the strength and toughness 
of her shrouds and cables the safety and power 
of the shij) dcpend(*d. vSouthey tells us that 
Nelson, just after he reiH'ived his d('rtth-wound, 
observed that the tiller-ropes of the Victory had 
l>een shot away, and ordcnMl new ones to be 
rove. Woolwich Arsenal originated from the 
rofHuy in which cables and sail tackle were made. 
All round the coast for ctmturit^s the rope- 
makei's and net-inakcrs ]iav(^ plitsl their 
useful (Taft ; but tluy made for honu! and 
lo(ral eunsumption only, and tli(»refore did 
not come within the purview of the 
statistician, the wealth they created passing 
unnoticed into the coffers of the Kmpire. 

Scope of the 
Industry. Twine 
and ropemaking is an 
industry which ex- 
tends much fartlier 
than most people arc 
aware ; it includes 
bootlaces, staylaces, 
and window' - blind 
cords ; twines, nets, 
liru's, and netting j 
f)ulley-ro[)es, driving- 
ropc's, crane - rop<*s, 
cahl(‘s and lunvsers ; 
win* r()])es, of steel, 
iion, brass, and cop- 
p(T, and many small 
sjM'cialities. 

Materials Used. 
Tb(‘ rof)e facitory is 
tlu* last resort of 
textile fibres r(‘jectcd 
bv the spinners of 
..fotll yarns. Rope- 
makers bav(' no rea- 
son to objert to this, 
because the pnu'tieo 
has brought to the 
ifiduslry many very 
useful and cheap 
fibres. Our raw 
materia Is com prise 

Tu^arly all tlie vege- 
table* libres, the sole 
coiiditiuTi of use 
required of any fibre 
being cheapness and 
suitability for either 
general or sj^eeial pui poses. In addition, ro})e.s 
are made of iron, steel, brass, and eoj)p(*r. Paper 
and glass could Ih> utilised, and might serve 
special purposes very well, but these materials 
have not yet been employed to any extent. 

Roperies. Primitive in its origin and 
essential character, the rope industry did not 
attract the machine inventor for a long time. 
Up till near tlie close of tho 19th century 

the ropo-spinner might have been seen w'orking 
on the open fields, in agricultural districts 
remote from railways and the tracks of trafiic. 
A lone figure comes w'alking backwards across 
the field, lengthening out a strand of rope at 
every step, while at the far end a lad is working 
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whorl, in the hook of which the end of the 
strand is fixed. From round his waist the man 
draws wisps of hackled hemp, and keeps twining 
it on to the strand, feeding with one hand, and 
with the other holdmg' and regulating. W(‘ 
need hardly observe him further, for that man 
has been practically unemployed several years. 

When rope-spinning ceased to bo an open-air 
industry, largely dependent on weather condi- 
tions, the jiath of the spinner was roofed in, 
and named the rope-walk. Here, under shelter, 
the work could go on all the yt'ar round, 
and machinery could be 
used. The simple whorl, 
with its single Jiook twining 
one thread or at rand, became 
a wheel driving many 
whorls, each one giving 
work to a spinner. Then 
spinning machinery gr(‘w 
up outside, and came in to 
change the function of the 
ropemaker altogether, or 
at least in great part. Where 
first-class and special ropes 
were wanted, the old rope- 
walk was retained, and the 
spinner continued his old. 
way ; but alongside, another 
rope-walk was built, and 
on the middle path rails 
were laid, along which ran 
an automatic spinner, 
called a traveller, twining 
the threads into strands and 
the strands into ropes. 

Where the old shed 
of the ropewalk stood, a 
« new factory, filled with 
spinning m ach i nory, now 
stands, and it also tends to 
grow. Add on to the twist- 
ing and reeling departments 
t wining and balling machines, 
for they are merely adapta- 
tions of the same principles. Next, the steam 
engine, or the electric dynamo, having come as 
our motive power, we construct rope-laying 
machines, vertical and horizontal, in which 
the principle of the twister has beim adopted 
on a large scale. As an adjunct to those, 
the closing machine, similar in construction, 
bvit simpler, is installed, and our rope and twine 
factorv is complete. 

Still extending our industry we add on a 
wing to th(? twine-spinning side, and therein 
instal machines for netting and plaiting, where 
fishing-nets and lacing bands of all kinds an^ 
made. On the rope-laying .side we may build 
another wing, and form a wire -rope department. 
Provided we possess the capital, the wire-rope 


venture involves no difficulty. Our machines 
are simply hempen rope-laying machines, only 
heavier and stronger. 

Principle of Rope>Spinning. Many an 
observant man has, no doubt, wondered for 
a moment at the firm consistency and solid 
structure of a rope. So far as one can see, 
there is no reason why the strands of a heavy 
cable should hold together. Weaving plaits weft 
and warp into unity ; but the threads of the 
strands of the rope, have been merely twined round 
each other by an impulse or force which must 
gradually lose its effect. 
According to rational ex- 
pectation, we ought to find 
some day our ropo slowly un- 
coiling and resolving itself^ 
into its original fibres. It is 
this tendency to uncoT which 
constitutes the unity of the 
cable. 

Fvery effort those little 
fibres make to free tliom- 
selves from each other binds 
them more tightly in the 
larger unity. 

if we try to break up a 
cable by loosening the 
st!“ands and threads, we have 
against us the natural effort 
(.)f the fibres to free them- 
sidves. A cable dies, not 
because the natural force in 
the fibres has been too 
strong for man's art, but 
for the opposite reason — viz., 
that the fibres have ceased 
to struggle, have lost the 
power of resistance. That 
is why a new rope is 
slrong(;r than an old one of 
the same quality. 

Summary of this 
Course. Our study of 
textiles up to this point has 
l)eon a broad revie\<^ of the various trades engaged 
in it, and a consideration of the raw materials 
ustxl, their sources of su])ply, and their cultiva- 
tion. In our next issue we begin a study 
of fibre treatment and proceed later to con- 
sider the manufactuni of yarns, the processes 
of weaving, and H]:)ecial manufactures, such as 
felts, carpets, hosiery, and laces. Attention 
is given in its proper place to the prepara- 
tion of artificial fibres, w'hich constitutes one of 
the most marvellous applications of chemistry 
in modern industry. Tlie concluding section 
is a comprehensive digest of the modem 
practice of dyeing, which seems every year to 
remodel itself and take advantage of the latest 
diseoveriiy's in synthetic chemistry. 
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By Dr. GERALD LEIGHTON 


The Survival of the Fit. Wo may 

well believe that in the ages that are gone. 
w4ien man was a primitive savage, the conditions 
wliicii d<5tormined his survival were widely 
different from those aeting upon the eivilist^d 
man of to-day. The laws of (heir application 
w'ere doubtless identical, the acdual eouditions 
different. Survival in those periods depende*! 
mainly upon physical strength and a<!tivity, 
great powers of bodily enduranec*, k<*ennes3 of 
vision, and the other qualities wliich we 
associate with the life of the savage. Violence 
and privation were th<;n active agents of 
sel(‘.ction, and thosci lasst able to withstand iluun 
survived. 

But the ease is different to-day. The.se 
conditions are no longer selective in civilised 
lands. The weakling, the stupid, or the blind, 
if born in a superior position, has a better ehanec 
of survival than many a strong('r individual 
born to poverty. Selection along the old lines 
has ceased, the ra<!C is not necessarily to the 
swift nor tl)e battle to the strong. But this 
does not mean tliat selection is no longer going 
on. Individuals do not, even now, all live to 
old age, or even to maturity. Immense*- luimbers 
still perisli both hefort; maturity and during the 
time of their ability to have offspring. There 
is still a tremendously powerful agent of 
selection at work amongst civilised men, or 
amongst those who come into contact with him, 
and that agent is infedive dismse. In most 
countries infectious diseases arc so prevalent 
that no individual escapes infection unless ho 
be immune, nor death unless he has some degri*e 
of resistance. 

The Causes from which Men Die. 

The only way in which wo can lind out the 
direction in which a s])ccies is evolving is to 
observe the characteristics of those individuals 
that perish, and comimre them with tliose of 
the survivors. We thus discover the traits 
which determine survival. 

This is the precise difficulty with plants and 
animals in nature. Their deaths may lx? due 
to any one of a number of causes acting upon 
some individual deficiency of which we are 
entirely ignorant. Most plants and animals 
are destroyed by some agency or other before, 
maturity. Only a few, even of the fit, are 
allowed to survive. The majority of the 
deaths amongst them are probably hap- 
hazard. It was this fact which doubtless 
caused Lord Salisbury to deny the existence of 
natural selection. 

But we know man much better than any 
other animal or plant. The peculiarities of 
every human being are, of necessity, noted 


before his death by some of his contemporarii's. 
His offspring and descendants are also under 
close observation. For some thousands of 
years the chief (;aus(‘s of mortality among his 
races have In't'n studied with anxious attention. 

During rei-ent years very precise scientific 
methods have l)i‘en adopted. An army of 
traineil and exp( ii('m*ed medical workers has 
d<‘lv(‘d in almost i‘very nook and cra.nny of th(5 
U(»rld, and in all eivilisc'd (!ountri(vs a (lovern- 
ment department lias tabulated tlio residts of 
th(‘ir laboui’s. We know now ])re('isely the 
eanses from which men di(*, we know approxi- 
mately tlu* number of deaths duo to ea<-li i-ause, 
and the averagi* ag(‘s at Avhich men die from 
this or that cause. Wt^ have, therefore, 'ample 
materials on which .to found a jutlgment as to 
tlie elha'ts produced on desc(*ndaiits, and, 
tlu‘r(‘fore, on the rac*(‘, by these j)reeiH(*ly 
ascertained and tabulated causes of elimination. 

Haphazard Deaths Rare. “ Jii the 
great majority of instances,” says one writer, 
*’ men, especially civilised men, ])(‘ris]i of disease. 
Haphazard deaths, comparatively speaking, are 
vt‘ry rare*. Mort'over, whei'O men live in dense 
and settled masses, and so can take disease 
from one anotlu'r, the great majority' of deaths 
are duo to zymotic dis(‘ases — to diseases caused 
by minute living organisms. 

‘‘If f‘ver natural selection has been at work, 
wo shoulrl s«‘e its processes diunonstrated by 
the fainilar (Piuses of d(*atli among living 
beings we know lu^st. It is universally 
admitted that men differ greatly in tlieir sus- 
eeplibility to infection and in tlieir powers of 
subscipient n*sistanee. If, th(‘n, a lethal disease 
he vc‘iy prevakait, it is evident that it jiresimts 
a very stringent form of natural sek*etion. 

“Jn England, for tveampk*, hardly anyone 
escapes measles, whooping-cough, or tuber- 
eulosis, unless be immuru*, or d(*ath unless he 
bo resistant. Whonevt'r any form of selection 
is stringent, it is accompanied by an evolution 
of those (jualities which enable the survivors to 
eseajM'. Jt follows, in the case of disease, that 
selection should cause an evolution of an inborn 
power of resisting infection, or of an inborn 
power of recovering from inh.'ction. The two 
qualities are quite distinct. They are also 
useful against quite distinct diseases.’’ 

The Two Kinds of Disease. We may 
regard diseases in thisconru'etion as of two kinds : 

1. I'hose against which the patie nt can 
acquire, some degree of immunity by recovery 
from an attack ; for example, smallpox, measles, 
scarlet fever. 

2. Thos(j against which no power of resistance 
can be acquired by the individual. 
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Now apply the theory of natural selection 
of those individuals that are Ixist fitted to 
survive, and observe the result. Note that 
though one attack of disease of the first kind 
asually. confers individual immunity, yet in 
such cases th(^ race never attains to immunity. 
Each succeeding generation remains susceptible 
as to infection as the preceding one. Thus 
Englishmen who, on rcH^ovcry from iiu'asles, are 
individually immune, have olTspring who are as 
susceptible to infection as w(ire their parents. 

Immunity. This hai)pens in spite of the 
fact that individual Englisbiiuui have acquired 
immunity fj'om attacks of measles in childhood, 
and that this has gone on for generations. But 
measles is an agent of selection. It eliminates 
and weeds out those who cannot acquire immunity 
against it, and tluTefore the direction the evolu- 
tion takes is towards an increase of tlio 'imver 
of acquiriiuj immunity. That is to say, those 
individuals which had inborn in them the 
greatest resisting power are the fittest to survive 
in that jjarticular environment, and do survive*, 
transmitting their inborn resistance to tb(‘ir 
descendants, the result being that the race 
increases its power of a(;(|uiring immunity 
against measles, which, therefore, in time 
becomes a comparatively trivial disease for 
that race. 

But if measles be introduec^l into a new en- 
vironment — for example, among a race such as 
the Polynesians, who Jiave had no previous 
experience of it, amongst whom there has 
therefore been no selection of the fittest in this 
connection — what is the result ? The disease 
may wipe out a whole tribe. There has been 
no opportunity for natural selection to evolve 
the power of acquiring immunity. Eor that 
reason, though Englishmen are as susceptible 
to infection by measles as Polynesians, th(‘y 
recover from it much more easily. 

Consumption as a Factor in Evoluton. 

On the other hand, observe what has taken pla(;e 
with regard to those diseases against which the 
individual is unable to acquire a personal im- 
munity, such as tuberculosis. Look again at the 
human race. For hundreds of years con- 
sumption has ravaged the Old World, and more 
espt^cially the crowded parts of it, such as 
England. But Englishmen now increase in 
towns and crowded cities, the natural breeding- 
place of consumption. 

Under similar conditions of life the natives 
of the New World, where until recently consumj)- 
tion was unknown, perish. When they are 
infected wdth consumption from -white men 
they tend to extinction even in rural districts, 
not to mention in cities. Plainly there has l>cen 
a great evolution, hut as plainly it has resulted 
from the survival of the fittest by natural 
selection, and not from the transmission of any 
acquired characters. 

There has been an inborn immunity evolved 
in this case as the result of long exposure to the 
selecting agency of the disease. So the English- 
man has evolved his capacity to resist the 
infection of consumption and to gain the power 
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of recovering from an attack of measles. The 
argument applies equally to animals other 
than man, and to agencies other than disease. 

In the face of such facts as the foregoing it 
is impossible not to recognise the existence of 
the principle of natural selection, and wo 
may proceed to note briefly other objections 
which have been brought forward against 
Darwinism. 

The White Ruler of a BlacK People. 

The swamping effect of intercrossing has been 
regarded as one of the moat formidable diffi- 
culties of the Darwinian theory. According to 
this objection, even where a very advantageous 
variation occurs in otfspring, it would seem that 
this is just as likely to disappear in succeeding 
generations as to ])ersist and he selected. It 
would tend to disappear as the result of inter- 
crossing. It was urged that the saints variation 
d(x*.s not occur simultaneously in a numlier of 
individuals inliahiting tlie same area, which 
would he necessary in order that the variation 
might be handed on by h(‘n^dity. 

The difhciilty is illustrated by the hypotlu^ti- 
cal ca.se of a wliito man becoming the ruler of a 
black population, his whiteness representing 
the advanlagi*oiis variation. As the result of 
his mating with a black woman his offspring 
would he yellow, and in course of time the 
variatifin would he swamped by intercrossing 
and the royal family would be black again. 

This objection lias been met by the supposi- 
tion that the advantageous variation does 
occur in a sufficiently large number of individuals 
c'lt the sami? time, and examples of this are given 
l)y Dr. Wallace in his work on “ Darwinism,” 
to which oiir Headers are referred for further 
details on the point. 

The Effects of Isolation. The im- 

j>ortanco of the isolation of a portion of a 
species in the })rooess of organic evolution has 
been insisted upon by various writers, notably 
by Romanes. Isolation of those individuals 
who exhibited any special variation would 
undoubtedly preserve such a variation. More- 
over, complete isolation involve.s the idea that 
new competitors as well as enemies are not a 
factor in the ease, and, in the absence 
of these, intercrossing would be prevented. 
Isolation, to prevent the effects of intercrossing, 
is, of course, rigidly practised in artiffcial 
breeding by selection. 

The point is, how far does the same factor 
operate in organic evolution in Nature ? It 
Iiappens in cases where any particular species 
reach oceanic i.sland8 and places where adapta- 
tion to new environments becomes a necessity. 
It is significant that such islands arc very rich 
in distinct species. It is quite evident that 
some form of the isolation of new variations is 
a necessity for their persistence, otherwise they 
would be lost. But this isolation may be 
attained in other ways than geographically 
— for example, by physiological sdection of 
individuals. 

We still require more precise evidence in 
regard to the swamping effects of intercrossing 
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where there is no isolation. All that is necessary 
here is to draw attention to this aspect of the 
evolution problem. 

Darwin himself, in liis “ Origin of Species,” 
admits that “ isolation is of considerai>le im- 
portance in the production of new species,” 
though he was, on the whole, iiielined to 
believe that largeness of area is of more im- 
portance.” 

There are other minor difficulties which havt'. 
Ijeen advanced from time to time against the 
full acceptance gf Darwinism, but tliey belong 
rather to the detailed study of the subject, anil 
we must read the original writings of Darwin 
and Wallace to appn'ciate tlu*m. Indeed, 
those works should b(5 ivad by ev(*ry educated 
man. They are fascinating in themselvt‘s and 
epoch-making in their history. 

The Evidence from Geology, Here, 
however, we must l(‘av(^ Darwinism for the 
pr(‘sent, and turn to a dilfcTent aspect of organic 
evolution. From the ])r(\s(‘nt we turn to th<‘ 
past, from tlie living to tlie dead, from the story 
of the nations to the story of th(‘ rocks. In them 
also, if we read the signs ariglit, will be found 
])recisely analogous evid(‘nc(‘- of tht^ universal 
law of (n'olution in the world. 

In tlic (‘arly ])art of this course we saw' that, 
in order to gain a complete history of any 
species, it was n(‘c(‘ssary to study what is known 
of its distrihution in the bygone ages. This 
aspect of biology is neees.sarily contiiK'd mainly 
to creatures which have or had a hard skeleton, 
which, though buried for many (icnturies, still 
is sufficiently y)reserved to indicate, its struct iin*. 
The study of the distribution of species from the 
point of view of tinu^ is termed PnUr^ontologif^ 
and it is bound up with that of geology. In 
order, therefore, to fully appreciate this part 
of our task w'c must n'ad also the section of 
this work dealing w'ith geology. 

The Story Told by Fossils. From 
what we have already learnt of the theory of 
organic evolution, we have come to the con- 
clusion that animals have gradually Ix^come 
complex from more simple forms. We know 
that this eomplexi y has not been an uninter- 
rupted progress, but that, from various eaus(‘s, 
animals have beeii extinguished from time to 
time, sometimes on a very large scale, and that 
they have also undergone degeneration in 
certain directions as well as progress. 

The study of geology introduces us to extinct 
animals. Indeed, in some groups we iiiid that 
there are more extimd; species than existent ones. 
It is therefore to be expected that evid(‘nce of 
organic evolution will be abundant amongst 
fossil forms as w^ell as in the sjx*cies now inhabit- 
ing the globe. We may reasonably liope to 
find forms which, as it wtTe, fill in the gaps 


between existing species and their remote 
ancestors, forms which may be regarded as con- 
notating links between various sptxnos still 
existing, evidences of the actual variations 
which have Ix'en the stepping-stones to the 
modern forms of life. 

To a certain extent the study of Paheoritology 
satisfies the.se expectations. But many gaps 
still remain unfilled, and tlu? connecting links 
in many cases are still to be found. Some urge 
this incomjdeteness as an argument against 
(organic evolution, but, considering the eom- 
parativTly short time which has elapsed since 
search has lu'cn systematically made in this 
din^ction, and tlu^ enormous area in the world 
ojKui to invi'stigation, tlu) real wonder is the 
('uormous mass of mat/crial which has already 
b(‘(‘n collected. 

Why the Record is Imperfect. A 

munumt's thought will show us that a number 
of favourable (conditions are necessary in order 
that the species of any giv(‘n age may be ade- 
qiiat(‘Iy preserved. “In the first place, the 
animals to be preserved must not die a natural 
death by dis(*as(*, or old age, or by being the 
pivy of other animals, but must be destroyed 
by some accident which shall lead to their i:>eing 
embedd(‘d in th(c soil. 

“ 'J'hey must, be either carried away by flotxls, 
sink into bogs or (piicksands, or lx? enveloped 
in tlie mud or aslu's of a volcanic eruption ; 
and w^hen thus ('inb(?dd(‘d they must remain 
undisturbed amid all tlie future changes of the 
earth’s surface. But the ehanees against this 
are (‘Uormoiis, because denudation is alw'ays 
going on, and the rocks w c now' find at the earth’s 
surface arc <»nly small fragments of those w’hiidi 
were originally laid down. ... In view 
of such destruction wc are forced to conclude 
that our jiaheontological collections, rich though 
they may appi?ar, are really but small and random 
samples, giving no adeipiatc idea of the mighty 
series of organisms which havt? livc;d upon the 
earth. 

“ All that w'(‘. have a right to expect is that, 
as we multiply the fossil forms in any group, 
the ga|»s that at first i?xistcd in that group shall 
lM‘c(nne less w'id(‘ and less numerous ; and also 
that, in some eases, a tolerably direct series 
shall be found, by which the more specialised 
forms of till? present day shall be connected with 
more gimt'ralised ancestral types. . . . Now, 

evidenc^c of evolution of these varitxi kinds is 
wffiat wo do find, and almost every f n?sh discovery 
adds to their number and cogency.” (Wallace.) 

It w ould be (pjite bc^vond thi'. scope and object 
of this course to enter into a minute description 
of the fossil forms of lift? ; all we desire to do is 
to ascertain their bearing on the problem of 
organic evolution, and the kind of evidence 
they afford. 


Continued 


1031 



p, Group 20 

MATERIALS & 
STRUCTURES 
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OILS. PAINTS. VARNISHES 

Oils and Fats. Paints. Varnishes. Spirits. Distemper. Size. 

Wax. Resin. Turpentine. Pitch. Creosote. Paraffin. Benzine. Etc. 

Coiitluut'd from pjigp Hl.'l 



By Professor HENRY ADAMS 


Oils and Fats. Tlio term oil is a generic 
expression em))racing the liard, solid, ofiourJess 
waxes, tallows, and fats, the viscid fluid oils, 
the odorous essential oils, and the solid, fluid, 
and volatile hydrocarbons obtained in Nature or 
by destructive distillation. 

The subject may be divided into three' well- 
defined groups — the fixed oils and fats, the 
mineral oils, and the essential or volatile oils. 

Fixed or Fatty Oils. The fired nr 
fatty oils, although varying considerably in 
exk'rnal appearance, really form a distinct and 
homogeneous group of subtancos fiaving great 
Bimilarity of chemical composition. As found 
in commerce, oils possess a faint, characteristic 
taste, a slight odour, and some colour, g(‘nc‘rally 
brownish-yellow. 'Phese eliaractoristies, how- 
ever, are due to certain impurities. In a really 
pure condition most oils have scarcely any 
characteristic taste, odour, colour, or physio- 
logical influence. 

The ordinary method of separating vegetable 
oils and fats from nuts, seeds, etc., of which 
they form constituent j)arts, is by pressure, 
with or without the assistance of h(*at.. Tlicy 
are also obtained by the agency of solvents, 
principally by the use of bisulphich? of carbon 
and the light petroleum spirit, benzine, these 
being methods of production of comparatively 
recent introduction. Fixed oils are used very 
extensively in the manufacture of soa])s and 
perfumery. OtluT purposes for whicii they are 
largely used are burning, lubricants, paints, 
varnishes, in the manufacture of linoleum, etc. 

I#inseed Oil. Linseed oil is a dark yellow to 
amber-coJoitredoiJ obtained by pressing the seeds 
of the tfax plant. Late linseed oil is produced by 
steaming the crushed linseed before removing 
the oil. Boiled linseed oil, which is darker and 
dries more quickly than raw oil, is produced 
by boiling the raw oil with litharge or a similar 
substance. It is pommonly called simply 
boiled oil. Linseed oil is largely used in paints 
and varnishes, and also in the manufacture of 
linoleum, etc.. The refuse after the oil is ])res8(?d 
out is in the form of slabs called oilcake, used for 
fattening cattle. 

Olive Oil. Olive oil is a greenish -yellow 
fluid obtained by pressure from the fruit or pulp 
of the common olive tree, and may be divided 
into three kinds ; (1) Virgin oil, which is the pro- 
duct of the first pressing without the application 
of heat, etc. ; (2) ordinary olive oil, or stveet oil 
which is obtained from the second pressing after 
subjecting the pulp to boiling wat^r ; and 
(3) Pyrene oil, which is a greatly inferior oil 
produced by a third pressing. Olive oil is 
extensively used in liniments, ointments, etc., 
in medical work, as a salad-dressing, and in 


cooking, while the poorer kinds are used for 
lubrication, illumination and soap-making. 

Castor Oil. Castor oil is obtained from the 
seeds of the castor (^il plant (Ricinus communis) 
by first passing th(‘m btdwcc'U rollers, and then, 
after ])lacing in hcnq^xai bags, subjecting to 
pressure* in a powoj’ful press, which squeezes 
out the oil. 1’his oil is afterwards raised to 
boiling point in order to separate the impurities. 
When purified it is used as an opening medicine. 
In its raw state it is sometimes used as aluhrioant. 

Cotton>seed Oil. Cottonseed oil is the 
name given to the oil expressed from the 
seeds t)f the various cotton plants. The seeds 
are linst S(‘paratod from the fibre, and then 
crushed, the oil obtaint'd elos(‘ly r(*s<‘mhling 
olive oil, as a suhstitiitt* for which it is (dten used, 
(’otton cake, which is the substance left after 
the oil has bei‘n ])rodueed, is extensively used 
us a manure, and also as a food for cattle. 

Palm Oil. Rabn nil is a fatty oil obtained 
from vjirious palm trees, (diiofiy fjom the fruit 
of the oil palm, of tlio West of Africa, by the 
tribes of wldcli it is used for butter. It is 
(‘luployed for lubricating machinery, and also 
in the manufacturi* of candles, soa]), etc. 

R.ape Oil. Rape oil, also called colza oil 
and rape seed oil, is a thick, yellowish oil obtained 
from the seed of the rape plant. It is chiefiy 
used for lubrication and in the manufacture of 
indiarubbi'r, and, to a limited extent, for 
illumination. 

Cocoa-nut Oil. Cocoa-nut oil is a white, 
solid substance obtained from the cocoa-nut 
palm, and when subjected to pressure, is divided 
into two parts, one liquid and the other solid, 
the latter being known as cocoa stearin and used 
largely in the manufacture of candles. Cocoa- 
nut oil is also used in making marine soap, which 
lathers in sea w'aler. 

Tallow. Tallow is an animal fat derived 
mainly from sheep and oxen, and consists chiefly 
of stearin, palmitin, and olein. The tallow 
known to coiiiuktcc is ncjarly always of a yellow 
ttolour, but animal tallow, when pure, is white. 
Commereial tallow is divided into several kinds, 
the best of which are used for candle-making, 
while the inferior qualities are used in the 
manufacture of soap, for dressing leather, 
and similar purposes. The purest is knoum as 
Russian tallow. 

Margarine. Margarine is a substance 
extracted from hog’s lard, and also from the 
fatty matter of various vegetable oils, the 
better qualities of margarine being obtained 
from olive oil, and consisting of stearin and 
palmitin. It is used for a substitute for, or an 
adulterant of, butter. Pure butter is produced 
by the churning of cow’s milk. 
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Lard Oil. Lard oil is a colourless oil ob- 
tained from hogs’ lard. It is used for lubrica- 
tion and burning, for adulterating sperm and 
other oils, and in some places, espt'cially the 
United States, for the manufaeturo of soap. 

Sperm Oil. Sperm oil, which is an abbre- 
viation of spermaceti oil, is, as its name implies, 
obtained from the spvrmaceti or sperm whah‘. 
It is used as train-oil, but not so exU'nsividy as 
the oil obtained from the eojnmon wlial**, which is 
known as whale oil. Sporm oil is also us(*d as a 
lubricant. 

Mineral Oils. Mineral oils are mixtures 
of hydrocarbons whi(!h are o})tained directly 
from mineral sottrees, thus difftuing from the 
essential and fatty oils wlii(ih are of vt‘getabl(^ 
and animal origin. Petroleum is the real mineral 
oil, and it is from this that llie other oils are 
derived as described further on. 

Essential Oils. The essential or volatile 
oils constitute a very extensive class, which 
possess, in a concentrated form, the odour charac- 
teristic of the plants or vegtdable suVistanoes 
whence tlu^y are obtained. They are for the 
most part insoluble in water, or soluble only 
Hf)aringly and with difficulty ; hut in alcohol, 
ether, fatty oils, and mineral oils, they dissolves 
freely. In many important respects tliey differ 
from the fatty oils ; tbey are not oleaginous to 
the touch, and make no permaneiii grease spot, 
they have an aromatic stm*!! and a hot, burning 
taste, and in chemical constitution they present 
no relationship to the fats and oils. 

E8S(mtial oils have a wid(5 range of uses, of 
which tlie principal is in perfumery. . 'I'he value 
of flavouring herbs, condiments and ‘spiet's is 
due in larger measure to these oils which they 
contain, and further the (iommenual value of 
tea, coffee, wine, and other beverages is largely 
dependent on the delicate aroma which they 
owe to minute (piantities of such oils. For tlui 
flavouring of liqueurs, acrati^d bevt'rages and 
other drinks essential oils are ust'd, and their 
employment is not Jess important in the nianu- 
faeture of confectionery and in (lu^ preparation 
of many dietetic articl(*s. In the arts tiu^ 
cheaper oils, such b oil of turpentine, are used 
in the manufacture of varnishes, and oils of 
turpentine, lavender, and 8j)ikc are used as 
vehicles for painting, more particularly for the 
painting of pottery and glass. 

An emulsion is a mixture of liquids where 
one is suspended in the other in the form of 
globules, both liquids being insoluble in each 
other, as, for instance, oil and water. It may 
also be a mixture in which a liquid contains 
solid particles in suspension — as, for example, 
camphor emulsion. 

Wax. Wax is a solid, fatty substance of 
animal and vegetable origin, allied both in 
sources and constitution to the fixed oils and 
fats, from which it differs principally in its 
greater hardness and higher melting-point. Of 
wax from animal sources there arc in commerce 
blieswax, which is by far the finest, Chinese 
insect wax, and spermaceti. The more im- 
portant vegetable waxes are Japanese wax, 
myrtle -berry wax, carnauba wax, and palm wax. 


MATBRIAL8 AND 8TRUOTURB8 

Beeswax. Beeswax is secreted by all honey 
bees, and by them formed into the ceil walls and 
other parts of their comb. It is separated by 
draining the honey, melting th(‘ drained comb in 
boiling water, and eolk'cting the wax which 
solidities on the to]) as the water cools. Tn tliis 
state it is formed into cakes of raw or yellow 
wax, good examples of whi(th are of a light yellow 
colour, translucent, with a faint odour of honey. 

The ustvsof beeswax arc multifarious, but it is 
most largely consumed in making eaiidli's for (he 
religious servi(u‘s of the Homan Catholic and 
Orthodox <ire(‘k Christians, and for wax figures 
and models. 

Chinese Insect Wax. 'Diis wax is a 
seor<‘tioii d(q)osited by an insect on the twigs of a 
s])eeies of ash. The wax is, in its origin, etc., 
c'losely relatecl to the lac. ])roduco(l by the allied 
sjH‘eies of ntcrus. When separated from the 
twigs, which it (‘nerusts, and piiritic'd, it is a 
hard, translucent, white, crystalline body, 
similar to spermaceti, and in composition con- 
sists of cerin, on(‘ of the constituents of beeswax. 
It is little known in FiUropc, but forms an 
imptwtant tratlt‘ in (ffiina and Japan, where it 
is larg(‘ly used for eandk^- making and for 
mediei na I j airpost's. 

Japanese Wax. Japanese wax is a hard, 
Avax-like fat, obtained from the small stone 
fruits of several species of rhus cultivated in 
Japan. It is not a true wax, but consists 
})rincipally of the glycerine ])almitin with small 
}>roporti()ns of stearin and disseminated crystals 
of frt‘e })almitic acid. It is largely mixed with, 
and used as a substitute for, beeswax, exeoj)t 
for uses where its rancidity naiders it objection- 
able. 

Myrtle«*berry Wax. Tliis Is obtained 
from the fruit of several species of myrica, in 
the Unitc*d Stat(‘s, New Cranada, Venezuela, the 
(^ipc of Cood Hope, (*tc. It is a hard, gn'cnish 
substanet*, with a pleasant, balsan\ic odour, and 
consists principally of free ])almiti(! acid with a 
little stearic acid and myristic acid. It is con- 
sumed principally in tin* United Stat/(‘s in com- 
binalion with beeswax for caiidle.s. 

Carnauba Wax. Uarnauba wax is an 
exudation on the surface of the growing leaves of 
the carnauba palm of tropical South Amc^rica. 
Tlic wax is obtained by cutting off and drying 
the young leaves, from whicdi it is then shaken 
as fine dust, and caked by melting either over 
an open fire or in boiling water. It is a substance 
of considerable commercial im])Ortance in Brazil, 
whence large quantiti(?s are s(*nt to ICurope for 
use in the candle trade and otherwise, as a 
substitute, for beeswax. 

Palm-tree Wax. . Palm-tree wax is an 
exudation formed on the stems of certain 8outh 
American palms. As scraped from the trees and 
compacted by melting, it is a mixture of resin and 
wax. Jlie pure wax, which is used for candles, 
may be separated by digesting with boiling spirit. 
This wax is little seen in European commerce 

Spermaceti. Spermaceti is a solid, waxy 
body found in special cavities in the head of the 
sperm whale, where it is held in solution by 
sperm oil while the creature is alive. Sperma- 
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oeti candles of definite size are employed as a 
standard for illuminants on account of the uni- 
form, steady light they afford. The suVjstance is 
further used in the dressing of fabrics, and in 
medicine and surgery. 

Resin. Renin is a secretion formed in 
special resin channels or passages of plants, 
from many of vvhicli, such as coniferous trees, 
it exudes in soft tears, hardening into solid 
masses in the air. It is also obtained by making 
incisions in tlie bark or wood of tlie secreting 
plant. Certain resins are obtained in a fossilised 
condition, amber being tbe most notable instancje 
of this class, and African, copil and the kauri 
gum of New' Zealand arc also procun'd in a semi- 
fossil condition. The nvsiiis which arc obtained 
as natural exudations arc in general compound 
bodies containing mon? than om* simple rc'sin 
and varying proportions of csscmtial oil. Thevse 
compounds, when soft, arc known as oieo-resius, 
and when imperfectly fluid, th<‘y are ealknl 
balmnin. Other resinous products are, in their 
natural condition, mixed with gum or muci- 
laginous suhstances, and known as gum-resins. 
A typical resin is a transparent or translucent 
mass, with a vitreous fracture and a faintly 
yellow or brown colour, inodorous, or having 
only a slight turpentine odour and taste. A 
series of gradations among resins may he traced 
from the hard, glassy, transparent <;(>pals through 
soft olernis and oleo-resins, semi-fluid balsams, 
and fluid wood oils, to the most limpid essential 
oils. The hard, transparent resins arc used 
principally for varnishes and cement, Avhile tlu^ 
softer, ocloriferous oleo-resins and gum-resins, 
containing eessntial oils, are more larg<‘ly used 
for pharmaceutical purposes and incense. 

Amber. Amber is a fossilised resin, of a 
pale yellow' to reddish colour, the product of 
extinct varieties of pine trees which formerly 
grew' w'here the Baltic Sea is situated, and by 
the waves of which the amlior is now cast upon 
the surrounding shores, more especially on the 
Prussian coast. It is used chiefly for making 
beads, broooh<*s, and the mouthpieces of pipes, 
and when heat(;d with nut oil and thinned with 
turf>entine, forms amlau* vaniish. 

Copal. Cojml is a hard, lustrous, amber- 
like resin, which, when dissolved in turpentine 
or alcohol, forms one of the most valuable 
varnishes. are many varii^ties, as Mada- 

gascar copal. Sierra I^one copal. South Ainoricaii 
copal, etc., but by far the most important — from 
a commercial point of view' — is Zanzibar, or 
East African copal. It is found in two distinct 
conditions : the hrst, raw or recent, called cfmkaze, 
corrupted to “ jackass copal;” the second, the 
true, or ripe copal. IMie raw' copal is obtained 
direct from the trees or at the roots, and is not 
used in Euro|>ean commerce. The tnie, or fossil, 
copal is found embedded in the earth to a depth 
of three or four feet in places where not a triH? 
is to be seen. 

Canada Balsam. Canada balsam is a 
colourless resin, secreted in the form of a liquid 
under the bark of the balsam fir tree of North 
America, from which it is obtained by puncturing 
the bark. It thickens W'ith age, and is used in 
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making varnishes, but as it remains transparent 
permanently, it is chiefly used for mounting 
small objects for use under the microscope. 

Turpentine. Turpentine consists of the 
oleo-resins which exude from certain trees, 
e.specially from some conifers, and from the 
terebinth tree (Pistacia Terebinths). It was to 
the product of the latter, now' known as Chian 
turpentine.^ that the term was first applied. 
Chian turpentine is a tenacious, semi-fluid, trans- 
parent body, yellow to dull brown in colour, 
Avith an agreeable, resinous odour and little taste, 
and on exposure to the air it becomes dry, hard, 
and britth*. In th(*ir general characters, turpen- 
tine's are soft solids or semi-fluid bodies, consist- 
ing of a mixture of one or more resins with 
(‘ssential oils. 

Oil or spirit of turpentine, pine oil, or turps, 
a.s a commercial product, is obtained from all or 
anj'^of these oleo-resins, but on a large soak? only 
from ea'iide or common turpentine. The essen- 
tial oil is rectified by distillation with water and 
alkaline carbonates, and the Avatcr which the 
oil carrit'S over with it is remov'cd by a furtht*r 
distillation over calcium chloride. Oil of tuf- 
pentine is a colourless liquid of oily consistency, 
with a strong odour and ht>t, disagreeable taste. 
On exposure to tbe air it dries to a solid resin, 
and when oxidised in tbe presen(;e of water, gives 
off peroxide of hydrog(*n, w'hieh is utilised in the 
preparation of the disinfectant called “Sanitas.” 
Oil of turpentine is largely used in the prepara- 
tion of varnislies, and as a medium by painters 
for their “ flat ” colours. 

Rosin, resin, or colophony, is the residin' left 
behind after the oil of turpentine has been 
distilled off from crude turpentine. It varies in 
colour from white to dark brown, according to 
the purity, the age of the tree, and the heat used 
in the preparation. It is used as a flux for solder, 
for rubbing on violin -bow's, for combining with 
tallow' in candle-making, also in inferior varnishes 
and sealing w'ax, as well as in the manufacturii 
of the common yellow soap. 

Alcohol. Alcohol is a volatile organic 
body, constantly formed during the fermentation 
of vegetable juices containing sugar in solution. 
It is extracted from spirituous liquors of different 
kinds by successive distillations. The alcohol, 
being more volatile than water, gradually 
a<?cumulntes in the first portion of each distillate. 
After a few' operations, the spirit obtained is 
as strung as it can be made by this process, and 
further repetition does not separate more water 
from it. In commerce, the strongest spirit is 
krlowTi as spirit of wine, and contains about 90 
per cent, of alcohol. The remaining 10 per cent, 
of water must be removed by some chemical 
agent that will combine with water and retain 
it at the boiling point of the spirit, and be 
W'ithout any specific action on the alcohol. Lime 
is generally used for making the absolute alcohol 
of commerce. For this purpose the caustic lime 
is broken into pieces about the size of a walnut 
and placed in a retort, spirits of wine is now 
poured into the vessel, just sufficient to cover 
the lime, and the whole is left for a night, during 
which time the lime gradually slakes from the 



absorption of water, and the anhydrous alcohoi 
is left to distil off. 

Absolute or pure alcohol is a colourless liquid, 
of a pleasant smell and acid, burning; taste, with 
a. specific gravity of 0*704. It niix(*s with water 
in all proportions, is a solv(*nt for organic 
principles, bases, resins, oils, etc., and as such 
has an extensive use in the arts and in iiiedicinc. 
Different grades of alcohol arc sometimes 
designated in trade according to the source from 
which they are derived, as grain alcohol, prepared 
from maize or other grain ; root alcohol, from 
potatoes and beefs, and moss alcohol, which is 
made in large quantiti(\s in Russia, Norway, and 
Sweden. Proof spirit contains 49 3 per cemt. by 
weight, or 57‘1 per cent, by volume of pure 
alcohol ; overproof and underproof are desig- 
nations of a stronger and weaker solution respec- 
tively. Distilled liquors or ard(‘ni spirits, such 
as whisky, brandy, and gin, contain 40 to /)0 
per cent, of absolute alcohol, winc's from 7 to * 26 , 
porter and ale from 5 to 7, and b(*er from 2 to 10 
per cent. 

Methylated Spirit is a mixture of ordi- 
nary spirit of w*inc or alcohol, Avith one-ninth 
of its volume of Avood-naphtlia {nuihpJic alcohol). 
The naphtha communicates a (lisagrec'able 
flavour Avhich renders the sjui it unfit for drinking. 
It is of much us(^ in the arts as a solvent, for 
preserving Kpt'cimens, in the manufacture of 
varnishes, for burning in spirit lamps, etc. 

Lac. Seed’lac is ol)taincd from stick lac, 
which is the name given to tlu' resin-covered 
twigs of various trees of Southern Asia, by 
removing the; resinous substance from the 
tw’igs and grinding to a line ])owdcr in water, 
which dissolves the greater ])art of tlu^ coloiiring 
matter, leaving tlu^ granular residue which, 
after dryuig, is the seed -lac. 

Shellac is secd-lac melted, strained through 
thick canvas, and fornuid into thin layers or 
plates. Shellac, which varies in colour from 
a dark amhe^r to an almost pure black ap[)earancc, 
may be bleached by dissolving in a boiling ly(* 
of caustic potash and passing chlorine through 
the solution till all the n'sin is f)iecipital('d. 
Lac is a principal mgredient in scaling Avax, and 
forms the basis of some of tin? most valuable 
varnishes, besides being useful in various cements. 
Though lac is to be found everywhere, British 
imports are almost entirely draAvn from Calcutta, 
which derives its supply chiedy from the hills 
of Chutia Nagpur, but also to a less degree from 
Assam and Mii'zapur in the North-Western 
Provinces. 

French Polish. French jxdish is a lic|uid 
used for polishing wood, prepared by dissolving 
shellac and a little colouring matter in methy- 
lated spirits of wine. J t is applied Avi th a sponge 
or rag, and the surface is then rubbed very 
thoroughly with a soft pad, sticking being 
prevented by an occasional touch of linseed oil 
on another rag. The operation is usually 
repeated two or three times, to prevent the j^rain 
of the wood from rising tliorugh the polish. 
Glazing is a cheap imitation of French polishing 
put on as a varnish. 
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Varnish. Varnish is a fluid preparation 
which, when spread out in thin layers, dries 
either by ovaporatic.n or by chemical action into 
a hard, trai\sparcnt and glossy lilm. The 
materials which form almost cxclusiv{‘ly the 
permammt body of varnishes an' tlii^ drying 
oils and resinous substances, the chief of which 
are the copals, lac, dammar, elrmi, amber, 
inastu;, sandarac and resin. For certain forms of 
varnish the drying oils theniselv(‘s act as tlu; 
soh'cjit for the nvsin, but in other cases volatile 
solvents arc employed, those chietly used are 
methylated spirit, wood s]>irit, elhei, benzine, 
turpentine and other (‘sseiitial oils. 

Aeeording to llu' solvent employed, the or- 
dinary kinds of varnish are dividc'd into three 
(•las.ses — (1) spirit varnishes, (2) turpentine var- 
nishes, (3) oil varnishes. 

Spirit Varnishes. Spirit varnishes dry 
with great ra])i(lity owing to the volatilisation 
of the solvent sj)irit, h'aving a (coating of j3un' 
resin of great hardness and brillianct*. but the 
tilm is delieieut in tcaiaeity, cracking and 
scaling readily on ex posiire. 'rhe resin lac, either 
as grain, shell or bleached lac, is the basis of 
most s])irit varnishes, but sandara(^ is also used 
laig(‘ly, and to tli(\se are added, in varying 
prcqmrtions, the softer resins — elemi, Venice 
turpc'ntim*, mastic, etc., which giv(* elasticity 
and li'iiaeity to th(‘ varnish. 4'he solvent is 
almost exciusiv(‘ly methylal(‘d spirit. Spirit 
varnislK's are uscul ])rinci))ally for cabinet work 
and turnery, statioiK'ry, gilding and mctal-w^ork. 

Turpentine Varnishes. Turpentine is 
the 8olv('nt ])rineipally used for making dammar 
varnish, the solution being etfected by powdering 
the resin and boiling it with a ])ro])ortiori of 
spirit of turpentine, aft(‘r which juore turpentine 
is added in th(' cold state* to bring the j)reparation 
to a projH'i* consist ('uey. 'rurp{‘ntino varnislu's 
arc also made in which tlu' principal resinous 
bodies arc sandarac and common resin, and, 
mon‘(n'(‘r, tiirpi'iitine is largely employed to 
n'duee thc^ consist(‘ncy and to im])roA'e the drying 
])roperties of eoj)al A'arnish. 

Oil or Fatty Varnishes, in these the 
basis or solvent consists principally of linseed 
oil, but the ntlu'r drying oils — poppy and walnut 
- may also be used. It is in the form of boiled 
oil, or of oil prc'parcd Avitli driers, that these oils 
arc us(‘d in varnish making. The resin ])rincipally 
used in oil v;irnish('s is copal, and its varieties 
differ wry much in hardness - --t hat is, in tin; 
temperature at Avhich they nu'lt and distil. 

Paints. Paints Tuay be divided under 
several heads, according Vo the chief ingredient 
or base Avhich is mixed with the vehicle or 
medium, or carrier such as lead paints, oxide 
paints, zinc and baryta paints, graphite i)aint8, 
etc. Generally speaking, lead paints are used 
upon woodwork, oxide of iron and graphite 
paints upon ironAvork, zinc and baryta paints 
upon surfaces exposed to the impure air of towns, 
where Avhitc or delicate tints require to ))e pre- 
served from the sulphur impurities which turn 
k^ad paints black. Besides the base and vehicle, 
it is generally necessary to axld a drier to oxidise 
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the vehicjle rapidly and cause it to dry quickly, 
and a solvent to dilute the vehicle so that it will 
flow readily from the brush, Ix^sidos the pigment 
for giving the required colour. 

Lread Paints. White lead is a’mixture of 
hydrated oxide and carbonate of lead in pro- 
portions of approxiniatt^ly *25 per cent, of the 
former and 75 })er cent, of the hitter. M'he 
Dutch method of manufaetun^ is a long proct^ss, 
but is brielly as follows : IVh'tallic hmJ, in tin* 
form of discs called “ buckles ” or open cast 
gi'ids, is laid on earthenwar(‘ pans containing 
vinegar, which are afterwards jiiled into bins, 
covered over, and left for about throe months. 
During this tiim* the temp(‘rature rises and a 
complex chemical changes takes ])laci‘ by which 
the buckles arc converted into white carbonate. 
Tlic white lead is ground to a tine ])owder 
and mixed with IOjht cent, of linseed oil, forming 
the paint known us white lead in oil. 

Red lead, or minium, is a ])iginent made by 
exposing litharge or massicot to air at a very 
high temperature, und(*r which conditions it 
absorbs more oxygen. When mixed with linseed 
oil and mastic it is used as a ecunent; hut it is 
used chiefly as a pigment, for the reason that 
when mixed with either linseed oil or wat(‘r 
it forms a good lirst coat owing to its great 
covering powers. 

White Lead jKiint is not only jMiisonous, hut 
it rapidly blackens in the pn*senee of tli(‘ sul- 
phurous fumes which are presimt in the air of 
all towns. On the coast, where it is subject to 
the action of the sea air, it is liable to “ chalk 
off/’ that is, rub olT with the hand as if the 
wood had been ebalkeil. 

Zinc Paints. Pure zinc oride. pdint, 
ground in pure, refined, boiled linseed oil, fur- 
nishes a permanent white with great covering 
power, without re<juiring the addition of 
driers, but it is necessary to ensure that it is 
zinc oxide, and not merely (Jharlton white. 
Being a pure white, it permits of mixing to 
delicate shades of colour which the yidlowi.sh 
tinge of white lead will not allow. It is non- 
poisonous, and not aeded upon by sul])hnrel ted 
hydrogen. The largest manufacturers of zinc 
white arc the Vielle Montagne (dmpany of 
Jenappe, Belgium, who turn out about 12,0(M) 
tons per annum. 

Charlton white or lithopone is composed of 
zinc sulphide and hariuin sulphate. It is some- 
times used as a substitute for while lead paint 
for inside use, as it has greater covt*ring power 
and keeps its colour better, but it does not give 
so hard or permanent a surface. 

Iron Oxide Paint. Jro7i oxide paint has, 
as the base, a magnetic oxide or sosquioxide 
of iron prepared from luematite ore. It has lx^(;n 
used for many years as preferable to lead paints 
for painting ironwork, but is now giving way to 
graphite paints, which ex])erience shows to be 
more lasting. 

Graphite. Graphite, or black lead, is one 
of the forms in which carbon occurs in Nature, 
and it receives its name from its use in 
the manufacture of writing pencils. Besides 
pencils, it is used for burnishing iron to prevent 
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nist, and also for placing between rubbing 
surfaces of machinery to prevent friction. The 
best quality of graphite used for pencil making 
is obtained chiefly from Siberia, while the coarser 
varieties, from Ceylon and elsewhere, are used 
for stove polish and lubrication. 

Graphite jxiint is a mixt\ire of graphite with 
pure linseed oil. It is the beat preservative 
among the oil paints for surfaces of iron and 
.steel. 

Metallic Paints. There are several 
varieties of these for giving lustrous surfaces, 
such as bronztN gold, silver, (^tc. The most 
recent is “ Lustrogen,” an aluminium paint, 
which is said to retain its brilUuney indefinitely, 
and to have a covering capacity of OtX) to 1,0()0 
square foot to the gallon. It resists sewer gas, 
.sea-air, sul])hurctted hydrogen, damp, and heat, 
and is suitable for stable fittings and all orna- 
mental ironwork. 

Enamel paints consist almost entirely of zinc 
oxide mixed with a varnish and the necessary 
colouring materials. It is the zinc white which 
gives these paints their pi^euliar durability. 

Fire-resisting paints contain soluble gla.ss in 
their c‘omposition. For I'xamplc, a good white 
paint i.s made witli fiiu'ly ground zinc white 
[oxide of zinc) mixetl Avith a solution of soluble 
glass {silicate of .Wu), with a strength of 40 to 45 
<legrees of the Beaume hydrometer, until it has 
attaimd tlie consist (m(!y of ordinary paint. 

('panite is a (u)lourless preparation put on as 
a paint, for preventing wood from flaming when 
exposed to tiro. 

Fire-resisting putty i,s made of soluble glass 
{.dlicate of soda) mi.\ed Avith ground chalk, and 
hanhms within six or eight hours. It may be 
coloured with sulphicki of antimony, iron filings, 
or zinc filings, incorporated with chalk. 

Polishers' putty, or putfy powdc‘r, is powdered 
oxide of tin, used for polishing glass, granite, and 
other hard substances. 

Water Paints. (Certain washable paints 
or distempers are known by this name, such as 
Duresco, made by the Silicate Paint Co., of 
Charlton ; Olsina, by Mander Brothers, of 
Wolverhampton ; II all's (Sanitary Washable 
Distemper, by Sissons Brothers <fc Co., Ltd., of 
Hull ; Magnite Fanitary Water Paint, by 
Clemons, Marshall & Carbert, of I.<eeds ; and 
Maijresco, by Mayfield Brothers, of Sulcoates, 
Hiiil. 

Luminous Paint. Balmain’s luminous 
paint is Tiiade by heating a mixture of sulphur 
and powdered oyster-shells in a (dosed crucible, 
forming a polysulphide of caknum, which is then 
mixed with mastic varnish. It is used for clock 
dials, lanterns for powder magazines, etc., 
owing to its peculiar prcjperty of emitting light, 
in darkness, without a ttaine ; also for keyhole 
escutcheons, match boxes, and other small 
articles requiring to be seen in the dark. It is 
generally painted over the under side of a sheet 
of glass to proUict it from being rubbed off. 

S}8e. (Size is a substance of a gelatinous 
nature, like weak glue. The best is made from 
leather parings, parchments, etc., boiled in water 
and afterwards purified. For common purposes. 



it is made from potatoes, glue, or scraps of horns, 
hides, etc., and is used for preparing writing- 
paper, and also by painters for stopping ^he 
pores of the material to which it is applied to 
reduce its absorbent power. It may bo rendered 
less liable to piitrefaction by adding one-tenth 
of a pound of boracic acid to each gallon of 
liquid size, or a little carbolic acid will eff<‘ct the 
same purpose. ,J^he smell may be rendered less 
objectionable by the addition of a little oil of 
cloves or essence of -peppermint. Sichel-glue is 
a non-odorous.size which dissolves in cold water. 

Pumice«stone. Puinice-sUme, or 
is a light, spongy mineral substance, formed by 
the solidification of the foam on molten lava due 
to the escape of gas or steam. Tt is generally of 
a whitish-grey colour, and consists of about 70 
per cent, silica, 20 per cent, alumina, and 10 per 
cent, soda, potash, and iron oxide. It is (‘x ten- 
si vely used as a smoothing material for ivory, 
horn, wood, paint, marble, and various metals. 
It is much used by bouse-painters for rubbing 
down the various coats of paint work. l<^or some 
purposes it is ground to a powder and used in a 
similar manner to emery jiaper. 

Artificial pumice is made from a mixture 
of calcined and crushed quartz and alumina, 
moulded up into the form of brii^ks. 

Sal - ammoniac. - ammoniac is the 
earliest known salt of ammonia, and is now 
called ammonium chloride. It was lii-st manu- 
factured in Egypt, and for many years Europe 
was supplied with it from that country. It 
occurs usually in the form of a hard, white 
cake, opaque, or only slightly translucent, with 
a cooling and rather disagreeable taste. The 
first attempt to manufacture sal-ammoniac in 
Europe was made in London about the beginning 
of the eightenth century ; but the first success- 
ful manufacture in this country was establislu'd 
in Edinburgh about the yi^ar 17f)0. 

Spirits of Salt. Spiritfi of salt^ known 
also as hydrochloric acid, muriatic acid, or 
hydrogen chloride, is a colourless, strongly acid 
solution, made by dissolving hydrogen chloride 
gas (hydrochloric acid gas) in water. It is 
extemsively used in the arts. VVla^n killed by 
the insertion of si laps of zinc, it is used by 
tinmen as a soldering fluid in conjunction with 
sal-ammoniac. 

Blue Stone. Blue stone^ or Roman 
vitriol, or more correcUy snlplwte of copper, is 
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prepared on a large scab' direct from the cementa- 
tion water from pyrites mines, by evaporation 
to the crystallising point. It is also prepared 
by the oxidation of sulphide of copper in a 
furnace at a comparatively low heat, and by the 
direct action of sulphuric acid on metallic 
copper, as well as by various other processes. 
Sulphate of copper is very largely used as a bovsis 
for the preparation of other copper coinjM)unds, 
in electro-metallurgy, calico printing, and in the 
American method of extracting silver from its 
ores. It is also usi^d in the ])reparation of the 
copper pigments, Schcole’s green, Schweinfurt 
green, and Paris green. A solution of sulphate 
of copper is considered to be the best curative 
for dry rot in timber, put on as a paint, if the 
fungus has not obtained too firm a hold. 

Copperas. Green vitriol, ferrous sulphate, 
or copperas, is a salt of iron, of a bluish-griicn 
colour and an astringi^nt, inky, and sweetish 
taste. CopfKTas is manufactured, with alum, 
by the oxidation of the iron-pyrites contained 
in aluminous schists, such as those of the coal- 
measures of Renfrew and Lanark. It may 
also be prejjared by Spence’s method of heating 
ground puddling-furnace slag, tap-cinder, or 
(.'leveland ironstone with sulphuric acid. Cop- 
peras is used in dyeing and tanning, in the 
manufacture of ink, Prussian blue, and Nord- 
hausm sulphuric acid or fuming oil of vitriol, 
in mi'dicini^ as an astringent and tonic, and in 
analytical chiunistry. 

InR. Ink is a thin fluid used for writing 
and drawing, and also a thicker substance used 
in printing, being distinguished under the titles 
of writing ink and printing ink. 

Common black urriting ink is mi'stly made by 
steeping a mixture of galls, copjxTas, and gum- 
arabic, while the colouring matter is gallo- 
tannate of iron, and sometimes a little logwood 
is added to improve the colour. 

Printing ink is a mixture of boiled oil and the 
colouring pigmi'iit. W'^hen the ink is required 
to be fine, nut and other fini‘ oil is used, some- 
times mixed with a little resin ; hut for the 
coarser inks resin only is u.sed. Thi*. pigment 
for blai^k inks is generally lampblack, while, to 
improve the impression, soap is also added. 

There are also many other varieties of ink, as : 
India, China or Indian ink, book ink, copying 
ink, marking ink, lithographic ink, etc. 
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Exercisk. 

1 Pet, pit, Tate, taiiglit, kit, aft, east, shot. 

2 Wit, await, light, alight, yet, j)lot, crak\ 

3 lied, aided, edged, jade, goad, eggt;d, mead. 

4 f )ld, erred, blade, bread, glade, broad, dread. 

5 Pound, lined, acA'ident, inward, brickyard. 
() Meat, mud, night, Ned, admit, dtK>med, 

fillet, failed. 

7 Bailed, ballad ; sliowereci, charade : farrtjd, 

tirade. 

8 Pelt, polite, kilt, melt, omelet, inlet, runlet. 
1) Impound, dampejied, lingered, Iningen'd. 

The upward h must be written in words that 
contain h halved, Avith or without final circle or 
hook, as 

cF ^ ^ 

hat^ hats^ luat^ A aw/, 

hafl, hraml. 

After the -lion hook, tlje stroke n/ may be 
written U])ward when it cannot be wiitlen 

downward ; thus 

-•3 iM 

(>;rr 1 1 r.s ian Isf , I ihmi lion isf , sa h'ut n tn isl . 

The half-length r\y] should iu‘ver be written 
alone, nor with .s* only [^^]a(Uled. W'rite '*1 
[not .J m/c, [not < ) n'rih\ [not. 
n-rih\<. It should gmierally be used finally for 
r/, and for rd, when it is not coiuamieiit to 
write ^ ; thus 

t V.y 

(lari, fori, lard. 

'Fwo half-length sti'okes, or 1\\n strokes of 
nnc(jual length, must ?iot be joined together 
UNLESS THEY MAKE AN ANOLE ; tllUS / r/d must 
not be joined to / I'hl for chil-('hal ; noi- \ 
pr to \ pt in propp\'d; nor — 1; t<» - Id in 
}artl('!i, nor t o w w/, for )/}</< a/r. Detach 

the signs, or wj-ite the letters in full ; thus 

or chit-('hal, propp ed, ‘ larUr.y, 

minute. In ford, nano'd, etc., 

the junction, being evident , is allowed. 

Half-sized t or d immediately following the 
consonants t ov d always disjoined ; thus 

i;. V \ 4 

tided y dated, treated, dreaded, hesilah'd. 

Verbs written with the half-length jjrinciplc 
form their past tense thus 

\ /■ 

fale, fated; ('hit, ('hatted; 

^ v v^- 

nod, nodded; pari, parted. 


Verbs written by a half-length lett er ending 
Avith a hook form thidr past tense thus 

^ print, printed, - planf (to pr^- 

sei*ve the straightm^ss of tlu‘ stroke) planled, 
F. stint, ^ stinted, r^aeipioinl, anpuduhd, 

m (jruiit, (jranted, rani, ranted. 

When a wor<i t!i\ds Avith / or d follcnved hy a 
A'owcd, the letter must In? Avritten in full, and 
not indicated by tlm lialving principle; thus 


(juilt, (fidlhf; dirt, dirhj; 


loft. 


C\ 


1, 


lo/hj ; 


'-/I. •? 

Jnult, faidlif; mould, inouldif. 


The circh? n, as aheady explained, is always 
read hsi when it is written at the end of a 
Avon I ; thus 


X X X r ''' 

puu, punt, punts; join, j(dut, joints; 


V 


fnucn, front, fronts. 


K.xehcise. 

I. Hate, lieighi, liit, liits, hulled, lioiinds. 

2 FashionisI, elocutionist ; evolutionist, re 

volntionist. 

3 Wj-ote, writ, Aviite, roul, ixat, tart, lured. 

4 Pit a-pat, hrihed, tick-taek, emanatiMiumhed. 
o Atlituile, audited, vegetal isl, obtriuled. 

t) Fitted, potted, jottc<l, netted, rooted, pirated. 

7 l>rande<l, grounded, stunted, unac<jua,mle<l. 

8 Fort, forty ; malt, malty ; neat, natty ; 

loved, love'day. 

9 Tin, tint, tints; pine, pint, ])ints ; slmnl, 

shunts. 

Grammalogues. ^die follow ing additional 
grannnalogiU's shoidd In* memorized : 

— C" 

eulled(j), r(tnnol{'), muld, tjreut, not(f. 


short{^), told, (ofcard, thatC), nilhont. 


The Double»Length Principle. Curved 
consonants are made twice their usual length to 
indicate the addition of tr, dr, or thr ; thus 




A. 

''•V 

V, 

Jtow, 

Itouter, 

lavilh, 

lau<ihter, 

father. 



L 

) 

y 

rain, 

vendor. 

thunder, 

, oyster, 

shatter. 






mdher. 

snirdhfT 

, rentf 

or sendr, 

liuhter. 



\ 




slighter, 

builder, Imrder. 
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When dr or t.hr follow an initial they are 
ex])rei!4Hcd by '] ) and not by doubling the I ; 

thus 

n rH n 

oldcfy leader, leather. 

After /, ah, m also, dr is expressed by ] 
and not by doubling ; thus 

fixlder, ahndder, Madder, 

Straight consonants hooked tiiifilly, or which 
follow anather afrohe, arc made twice their 
usual length to indicate the addition of ir or 
dr ; thus 


X 

\ J 



pain, 

painter, ten. 

tender. 

wren, render. 





won, 

wonder, yon, 

yonder, 

Jfun, hunter, 

L 


raftery neehy nectar, rector, detractor. 


dtapufer, dehater. 

The character ^ mp is <loublcd lo express 
mpr or mhr ; thus 

temper, chamber. 


r ^ 

encounter, enemintereil, dander, slaruiered, 
<s^ 

hinder, hindered, pamper, pampered. 

When a w'ord ends with a "vowel preceded 
by fr, dr, or thr, these consonants must be 
vjriUen aiixi not indicated by doubling ; thus 


Q- 

V- 

fatter, flattery, 

I 


</y^' 

winter, ivhitry, 

V_ S 


mnder, sundry, feather, feathery. 

The circle s at the end of a double-length 
character is read lad, as usual ; thus 



tenders, feathers, counters. 


Exkrctsr. 

1 Enter, Easter, loif-er, shutter, matter. 

2 Founder, asunder, smattcv, cylinder, Walter. 

3 PalUu*, porter, folder, charter, chartered. 

4 better, loJider ; latter, ladder ; fetter, feeder. 

5 Shouter, shudder ; mutter, madder ; litter, 

federal. 

C Pointer, tinder, ranter, waiifltT, wandered. 

7 Elector, gnnpovvde}’, dissector, pretender. 

8 Vamper, Jfuniht?]*, jumper, timber, belonger. 

9 Slumber, slumbered ; anger, angered. 

10 Flounder, tloundered ; director, directory. 

Kiiv TO Exercises in L\st Lesson. 


The character ny is douhled lo 0xf>ress nylr 
or nyyr ; thus 




shrinher, lonyer. 


The hooked consonants mpr, mt>r, 

nykr, nyyr are generally more convenient 
for verbs, becaiise they can be readily halved 
for the past tense ; thus 


1 


o 


3 

4 

1 


scamper, seam pe red, cumber, cumbered, 2 


canker, cakkered, llnyer, linyered. 

In a few common words, it is allowable to 
double a letter to express the addition of the '* 
syllable dure; thus j 

2 

feature, future, .siy nature, picture. 

When the present tense of a verb is written ^ 
with the double-length principle, the past tense 
is written with the half-length principle ; thus 

\ ^ 1 - 

g 

ponder, pondered, tender, tendered, 

Continued 


Quib}>le, (jiiiet, (piarter, (luairel, rcipiire, 
guam>, languisli. 

Weal, wallow, wealth. Wells, wheel, whelm, 
n iija II wh i 1 e . w he(*h ‘i* . 

Fuller, roller, sk idler, poorer, admirer, 
borer, siiorer. 

Pump, juiu]), embellish, ambitions, whack, 
whip, whisper. 


C ^ 




r-, 

tf 


> 

■f 

r -. 



u 

1 


cA 

Hocli 

haggis, 

hod, hoary, haddock. 


Hive 

, haggh‘, 

hairy, cohesion, nnliingo. 


Hilly 

, hoiTor, 

hump, JiH 2 >j)ily, handy. 


L 

2:; 21^. Zb /V 4 


A 

.rc’ 

A <r 1 





•) >/*■ 

J1 
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MORE ELEMENTS IN DETAIL ! 

Group S 

CHEMISTRY 

Bleaching Powder. Calcium. Metallic Elements, including 

7 

Aluminium, Magnesium, Manganese, Iron, and Zinc 

C'ont fn»m 

JUK*. H 44 


By Dr. C. W. SALEEBY 


Bleaching Powder. Bleaching powder 
is another very important substance whltdi 
contains calcium, though this is really not the 
most important elenu'nt in its composition. 
It is prepared by the action of chlorine - 
its active ingredient — on calcium hydrate, or 
slaked linno This last, ])repared with great 
care and free from impurity, is spread out in 
thin layers over the floor of stone cliambcrs, and 
then chlorine gas is passed over it. The 
compound that is formed is of soimwvhat un- 
certain composition ; it may perhaps be 
described as a mixture, or r ither a semi-com- 
pound, of chloride and oxyehlo.ide of lime, and 
its composition maybe indicated by the formula 
CaOClCl. This formula is only approximate, 
and must not at all betaken as comparable with 
the other formulas wi*. have seen, which are 
exact. At any rate, bleaching powder contains 
a superfluity of chlorine which it is always 
ready to dispose of, and to which it owes its 
properties. 

Another very common salt of cahhum is its 
tluoride, which has tlu^ formula CaF..* This 
occurs as a very common mineral, very often 
in association with the ores of lead, and usually 
known a.s ffuor-fipar, or fluorite. 

It forms very nearly transpariuit. crystals, 
most fre(|uently cubical. It is hard but brittle, 
and occurs in a large number of difhTent 001001*8, 
of wh ich the most common is violet. Somet imes 
it occurs in alteniatc bands of violet and colc)ur- 
less structui’c ; this form is known ius Derby- 
shire spa. 

Salts of Calcium. The sulphate of raleium 
(CaSO,) is an impc "tant salt, which occurs in 
nature in different forms. One of those, somi^- 
times called anhydrite, contains no water, but 
commoner forms, such as gypsum, contain two 
molecules of water of cr^tallisation to each 
molecule of the sulphate. Other waUT-contain- 
ing forms of sulphate of lime are selenite and 
alabaster. Selenite is practically c'quivalent 
to gypsum, and alabastt^r is almost identical. 
The latter has a pearly lustre, is never trans- 
parent, is quite soft— in this respect these 
forms contrast markedly with anhydrite and 
thus it can be very readily carved or turned ; 
but it must not be exposed to rain, as it is soluble 
in water, though only slightly. If these forms 
of sulphate of lime are heated, there is derived 
the cement-like substance aoWed plaster -of -Pans. 
In practice this is always obtained from the 
commonest form, which is gypsum. When 
heated at a temperature considerably above the 

♦ If iSR) reader is not sure that he knows "^J***^ 
tliese formulas moan, ho should turn back to the 
place where they are discussed. 

I 


boiling point of water, it los(^s il.s water of 
crystallisation, and forms a plastic substance 
which can he moulded to any form, and which 
on mixture wdth water speedily std.s into a hard, 
rigid mass, which consists of a union, if not a 
true chemical combination, betw'(*en the water 
and the salt. It is certainly more than a mere 
mixture of the two. This we know bc'cause a 
good deal of lu'at is prodiu^cd as the plaster 
sots, and the evolution of h(‘at is an invariable 
sign of the satisfaction of chemical affinity. 

The sulphide of lime (('aS) is luminous in the 
dark, and may, therefore, be used to amuse 
children, and so forth. At one time it was 
largely employed in medicine, hut is probably of 
no particular valm* as a drug. 

The phosphate, of lime, a compound of lime 
and phosphoric acid, occurs in nature as a 
mineral c»illcd apatite. It is constantly found 
in the animal body, forming some bO per cent, 
of the structure of tin* bones, and oven a higher 
proportion of the tcfdh. Minute quantities of 
the fluoride of calcium are also found in tooth. 

Barium. Barium is a very heavy metal, 
which closely resembli'S calcium in many of its 
chemical propiTticiS. It has recently obtained 
much fresli theoretical importance from the fact 
that it seems to have certain relations to radium, 
rts atomic weight is about l.‘ 17 . Its name is 
deriv(^d from the Greek word harys, heavy. 
Barium is never found in the (‘lemental state 
in nature, but occurs in the form of two salts — 
the sulphate, which forms tlie mineral known 
as barytes, or heavy sfxir, and the carbonate. Like 
sodium and potassium, barium was first isolated 
by Sir Humphry Davy ; its oxide closely cor- 
responds to the oxide of calcium, and has a 
similar formula BaO. It is known as baryta. The 
characteristic colour produced by barium salts 
when they are heated to incandescMUiee is green, 
and some of them, such as the chloride and 
nitrate, are often uscmI in fin'-wen’ks for this 
purpose. Barium also forms a dioxide (having 
the formula BaO.^), as indeed docs calcium. The 
calcium salt is ofno importance, but the barium 
salt is used as a means of preparing oxygen in 
large quantities. In the first place the salt is 
formed by heating the ordinary oxide to dull 
redness in air, from which it takes a certain 
amount of oxygen so as to form the dioxide. 
When this is heated still further it gives off the 
extra oxygen which it has taken up at a lower 
temperature. Instead of raising the temperature 
further, the same changes may bo made to occur 
by altering the pressure, which comes to the 
same thing. Air is forced into tubes containing 
the oxide, the dioxide being formed whilst the 
nitrogen of the ai^* escapes. Lben when the 
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pressure is lowc^rc^d, tlic oxygen previously t.^ken 
up is given off again, anil ean be eollected. 

Strontium. Tlie last element dealt with in 
tbis group is drontium, Avliieh is of less im- 
portanee than any of Ihe olhi'is. Its fitoiii'O 
weight is about 87*0, and its ehemioal symbol 
Sr. Jt also was first discovered by Davy, being 
prepari;d, as we have already seen, l)y eleetro- 
lysis of the fused chloride. It is a yi'Ilowish, 
malleable metal, which ri'adily oxidistss cm 
exposure to the air, and also deeompost's water 
in the fashion which should now be familiar. 
It is found in nature in the form of the sulphate 
and earl)onatt'. .\s in the case* of barium, its 
chloride and nitrate are solubles and can l)e 
used, especially the latter, in fir(‘workH. It 
produces a splendid crimson colour. The 
sulphate of strontium is peculiar in that it is 
less soluble in hot water than in cold. 

Magn(*sium and /inc arc the next two 
metals to be discussed, since they form a group. 
'Phey are both metals hivivier than water, but, 
unlike the preceding metals, not liable to act 
upon it, save slightly, if the water be boiled. 

Magnesium^ Magnesium is not found in 
the elemental form in naturi', but is abundant in 
certain compounds. Of th(‘se the commonest are 
the carbonate, ihi* double carbonate of calcium 
and magnesium, which is knoAvn as (hdomife, 
the sulphate (Avhich occurs, for instanci*, as the 
mineral Kpsomite, rmninding us of the medi- 
cinal use of the sulphate of magnesium, or 
Epsom salts), carn<tUit(\ which is a double 
chloride of magnesium and potassium, and in 
the form of various mixed silicates, such as 
ashedos^ tourmaline, and weer.srhauni (literally 
sea-foam). Again it is Sir Humphry Davy who 
has the distinction of having (irst isolated 
magnesium. The niidal is now [)r('f)ar('d from 
its chloride, from which it is lijsplaced by means 
of metallic sodium. It is (‘xtrcnn'ly light, 
insoluble in Avater, but readily soliibh* in acids. 
Its atomic Avcight is 21, and its symbol 3Ig. Tln^ 
reader must not confuse magm'siiirn (with the 
symbol Mg), and manganesium. or manganese, 
which has the symbol Mn. Wlum magnesium 
is heated in air it burns Avilh an ('xcec'dingly 
brilliant light, and forms the oxide of magnesium 
MgO. This is usually knoA\'n as magnesia ; 
and is a tasteless, insoluble, light, Avhite poAvder 
of considerable use in medicine. It is not, 
however, usually pr('j)ar('d by the oxidation of 
magnesium, but l)y beating magnesium car- 
bonate, which salt is dccom post'd, giving off 
carbonic acid in a manner exactly similar to the 
decomposition of ealcium carbonate and the 
formation of (|nicklimc. 

The light produced hy the oxidation of mag- 
nesium is not only extremely hrilliant, hut is 
especially rich in thijso rays of light Avhicli are 
most markedly poAverful in tlieir chemical 
action on a photographic plate. Honeo it is largely 
used for photography. 

Zinc. Zinc has the symbol Zn, and its atomic 
AA'cight is (15. It occurs in nature only in com- 
bination in the forms of carbonate, usually 
known as calamine, and the sulphide, A^hich is 

1042 


known as blende or “ black-jack.*’ Calamine is 
of no particular importance ; sometimes it is 
powdered, carefully purified and tinted, for 
application to the face. It is from the blende 
that metallic zinc is x)reparod. The blonde is 
roasted in air, yielding zinc oxide and the oxide 
of suly)hiir, Avhich is volatile, and escapes. The 
oxid(‘, which is a powder, is treated with charcoal, 
which takes the oxygen from it. The operation 
is conducted at a high temperature, at which 
the zinc is produced in gaseous form. It is 
never obtained j)ure hy this process. Zinc does 
not. tarnish readily in thi*. air, and so may be 
used for coating sheets of iron, and thus pro- 
tecting them from the atmosphere. Iron thus 
treated is known as galvanised iron. The zinc is 
not affected even if the air he moist. When zinc 
is strongly heated, it readily burns and forms 
an oxide (ZnO). This oxide is of some use in 
medicine, biung incorporated with lard as zinc 
ointment, which is soothing, and very feebly 
antiseptic. The chloride of zinc, having the 
formula ZnCl.,, is obtained by evajmrating a 
solution of zinc in liydroehJorie aiu'd ; it is a 
very powerful antiseptic, and is thi^ basis of 
JIurnett’s Disinfeeliug Fluid. Zinc forms 
some important alloys. With coppi'r it forms 
brass, which is made hy melting the copper and 
adding zinc to it ; Avith tin it forms bronze, and 
with copper and nickel it becomes “ German 
silver.” 

Boron, 'the next group of elements we 
have to consider consists of boron and 
aluminium, the lattm’ of which is promising to 
hi'come of great importance. Boron has the 
symbol B, and its atomic weight is about 11. 
It is not to bo regarded as a metal. It was 
first isolated in 1808, the year folloAving the 
discovery of sodium and potassium. It is not 
found in the elemental form in nature, but occurs 
chiefly as l)orax, already diseussod under sodium. 
Borax has a very feeble antiseptic property, 
hut this is decidedly Tuore marked in boric acid, 
or horacic acid, which is derived by the union 
of Avater Avith the oxide of boron. This oxide has 
the formula B.d)... Boraeio acid may be obtained 
by the action of a strong acid upon borax, but 
this method is not usually employed, since the 
acid occurs in nature in certain springs in 
Tuscany. Erom the w^ater of these springs it 
may be f)re])ared by evaporation. The uses of 
the acid as a mild antiseptic are familiar. Boron 
also occurs in large quantities as the- mineral 
called horaeite, which is a compound or combina- 
tion of the borate of magnesium and the chloride 
of magnesium. It occurs in association with 
gypsum and with common salt in some parts of 
Germany. It is of no practical importance, and 
the same may be said of all the other compounds 
of boron. 

Aluminium. The next metal with which we 
have to deal — aluminium — is exceedingly abun- 
dant, as we have already seen, and has lately 
become of very great commercial and practical 
importance. It is a white metal, specially 
characterised by its extreme liglitness. Its 
specific gravity — that is to say, its weight 
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compared to the weight of water represented as 
1 [see Physics]— is only ‘2 0 . Besides this 
extreme lightness, which is often of mucrh 
practical value, aluminium has other useful 
physical properties. It is ductile, and can be 
drawn into wurc ; it can also be readily cast, 
and can be rolled into sheets. It melts at the 
comparatively low temperature of TtH) ’ C. 
Aluminium tarnishes very slowly on exposure 
to air, but it forms alloys which are in this and 
some other respects more valuable than itself. 
Its alloy with copper, for instance, known as 
aluminium-bronze, is scarcely liable to tarnish 
at all. It is of a yellowish colour. 

Though so abundant, being a constituent of 
most rocks, and the characteristic element of 
clay, aluminium, until very n'cent times, has 
been very expensive to obtain in a pure state. 
It has had to be extracted from clay by a stuics 
of very difficult operations. At the iiresent time, 
however, aluminium is pi'epared by an electrical 
method which has enormously reduct'd its 
cost. The principle is that of electrolysis, con- 
sisting essentially in the passage of an electrical 
current tlirougli solutions containing the n*- 
quired product. The method in pr(‘,sent use is 
now nearly 20 years old. 'Phe material em])loycd 
for electrolytic production is a mixture of 
cryolite — the double tliiorich^ of aluminium and 
sodium, with alumina — tlu^ oxides of aluminium. 

The widest practical of this metal at the 
present time is in the puriheation of iron and 
stool — a use which is due to the fact that the 
metal at high temperatures is able to decompose 
tho oxides of nearly all other metals. It mak(*s 
excellent cooking utensils, which do not break 
or chip or rust, arc exceedingly light, and make 
no poisonous contribution to the food cooked in 
them. It is also largely coming into use in the 
place of copper as a conductor of electricity. 

Tho compound ahirniiia, which has already 
been mentioned, may be prepared as a white 
powder, which is characterised by its great 
affinity for colouring matters, and is thus largely 
used in dyeing and colour manufacture. The 
substance formed by the union of the colouring 
matter and tho alumina is usually known as a 
lake. In its crystalline form alumina is second 
only to the diamond in the scab* of hardness. [Set; 
Physics. ] Tinted by various impurities, it forms 
some of the most beautiful of jirecious storuvs, 
such as the ruby, the sapphire, and the amethyst. 

A New Group. Our next group consists of 
one exceedingly important element, iron, and 
four of less importance, chromium, rnarKjanese, 
cobalt, and nickel. The sources of these metals 
are as follows. Chromium occurs mainly as 
chromc-iron ore, which is a double oxide of iron 
and chromium ; manganese occurs in the form 
of its oxide, which has the formula MnOo. nickel 
occurs in New Caledonia in the form of a silicate 
of nickel and magnesium, and both nickel and 
cobalt are found in nature in combination with 
arsenic. 

These metals can be obtained in the pure 
metallic state by means of carbon, which turns 
them out of their oxides. We may first of all 
dispose of the four unimportant members of this 


group before going on to deal with iron, which 
demands length}?^ consideration. 

Chromium. Enough has already been said 
about tho source and preparation of this metal ; 
it is extremely liard, and of a grey-green colour. 
It combines with oxygen in various proportions, 
the most important compound of tlui two ele- 
ments being chromic oxide, which has the 
formula CroO.j. This is sold as a pigment und(‘r 
tho name of emerald green, an accurate name, 
since the colour of the emerald is due to small 
quantities of chromium. There is also a double 
sulphate of chromium and potassium, which is 
known as chrome alum. The name is a bad one, 
since it contains no aluminium. Tho salt forms 
purple crystals, which are much employed in 
dyeing, calico printing, etc. 

Manganese. Manganese, which must n(*vcr 
be confused with magnesium, occurs in nature in 
several combinations besides tho black oxide 
(MnO.^) already mentioned. Prepared as slated 
above, it is a v^Ty hard, brittle, whitish metal, 
which cannot be preserved in air, since it rapidly 
dccornpos(‘s tlu' vvat(‘r contained in air, becoming 
itself oxidiscfl and giving off hydrogen. 

Naturally enough, metallic manganese has no 
commercial uses, but its oxides are used in glass- 
making ; and its alloys with iron, with which 
it frecpicntly oc(‘urs in nature, are very valuable, 
as such iron yi(*lds very superior steel. 

A v('ry us(‘ful compound of manganese is tho 
salt known as permanganate of potassium, 
whi(;li has the formula KMnO,. It occurs in 
th(‘ form of small purple crystals. When th(‘se 
are dissolved they form a dee])ly colouriul 
solution, with a very untdeasant taste, which is 
familiar to ov(‘ryone under the name of (.’ondy’s 
Fluid. This compound contains an ex(!(‘ss of 
oxygon, which, in the presence of water, it is 
very ready to give up to organic*, bodies. In 
consequence* of the decomposition which fhen 
0 (u*urs, the solution loses its ]>ur[)le colour and 
becomes a dirty brown, due to the formation of 
the black oxide of mangariesc*. This cjhange 
in colour has thci advantage that it enables one 
to SCO whetlu'r or not solutions of the salt have 
undergone dceomjmsitioii. The* solutions of this 
salt have been largely praisc^d as antis(q)tios, 
and are still very gemu'ally beliovtal in, but its 
virtues have; been very much exaggerated. 
It should be looked upon rather as a detxloriser 
than as a true antiseptic. It has only very 
slight action against microbes, but it helps to 
complete the oxidation of the products of their 
action, and thus removes foul smells. Un- 
fortunately it readily stains linen, cotton, and 
the like, but the stain may bo removed by apply- 
ing sulphurous acid and then immediately 
washing out the fabric in water. The oxidising 
properties of this salt have been found to 
render it very useful as an antidotes in morphia 
poisoning. It oxidises any morphia that 
may remain in the stomach, whether taken as 
such or in the form of opium, and thus pre- 
vents it from acting. 

Cobalt. This is a reddish-white metal, 
found, as stated, in combination with arsenic, 
and also as cobalt qlance, w hich is a compound of 
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cobalt, arsenic and soda. Compounds of cobalt, 
having a blue colour, are used as pigments, and 
also for giving a blue colour to glass and porcelain. 

Nickel. Nickel is a metal of somewhat more 
importance than the others, chiefly in virtue of its 
use in strengthening steel. Nickel steel — that is 
to say, steel containing a small percentage of 
nickel — is so much harder than ordinary sUnd 
that it is said to offer about 20 per cent, better 
protection as armour plate for ships than the 
best ordinary steel. Nickel is also used in the 
form of an alloy with copper for the manufacture 
of coins. The subject of nickel-plating is treated 
elsewhere. The metal closely resembles the 
others of this group. It is of a silvery white 
colour, very Ijard, thougli malleable, and melts 
at a very high temperature. 

Iron. Iron is, of course, by far the most 
important and useful of all the metals, having an 
extraordinary variety of us(i3, and being im- 
portant in manufacture, in the arts, and in 
medicine. Very small quantities of the metal 
are found in the pure state on the earth, and these 
only in rocks of volcanic origin. Iron, however, 
ap])ear3 to occur extensively in its uncombined 
form in the heavens, and uneombined ormfdallie 
iron is found in quite considerable quantities 
in meteorites. [See Astronomy.! The most 
valuable ores of iron are various oxides and the 
carbonate, these being the compounds of com- 
mercial importance. The magnetic oxide of 
iron, sometimes called magnelite, has the formula 
Fo;, 04 . Another oxide (Fe.O..) is known 
as hmynaiite^ and this occurs in several forms. 
The. carbonate, no less important, occurs in 
what is called spfUhic iron ore, clay ironstone, 
or clay band, in which it is mixed with clay ; 
and as black band, in which it is mixed with 
coal. T^arge quantities of these ores occur in 
this country. Other compounds also have a 
wide distribution. Iron pyrifes, for instance, 
which has the formula FoSo, is used less as a 
source of iron than as a source of sulphur. 
Various silicates of iron occur in many rocks 
and minerals. 

The Extraction of Iron. In order to 
extract iron from its ores, the first thing to do is 
to perform the process of calcination, which 
consists of roasting tlie ore so as to break it up, 
to expel water and any gases it may contain, 
and also to burn off the sulphur which may be 
present. The ores are then ready for treatment 
in the blast furnace, w^here they are heated wdth 
coal and lime, the first being simply a convenient 
form of carbon used in order to remove the 
oxygen from the ore, and the lime being used as a 
flux, which forms with the sand in the ore 
a fusible glass called slag. This floats on the 
molten iron, and has to be removed at intervals. 

The blast-furnace is a hollow tower, which 
may be as much as 100 ft. high, and which 
contracts towards its lower part, having at 
its vexy bottom the crucible where the actual 
operation occurs. Above the crucible are tubes 
through which there passes an incessant blast 
of hot air ; this blast makes the combustion 
much more rapid, and therefore produces a 

1044 


much higher temperature. The exact sequence 
and nature of the chemical changes in the blast- 
furnace are not precisely known, but what 
happens is essentially this. The coal is oxidised 
to form carbonic oxide* (CO), and this, which 
requires more oxygen, takes it from the oxide 
of iron ; there is thus formed carbonic acid 
(CO.jj), which escapes from the mouth of the 
furnace. Meanwhile the molten iron sinks 
in the furnace, while fresh layers of coal, lime, 
and ore have to be added from above. The 
resultant product is by no means a pure iron. 

In the first place it contains a certain percentage 
of carbon derived from the coal, and in the 
second place a good deal of silicon derived 
from the earth and sand with which the ore 
is mixed up. This substance is known as casl 
iron, or sometimes as pig4ron ; the bars which 
are formed by running off the molten iron 
from the crucibles being known as pigs. Tliis 
iron contains, besides carbon and silicon, a 
certain amount of sulphur, phosphorus and 
manganese, though none of those are nearly so 
abundant as the carbon. There arc three kinds 
of pig-iron, the differences between them 
depending upon the state of the carbon in them. 
Jf the iron cools very rapidly into the moulds 
into which it is run, the carbon remains com- 
bined with the iron, which is then white, and is 
called white piq ; but if the cooling occurs 
slowly the carbon separates out in the form 
of black crystals of graphite [see Carbon, 
page 1046], and the iron is then called grey pig ; 
whilst intermediate between grey pig and white 
pig is mottled pig. 

Wrought Iron. Now,thiskmdof iron is very 
brittle. It cannot be forged or welded ; the only 
use to which it can be applied is castings. When 
the pigs are remeltcd in small furnaces they may 
be employed for this purpose, which is facilitated 
by the fact that cast iron expands slightly 
as it solidifies. Now, what we want for purposes 
of forging and welding is a substance that 
shall have the strength of east iron without 
its brittleness, and that substance, of course, 
is wrought iron. The difference between cast 
iron and wrought iron depends upon the fact 
that in the latter the impurities have been burnt 
out. This is done by melting the iron and ex- 
posing it in the molten state to blasts of hot air, 
which remove most of the carbon and silicon in 
the form of their oxides. This is the process 
known as puddling, the name being deriv^ from 
the necessity of stirring the mass to a pasty 
consistence. The lumps of iron which are sub- 
jected to the puddling process are called blooms. 
Wrought iron is the purest form of iron that 
is found in commerce. It. can be fo^ed and 
welded, and even drawn into wire. It has a 
specific gravity of 7*6 — somewhat greater than 
that of oast iron, which is less than 7*5 — 
and has a rather higher melting point than cast 
iron, which melts at about 1,500° C. Before it 
melts, wrought iron becomes pasty, and can thus 
be welded at white heat. It contains usually 
less than one-half per cent, of carbon as com- 
pared with the .3 to 5 per cent, which occurs in 
cast iron. 



The &eaeemer Process. \\"rought iron 
may be manufaetured in a more satisfactory 
way than by puddling, and this is known as 
the Bessemer process, in which a current of 
air is blown through fused pig-iron in a pear- 
shaped vessel, itself made of iron and lined with 
firebricks. This leads us on to the important 
subject of steel. Steel contains less carbon 
than cast iron, but rather more than wrought 
iron, the percentage of carbon being from 1 to 
IT) ; it melts at 1,800° C., and has a specific 
gravity of 7*6 to 8. It used only to be made 
by the cementation process^ which consistt'd 
in placing bars of wrought iron in boxes, sur- 
rounding them with powdered charcoal, and 
then heating them for days at a time. Nowadays 
the manufacture of steel is accomplished by 
adding another stage to the BesseriKU’ process 
already described. This is done by adding to the 
wrought iron a certain amount of cast iron— 
the percentage of carbon in which is known 
while it lies in the Bessemer converb^r where it 
has been made. This process is named after Sir 
Henry Bessemer, who introduced it in 1856. 
The convert4*r8 are now lined with a substance 
called ganister, which is a compound of silicon, 
and ivhilst the liquid metal lies in tliem, air is 
blown into it by engines from below. Tlu^ 
ordinary dose of metal for a convi'fter may }m* as 
much as 10 tons, and this may all be eonvert(;d in 
half an hour. No wonder that more than 30 1 iines 
as much steel is now turned out as before 1856, 
and at only about one-fifth of the former cost. 

Basic Steel. To manufacture steel from 
ig-iron that contains phosphorus tluue has 
een introducu^d a method which is a simple 
modification of the Bessemer process. Instead 
of having a silicious lining like the ordinary 
Bessemer converter, the basic Bessemer con- 
verter has a lining of magnesium limestone and 
tar. This will withstand almost any tem- 
perature that successfully effects the removal 
of the phosphorus. 

It is still somewhat uncertain how we arc to 
describe steel from the purely chemical point of 
view. The difference between sttnd and pig- 
iron, or cast iron, is certainly very much more 
than a mere difference in the proportion of 
carbon that each contains. The carbon in cast 
iron is not really combined with the iron. Tlie 
carbon in steel is either combined with the iron 
or dissolved in it, and it is this that (Joubtless 
constitutes the essential difference. The objec- 
tion to the presence of phosphorus in steel in 
quantities greater than 1 per cent, is that such 
steel is brittle, or cold-short. A still smaller per- 
centage of sulphur also makes the steel britth*, 
and such steel is called red-short. 'The same 
applies to the presence of silicon and other 
impurities. Steels containing a considerable per- 
centage of carbon — anything above J per cent. — 
may bo rendered so hard by heating to redness 
and sadden cooling that they will scratch glass. 
But very hard steel is also very brittle, and in 
order to remove the brittleness such steel must 
be annealed or softened by a second process of 
heating and cooling. Mild steel is now employed 
for all purposes for which wrought iron was 
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formerly employed A steel rail will last about 
eleven times as long as an iron one. 

The Bessemer proeess, though it has revo- 
lutionised the whole subjeet of steel, is nover- 
th(*lc8s open to certain criticism. It does not 
produce the purest form of stet‘l, in order to 
obtain which wo must go hack to the cenumta- 
tion pr(.)CC8s already described, using the purest 
Sivedish iron. 

Iron Chemically Considered. We 

must now proceed to consider iron from tho. 
chemical point of view. The best way in which 
to obtain absolutely pure iron is by the a(’tion of 
liydrogen gas upon one of the ()xides of iron, 
w'liich th(^ hydrogen reduces. To rtHluce a body 
is to take oxyg(‘n from it, hence a nalueing agent 
itself undergoes oxidation whilst etfeeting the 
reduction of something else. But this pure iron 
is very unstable, for in th(‘ preseiUM^ of moisture 
and air it rusts very ra[)icjly, forming various 
compounds, such as the oxide. For practical 
purposes, tluu’efore, the surhus* of the iron 
requires to he treated with something which will 
withstand thc! action of the air. Such a sub- 
stance is zinc, or, rat lu'r, an alloy of zinc and iron. 
When thoroughly clean, wrought iron is dipped 
into a bath of melted zinc, whicli is d(‘posjted 
upon it. 3’hiH fjalrauiscd iron^ as it is called for 
some mystiTious reason, is in wide* use in virtue 
of its resistanci^ to all atmospheric action. 
Similarly, tlu* iron may b(‘ coated with tin, 
yielding the product of which wc. have lately 
hoard a good deal, called tin plate. 

Iron has very marked magnetic (pialitics. The 
lodestonvy for instance*, formerly used as a com- 
pass by sailors lod(‘stonc s(*ems to mean 
“ Icadingstonc ' is an oxides of iron, and h(jis the 
formula Fe .0 , . 1 1 is now usually known as mag- 

netite, or the magnet ic oxide. Other forms of iron 
are also ca])abl(‘ of easy magnetisation— that is to 
say, th(*y respond to the attraction of magnets, 
and can themsidves lx* conve'rted into magnets. 
Steel has similar propertie's, with greater power 
of maintaining the> magn(*tie tjuality. 

The other important oxides of iron are ferrous 
oxide, which has the formula FeO, and ferric 
oxide, which has the formula Fi?.^0;j. 

Difference between “ous” and “ ic.” 
Here wo may exj)lain, once and for all, 
the use of these two terminations “ic’' and 
•*ous.” When the Romans wanted to expr(‘ss 
fulness, they made an adjective terminating with 
the S3dlable O.VW.V, as for instance, aworosus. In 
Knglish, we contract tliis to nus, and this termi- 
nation of English words always has the same 
meaning as the. l..atin termination osu.^. For 
instance, there is our word amorous. Similarly, 
in chemistry, whenever thi* salt of a base con- 
tains more of that base than another salt, we 
describe the first by the tcjrinination ons, and 
the second by the termination ic. Hence, a 
ferrous salt, or a mercurous, or a stannous, tells us 
b^^ its name that it contains more, iron or mercury 
or tin than a ferric salt, a TYUTCuric or a stannic. 

Other ways of expressing the proportion of the 
base in a salt must be noted. They consist in 
attafdung the prefixes per and sub to the second 
half of the name of the salt. For instance, the 
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^salt FeClo, whicli contains more iron propor- 
tionately than the salt FcCl.., is usually called 
ferrous chloride, whilst the second is called 
ferric chloride. But the salt may be looked at 
in another way. We may say that the amount 
of chloride in the first salt is which means 
under; whilst the amount of chloride in the 
second salt is prr, which means through, or 
thorough, as in the word perfect. Hence, another 
name for ferrous chloride is sulichlorido of iron, 
whilst another name for ferric chloride is per- 
ch lor id o of iron, and we may speak when we 
please of the “ sub salts ” and the “ per salts,” 
to distinguish the two series. Let us now make 
a little table giving instancies of the use of these 
terms ; 

Ferric chloride, or Ferrous chloride, or 
Perchloride of iron, Subchlorido of iron, 
or Fe(^l;j. ■ or FeCL. 

Mercuric! chloride, or Mercurous chloride, or 
Perchloride of mer- Subchloride of mer- 
cury, or ITgCl._.. t!ui*y, or JTgCl. 

Iron in the World of Life. We cannot 
leave our consideration of this metal without 
referring to its roh in living matter. Iron 
is found in all tlie higher plants and animals ; 
indexed, it is possible tliat it may occur in every 
living thing. It is thus an t'ssc^nfial ingrediemt 
of the food of animals and of plants. In all the* 
higlier animals and plants — the tcTin higher 
must here be takc‘n as meaning all but the very 
lowest- iron givc‘S rise to very characteristie 
substances which liave a distinctive colour. Iron 
is indeed responsible for the colour of life in botli 
the animal and the vegetable world. The 
characteristic colouring matter of tlie animal is 
the red of its blood. This red is due to an 
exceedingly complicatc'd substance — bc‘Iic*ved l)y 
most chemists to have the most complicated 
molecule that is known — which is called liivino- 
globin. In every molecule of this substance 
there is always one atom of iron. Tlie process of 
breathing depends essentially upon the prosenco 
of this sui)stance, which has the power of taking 
up oxygen from the air in the lungs, and then 
carrying it by means of the circulation to the 
tissues which need it. 

The colour of life in th(' plant is the green of its 
leaves. This green substance, which is found 
occurring in minute granules situated at the 
circumforonee of the cells of the leaf [see 
BoianyI, is known as chlorophyll, and iron is 
an essential constituent of it. If a plant be 
nourished in such a fashion that no iron can gain 
access to it, it will come up blanched, containing 
no chlorophyll whatever, will very soon die, and 
will be unable to propagate itself. The service 
which the iron performs for the plant is exactly 
the converse of that which it performs for the 
animal, for whilst it enables the animal to help 
itself to oxygen from the air — oxygen which is 
then combined with carbon, and given back to 
the air in the form of carbonic ’acid, 00^. — it 
enables the plant to decompose the CO., in the 
air, taking the carbon into itself, #is the most 
precious ingredient of its food, leaving the 
oxygen behind. Ultimately the tissues of the 
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plant serve as' food for the animal, which 
oxidises them by means of the oxgyen obtained 
in the manner we have described. So the round 
continues, and the reader will see that iron thus 
plays an all important and double part in that 
incessant and complementary series of chemical 
changes in the animal and vegetable world 
which has been called the cycle of life. 

Carbon the Most Important Element. 
The next clcm(*nt w^hieh we have to consider 
is known as carbon. It is the most important of 
all tlie elements, and needs very detailed con- 
sideration. In the first place w^e must note that 
the chemistry of carbon has two distinct aspects, 
only one of w hich w'c can deal wdth at present. 
Reference has already been made to the fact that 
w hat used to be called organic chemistry is now 
known as the chinnistry of the carbon com- 
pounds, and to that w'e must return later. Here 
we shall have ciuito en(uigh to do to consider 
carbon in its behaviour uncornhiiied, or forming 
the siTn])lest compounds with oxygen. 

Unlikf' the elements which w e have lately been 
considering, carbon is not a metal. It may be 
obtained fioin eonipounds, such as the oxide, by 
means of liydrogen or potassium at a rod boat, 
since 1hes^> elements will reduce the oxide and 
leave free carl>on behind. Perhaps the purest 
carbon, howevi'r, is [irepared by heating sugar, 
which is a compound of carbon, hydrogen and 
oxygen. If sugar be heated to redness in a 
el()S(‘(l crueil)le, it is charred - that is to say, tin* 
other <‘l(‘ments are driven otF, and carbon alont* 
nunains. 

But carbon oec^urs in nature in the uncombined 
state, or, rather, in several states. The diamojid 
is a form o^ carbon, so is charcoal, and so is 
graphite (from the Greek rjrapho, I write), which 
is the so-called lead of lead pencils. Now, this 
fact - that carbon may exist in such wndcly 
ditferent forms — is an illustration of a general 
property wliich many substances possess, and 
which we cannot do better than digress to 
discuss here. 

Allotropy. Allotropy is the name applied 
to this property. It is sometimes also called 
physical isomerism. Chemically, the substance 
in (]m*stion is the same in eacli case. Phy^ii- 
cally, it differs profoundly ; sometimes it is 
crystalline, as in the case of the diamond; 
sonudirnes it forms crystals of an entirely 
different kind, such as graphite ; and sometimes 
it is not crystalline at all, like charcoal. The 
technical name for a substance which is not 
crystalline is amorphous, literally meaning 
shapeless. Other elements liave this property 
of allotropy besides carbon, instances being 
phosphorus and sulphur ; and numerous com- 
pounds have the same property, such as silica, 
the oxide of silicon, which occurs in the amor- 
phous state, and also in crystalline forms, such 
as the agate and quartz. The explanation of 
allotropy is hard to discover ; perhaps the most 
obvious fact connected with it is that the 
change of ph3r8ical state usually depends upon a 
change in temperature. Let us now return to 
the various allotropic forms of carbon. 

Continued 
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Section i. GRAMMAR 

Frequentative Verbs. Tht‘so cxpioss 
repeated or intensi^r action, and are formed 
either (1) in -to, -.so. from supine stems — r.r/., 
trarto - I handle (from traho, traxi. frndum — 
1 draw) ; curso - I run about (from 
cucvrri, cu7\s((m I run) ; or (*2) by adding 
~iin to the last consonant of tlu' present stcun 
e.f/., ropto - 1 ask often. All Frecpientatives 
are first conjugation. 

Inceptive Verbs. These express ]>egiii- 
ning of action, and are formed by adding -sr<> to 
the present sti*m of V(‘ibs, or from nouns by 
adding ■'aura or -fwo jmrnr.'icn I Ix'gin 

to grow young ; ujnefiro - 1 burst into tlume. 
All these are third conjugation. 


Desiderative Verbs. 'these* expr<*ss 
desire, and are formed by adding -utio to the 
sui)ine stem — c.f/., (\surio - I am hungry (from 
edt), ej^urn - I eat). All these are fourth 
conjugation. 

Quasi-Passive Verbs, 'these are tin* 
exact o])posite of Deponents. Depon(*nts are 
passive; in form jukI acl ivo in meaning ; (^tuasi- 
Passives an* active iil form and passive in 
meaning — r.r/., /io I am made ; exula I am 
banished ; Ikfo I am put to auction ; rapnla 
- 1 am beatt‘n ; renfo (compound of ro J 
go) ^ I am on sale (used as the passive of 
Vf^ndo — 1 sell). 


Defective Verbs. These lack som<‘ of 
a verb's usual fmrts : 

1. Odi (I hate), ) ^rnivi (I rem(‘ml)er), rupi (I 
begin), are perfects, without any present -st(‘m 
tenses. Novi (1 know), from nnsn), is similarly 
used. Thus: “To hate” -odk.se: “J re 
membered ” meyniiimim (phpierfect). 

Memini ha® Imf>erative luntienfo^ memnUftte. 

C(vpi and odi have perfect and future parti- 
t^iples— ptu.i and r.opliiru.s, os\i.s and o.sn.n(.s. 

2. Many verbs have perfect without supine, 
and some have neither perfect nor supine— 
e.g., most of the lnccptiv(; verbs. 

3. Inquam (I say) has tin* following parts; 

1. 2. 3. 


Present : inquam 

inquimus 

Imperfect : — 

Future : — 

Perfect : — 

Imperative : — 


inqiiis 

inquit 

inquitis 

inquiunt 

— 

intjuiebat 

— 

inquiebant 

intjuies 

in quiet 

inquisti 

inquit 

inque 

— 

inquitx; 

— 


Aio (I .«ay ay, I afiirrn) luis : 


Pre.se nt : aio 

a is 

ait 

Im})erfed : a it* bum 

(complete) 


aiuiit 

Pres. .snhj. : 

a ias 

aiat 

- 

— 

ai.'int 

Fari (to spt'ak) - (lepont'ut 

has : 

Fat nr (ho 


speaks); johor (I sludl six'uk) ; fare (speak 
tliou) ; fari, fafu.s, fund us. 


Impersonal Verbs. 'tlu'sc* arc con- 
jugat(‘d only in the third person singular of the 
finite verb, and in tin* infinitive. Th(‘y can be 
in any t<*nse. 

1. 'riie following are list'd with tlie accusa- 
tive; Oportd (it Ix'hoves), dn'd (it heseems), 
dedfcrt (it niisheset'ms). pe/t/ (it irks), />udct (it 
shaint's), pornifrf (it rt'pt'ids). faedd (it wearies), 
nihsrrd (it rnovt's pity) -all st'etuid conjugation ; 
also, ddvdat (it t'harms), and jural (it delights) — 
first eonjugatioii. 

2. The following are list'd with the dative: 
lAhd (it pleast's), Jird (it is lawful), liqUet (it is 
elt'ar) .st'eond conjugation ; also, acridit, con- 
fingit (thini), even it, rt our nit, expedit (fourth). 

Examples : Oportd me ire I must go. 
Licuit tiln ridcre ^ \‘ou wen* alhtwt'tl to laugh, 

3. Pvdd, pif/d, taedd, potnild, mi.'<(‘ri‘t, arc 
list'd with au ate. of the ])('rson fi'tling, and 
a genitive of wha,t t'.auses the feeling: Tacdet 
tnc vitae 7 atn weary of life. Tui me mkeret ; 
m< i pi(pf I pity you : I am vexed with 
my.self. 

4. Interest anti refert (it eoneerns, or it is 
im])(»rlant for) take* the genitive of tht* pel son 
eonet'rned — c.ty., ('aesari.s ioderesl ptoUetn faeerc 

-r it is (Cesar's intert'st to huild a lu’idgt;. [This 
const ruction is ran* with reff'd : say, ad (hv.sareni 
refert. \ Ihit po.sse.s.sive j/ronoun.s tirt* used in the 
ahlative feminine e.g,. Quid tned refert ■- What 
dot's it signify to me ? Magt.s ttulhus interest 
qnnm fno - "it conct'ins no one more than 
yoiu’self*. 

Irregular Verbs : First Conjuga- 
tion. 'rht; following are tht* most important 
exeejit ions : 

IVrfi'ct — ui. Supine -Uam. 
cre.po en‘])are ere] mi crt'pitum ereak 

* The mel and the tua probably agree with 
re understood. Med re fert was originally mme. 
rei fert, and tht'n rei lu'ing shortened to re, 
meat Iwcarne men. Jf this is so, mea interest is 
probably an imitation. 
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Similarly, cuho (Up. down), domo [tamp), pUco 
(fold), sono {sound), tono {thunder), veto {forbid). 


Perfect — ni. Supine — turn. 


soco 

secare 

seeui sectiim 

cut 


Perfect reduplicated. Supine — turn. 

do 

dare 

dedi datum 

give 

sto 

stare 

sleti statum 

stand 


Perfcct- 

-~vi. Supine — turn. 


juvo 

juvare 

juvi jutum 

help 

lavo 

lav are 

Javi lotum 

wash 



or lavatiim 



Note, ("onipoimds of do are of third con- 
jugation, and make -didi, -ditnm (except Hr- 
cumdo, pessurndo, and renumdo, whioli make 
-dedi, -datum), (.’om pounds of sto form -stiii, 
•stituin. 

Section IT. COMPOSITION 

The Oratio Obliqua. This construction, 
known also as Oblique Nairation, or the 
Accusative and Infinitive (Construction, is one of 
the most characteristic idioms of Latin. It is 
especially used where English has a clause 
beginning wdth that after (1) verbs of saving, 
knowing, thinking, believing, feeling ; (2) im- 

personal expressions, as “ It is clear, true,” etc. 

Rule 1. The subjc'ct is put in the acc. case, 
and all principal verbs are changed from indica- 
tive to infinitive, retaining their original tenses — 
e.g., He says that the moon is smaller fhan the 
'Sun — dicit Itimwi esse niinorem, sole (literally. 
He says the moon to be smaller). 1 know that 
I shall die — scio me moriturum esse. 

[Instead of dico . . . non, Latin uses nego 
~ I deny — e.g.. He said he did not believe 
= negavit se rredere.] 

Rule 2. All verbs, other than principal verbs 
{i.e., verbs directly making a statement), are 
put in the subjunctive. Inhere cannot be an 
indicative in Oratio (Jldiqua, This is very 
important. 

Examples : “ The slaves whom 1 now have 
here are most faithful ” is in Oratio Recta 
(Direct Narration), and would bo in Latin, 
“ Servi quos nunc hie h(d)e() sunt fidclissimi.” 
Turn this into “ reported speech,” or Oratio 
Obliqua, and we have “ He said that the slaves 
whom he then had there wore most faithful ” ^ 
dixit servos quos turn ibi haberet esse lidelissi- 
mos. [Note the change of “ now*” into “ then,” 
“ here ” into “ there, “ I ” into “ he,” “ have ” 
•into “ had.” and “ are ” into “ were ” ; but 
we still use “ esse ” for “ were,” because “ esse ” 
is both present and imperfect infinitive, and 
“fuisse” would mean “had been.”] Again, 
“ It is clear that, because the citizens are 
cowards, the city will be taken ” rnanifestum 
cst quod cives ignavi ,<iini, urbem caj)tura iri. 

Rule 3. Imperatives in Oratio Recta become 
imperfect subjunctive in Oratio Obliqua~e.gr., 
Recta ; “ Charge, my men,” said the general — 
Instate, milites, inquit imperator, Obliqua : 

The general said to his soldiers, ‘ Let them 
charge, ” = imperator militibus dixit, Instarent. 

Rule 4. Questions in tlie first arid third persons 
are rendered in Oratio Obliqua by the accusative 
of the person and the infinitive of the verb ; 
but questions of the second person become 
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imperfect or pluperfect subjuncti ve -e.g. , ('fhey 
said) Why is our general absept ? - cur ahense 
impemiorem ? (He said) Why arc you ad- 
vancing ? ~ ; cur progrederentur ? 

Rule 5. Ego, tu, nos, vos, cannot find a place 
in Oratio Obliqua ; me and nos become se, 
tu becomes ille, and vos becomes illi. 

Se and suns refer, as a rule, to the speaker— 
e.g.. He says that he will come — dicit se ven- 
turum esse. 

He said, “ Let them not forget his kindnesses ” 
~ ne suorurn bene ficior urn ohliviscerentur. 

If. however, suus is wanted to refer to the 
subject of some subordinate verb {e.g., oblivis- 
cerentur, above), then ipse is used to refer to 
the .speaker — e.g.^ Lt‘t them not forget their 
own cowardice or his kindnesses — ne suae 
igmiviae aut ipsius heneficiorum ohliviscerentur. 

Note. The translation of the Englisli con- 
junction that needs great care. When it means 
“ in order that,” “ so that ” (as “ He walked 
fast that he might warm hims(*lf ”), it should 
be translated by ut with subjunctive. When 
it means “ the fact that,” after any v(‘rb or 
phrase .sentiendi rel dedarandi (“ of feeling or 
stating ”) the aeeusative with the inlinitiv^ci 
must Iw used. In English wo can say, “ You 
were ill, he thought, and therefore absent.” 
But in Latin we must say, “ He thought that you 
were ill, etc.” [Putavit te aegrotare). 

To BE Turn El) into Latin Prose. 

The mhahitants of this island w'ore so bold 
that they would have preferred a thousand 
deaths [say, “ to die six hundo'd times ”) to 
disgrace, if the elioiee had hr^tm necessary. 
One bravt^ farmer was asked w^hy he would sooner 
die nobly on the field of battle than live ignobly 
at home. He answered, “ Because I am more 
afraid of shame than of death.” It happened 
once that they were invaded by the pow^erful 
nation of the Ventidii, who landcid on their 
shores, marched up to tlieir capital, devastated 
the country all round, and then laid siege to the 
city. The citizens determined to resist with 
boldness. Instead of throwing thorriscdves at 
their enemies’ feet, they sent away their families, 
their old men, and their treasures, and prepared 
to resist with desperation. Though they were 
prevented by scruples from committing suicide, 
they promised one another to fight so desperately 
that th(5 enemy should not take them alive. 
When they were all assembled in arms, theii 
general aadress<.*d them thus : “ Remember, 

citizens, that victory or death awaits you. 
I will say no more ; the enemy is at the gates. 
What reason is there for delaying ? ” 

Latin Version of the Above Extract. 

[I^atin prose composition can bo learned only 
by long and constant practice. The student is 
advised to translate the following Latin version 
literally into English, and then compare his 
English version with the English version as 
given above. This will give him a good idea 
of the difference between the English and the 
Latin ways of expressing ideas. Accuracy and 
clearness are the first essentials, and then the 
style should b,^ polished by constant comparison 



with the style of tfie b»\st Latin authors, sueh as 
Livy and (^ieero. Hints on stylo will be given 
from time to time during tbe remainder of this 
course.] 

Qui in hae instda liabitabant ii omnes qtittm 
essent suinina audacia pra‘diti, sescentitms 
mortem quam semel, si optandum fuisset 
(gerundive “ if it had to be chostm, if choice 
had to be made ”) infamiam obii'c mahiissent. 
E quibus agri(;ola qiiidam, vir fortissimus, 
rogatus cur potius vell(‘t militia* per virtulem 
emoq quam per dcdocus domi vivcrc, rcspondit 
sc ignominiam magis (piam mortfun timtuv. 
Quibus ita accidit \it Vcntidii, <jiue gens (‘rat 
potentissiina, in oorum fines navibus ingiessi, 
agris undique vast at is, urbeni quam maxiiuam 
habobant obsidcrent. Sed (puim oivibus visum 
csset sibi quam aceninu^ hostibus obstaiidum 
(gin'undivc), tantiim alu'rat ut sc iis ad pedes 
dejicerent ut, pecuniis ct lilieris et senibus 
dimissis, scse ad resistciidum aeeingcreut ut 
(as) qui do suis rebus des{>erarent. Religione 
quidem obstrieti (juominus sibi mortem con- 
sciscercrit, alii tamen aliis pollicebantur ses(‘ 
aerius jmgriaturos (pjam (pii ab hostibiis vivi 
ca]>er(‘ntur. Quos (pium armatos iiiijicrator 
eonvot'assel (short cru'd form of ('(mt'acavisset), 
jussit nu'minisst' aiit vietoriam aid morti‘m 
obeundam : se non plura dieturum ,* hostes 
ill is ad port as adcssc* : (pi id causie (partilivt* 
g(‘nitive, literally “what of reason'’) esM‘ cur 
jam moranadur ? 

Section III. TRANSL.VriON 

PeKOKITION ok (’iCERO's SECOND PlIIlJPl’TC 
Sl*EEr/f. 

ll(*sf)ic(*, ((Ua*so, ali(|uando reinptjblf<*u?i, 
HI. Antoni : quibus orlus sis, non (juilmseum 
vivas considcra : meeum. ul vol(‘s : redi cum 
rcpublica in gvatiain. Sed do tc* tu videris : 
ego d(‘ me ipso proliti'bor. Ihfendi rem- 
publicam adoleseens, non des(‘ram sc'ih'x : con- 
t(*mpsi Latilina* gladios, non perlimcscara tuos. 
Quin etiarn coiqms libenter ohtuh'rim, .si rt‘])ru** 
sentari morte riiea libcrtas ci\itatis potest: 
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ut aJiqiuindo dolor populi Romani parint, quorl 
jam dill partuiit. Llenim si abhinc annos 
prope viginli Iuh^ ipso in timiplo negavi posse 
mort(‘m immaturam ess(‘ eousulai i, (pianto verius 
nunc negabo.soni ? Mild vi-ro, patres consoripti, 
jam etiam optanda mors I'st, pu'funrlit* rci)iis 
ii.s quas adeptus sum (pias(jue gc'ssi. Duo 
modi) hjcc opto ; unuiu ul moriens populum 
Homaniim lilx'rum n‘linquaru — hoc mild majus 
ab dis immortalibus dari nihil potc'st - altcrum, 
ut ita cuique cv{‘niat ut dc repuhlica quisijue 
mereatur. 

* “ iVrfuncto " is dat. of the perf. pte., 
agret'ing with “ ndhi ’ : it governs an al)l., 
being compound of “ finigor." 

Kncmsii Vekmov ok Above. 

Bethink yourself of the Slate, 1 hi'seech you, 
even now, Mareu'^ .Vntiudns : think of those 
from whom you have sprung, not of those with 
whom you now associate : deal with me as you 
like, hut mak(‘ up your (juancl with the State. 
About your own course, boweviU’, you y()urs(‘lf 
will decide : 1 will opiuily pr'o((‘>s my own. 

1 defenih'd the vSla-te in my youth, I will not 
abandon it in my age: 1 scorned tlui sw'ords 
of Catilim*. I will not tear’ yours. Nay, rat hm*, 
f would gladly oiler my body, if by my di'ath 
the fri'edom of the Slate can he immediat(‘ly 
n*covered, so jjiat lit Iasi the pangs of the 
Jbiman pi-oph* may give birth to that with which 
tliey have so long Ixaui in travail. If, nearly 
twenty yiairs ago, I said in this very 
temple that (li‘alh could not- be iintirnely for 
one who had lilli'd Ilu‘ eonsulship. how much 
mo7’c tndy shall 1 say this now of an old man ! 
For me indet'd. Senators, death is even to h(i 
desiri'd, now that I have eomj)hded the course 
of honour and of achievement. 

I have only two wishes. Dm^ is that at my 
death f may lea\e the Jbunaii peoph' fri'c — 
and no gri^ator gift Mian thi-: could he granted 
me by Heaven ! d’lie othei* is that as each 
man has destuwaal of tin* State, such may be 


that man's rrwar’4l. 
( 'outintml 


ENGLISH 


THE VERB — continued 
Strong and Weak Conjugations. 

Engli.«ih verb« are divided into strong and 
weak, according to the manner in wdiieh they 
form their Past Indetinite tense. 

1. Verbs that form this tense by modifying 
the vowel of the present tense (without adding 
any suffix) are said to belong to the strong 
conjugation — as; shine, shone. The past parti- 
ciple of all strong verbs originally ended in -ew, 
and this ending still remains in many of them* 
(sometimes in the form of -n) — as: break, broke, 
broken. The past tense of strong verbs arises 
from contraction of the original reduplicated 
form ; for this tense w^as at first formed by 
reduplication— t.c., by repeating the root of the 
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verb (cj. in Lntin, jolio, jejeUi, where the re 
dll plication modifies the root vowel from a to 
e). With a fiwv ex(‘eptions, all strong verbs arc 
of one sylhihle only. TIk^ e.xeept ions are really 
compounds of simple Ncrhs, as jorgetj beget, 
awake, abide, etc. 

2. Verbs that form their past indetinite. by 
adding tlu* suffix -rd, -d, or 4 to tbe present 
t-ense jire said to lielong to tbe weak conjugation — 
as: treat, treated: feel, ft It. Wlien the present 
ten.se end.s ifi e, d only is added — as, lore, loved. 
The vowel // preceded by a consonant heeome.s i 
before this suflix — as : bnlli/, bullied ; pay, 
paid. A single tiiial consonant preceded by a 
single vowel is usually doubhxl before the 
HUffix — as; drug, drugged ; travel, travelled. The 
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'jjiftst participle of weak verbs is iianally the 
same in form as the past indefinite. If the pre- 
sent tense ends in d or the suffix is often 
dropped, and ])resenf, past, and j)a.st participle 
have all the same form — as; ro.s7, cost. 

All the verba in the Strong:; (Conjugation are of 
old Teutonic stock. The Weak Conjugation, 
while including some old verbs and some that 
wer(i once Strong, is mairdy eom[)osed of the 
verbs added at later times — e.j/.,at the Norman 
(Jonque^st. Kv(‘ry new verb now added to the 
language; belongs to this conjugation — as: 
telephoned, motored, eirrtrilied, yhofograplied. 

It is needless to give here a list of all the 
Strong and the Wt'ak Verbs in the English 
language. '1 he most int(‘resting v(‘rbs, how- 
ever, and those that present any difficulty, are 
now given. 


Verbs 

1. 

Present. 

of 

the Strong 

Conjugation. 


Past. 

Jhtst Parli>‘i jde. 

hi nd 


bou!)(l 

hound 

find 


found 

found 

grind 


ground 

ground 

fling 


clung 

clung 

fling 


flung 

flung 

sling 


slung 

slung 

slink 


slunk 

slunk 

atiek(a) 


stuck 

.stuck 

string 


strung 

strung 

swing 


swung 

swung 

W'ring 


wrung 

wru ng 

begin 


began, 

or beguri(/») 

begun 

drink 


drank, 

or drunk (/>) 

drunk, 

itr drunken(r) 

ring 


rang, 

or rufig(6) 

rung 

sing 


sang, 

or sung(/>) 

sung 

sink 


sank, 
or sunk((d 

sunk, 

or sunken(r) 

spin 


spun, or spun 

spun 

shrink 


shrank, 

or shrunk (/>) 

shrunk, 
or .'^hninken(r) 

spring 


sprang, 

or sprung! />) 

S})rung 

stink 


stank, 

or stunk(/>) 

stunk 

swim 


swam, 

or swum (b) 

swum 

win 


won Avon 

(old form, MY/ a] 

wind 


wound 

wound 

Notes. 

(«) 

Btick, now strung, was foinierly 


weak. 

(h) Thc.se form.s are not often used now. 

(r) Drunken^ sifuken, and shrunken ar(» now 
used only as adjectives -as; w drunken man; 


sunken rocks ; shrunken llanncl. 

2 . 


Present. 

• Past. 

Past Participle. 

blow 

blew 

blown 

grow 

grt'W 

grown 

know 

knew 

known 

throw 

throAV 

thrown 

draw 

drew 

drawn 

hold 

hold 

holden, or held 
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Present. 

Past. 

Past Participle. 

fall 

fell 

fallen 

lie. (to recline) 

lay 

lain 

slay 

slew 

slain 

see* 

.saw 

seim 

drive 

drove 

drivcm 


(old form, dravc] 

rith* 

rode 

ridden 

rise 

rose 

risen 

smite 

smote 

smitt(‘n 

chide 

chid 

ehiddi;n, or chid 


[old form, chode] 

hide 

hid 

hidden, or hid 

slide 

slid 

slidden, or slid 

strive 

st 1*0 ve 

striven 

strike 

struck 

stricken, 
or struck 

thrive 

throva; 

thriven 

write 

wrot(‘ 

written 

bite 

hit 

bitten 

eat 

ate 

eaten 

beat 

lieat 

lieaten 

bid [to ordtr) 

hade, or bid 

bidden, or liid 

giv«‘ 

gave 

given 

forsake 

for.'iorik 

forsaken 

shal<(‘ 

sliof)k 

shaken 

take 

took 

taken 

<‘ome 

eaim‘ 

come 

bear 

hoi’i*, or har(‘ 

borne, or born 

biYaik 

bi’()k('. or brake 

broken 

tear 

toiY*, or tare 

tom 

wear 

wore. 

worn 

weave; 

WOV(‘ 

woven 

spt‘ak 

spoke, or spake 

spok(‘n 

sf(‘al 

stole 

stolen 

•swc/ir 

swore, or sware 

sworn 

choose 

chose 

ebosfui 

fre(‘Z(; 

froz(‘ 

froziui 

"y 


flown 


Notk.s. Fall, frlh jallen is intransitive ; but 
the kindred verb to tell is transitive, and regular 
of tlu‘ weak conjugation — as: ‘"The woodman 
jelled tht; trta*.” Fore, brake, tare, spake, swnre 
are not used in modiun English. 

Borne iiK'ans carried ; born is used of birth, 
ehietly after the vi'rb “to be.” Exam})1es ; 
“ Which have borne. tb(‘ burden and beat of the 
day” (St. IMatthew) ; “ Where is He that is 
horn King of the J(‘ws ? (St. Matthew). 

3 . 


Present. 

Past. 

Past Participle. 

abid(‘ 

abode 

al)ode 

awake 

awoke 

awoke 

stand 

stood 

stood 

trcafl 

trod 

trod, or trodden 

sit 

sat 

sat 

get 

got (gat) 

got (gotten) 

hang 

bung 

hung 

run 

ran 

run 

burst 

burst 

burst 

shoot 

shot 

shot 

S(‘cthe 

sod 

sodden, or sod 

spit 

spat, or spit 

spit 

fight 

fought 

fought 

Notes. 

Awake, as a strong verb, is intransi- 

tive, meaning “ I wake up.” When it ia transitive, 

moaning ” 

I rouse aomo-one,” 

it ia weak, and 


has awaked, awaked for its past tense and past 
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participle. Similarly with hang ; when in- 
transitive it is strong — as; “He hung tliore'for 
three hours ” ; when transitive, it is weak — 
as; “ But he hanged the chief baker.” 

Seethe, meaning to huil, is v(Ty seldom used 
now, except in a figurative senses — as ; “ A 
seething mass of men.” Ihe original sense is 
seen in the expression, “ And Jacob sod pottage ” 
(Genesis). The past partirijJe sodden now 
means “ soaked through.” Seethe, is now 
usually weak, making seethed, seethed. 

Verbs of the Weak Conjugation. 

1. Some lose the suffix and shorten the 
vowel — as : 


Pres. 

Past. 

P.Part. 

Pres. 

Past. 

P. Part. 

bleed 

bled 

bled 

meet 

met 

mot 

breed 

bred 

bred 

read 

read* 

read* 

feed 

fed 

fed 

speed 

s])ed 

sped 

lead 

led 

led 

light 

lit 

lit 


* Pronounced red. 


2. Some lose the sulfi.x without changing 
the vowel ; but they change the final ~d 
into 4 : 


Present. 

Past. 

Past Participle. 

bend 

bent 

bent 

lend 

lent 

lent 

rend 

rent 

rent 

send 

sent' 

sent 

spend 

spent 

spent 

wend 

went , or wended 

wended 

build 

built 

built, or bui filed 

blend 

blended 

blent 

gild 

gilt, or giUhnl 

gilt, or gilded 

gird 

girt, or girded 

girt, or girded 


3. Some lost* the suffix and tshow no chang(* 
at all. The following have the same form 
throughout: fVi.*?/, cost, cut, hit, hurt, knit, let, 
put, rid, set, shed, shred, shut, slit, split, spread, 
thrust, and hid (meaning “ to oll'cr at an auction, ’ 
as “ He hid £5 for it yesterday ”). Let, meaning 
to hinder, comes from lettan ( to hinder, ef. late), 
while let, meaning to allow, is from laetau 


(French laisser). 


4. Some iH‘taiii the suffix, 
otherwis(* alter the vowid : 

but shorten or 

Present. 

Past. 

Past Participle. 

beseech 

besought 

besought 

buy 

bouglit 

l)ought 

catch 

caught 

caught 

bring 

brought 

brought 

sell 

sold 

sold 

seek 

sought 

sought 

teach 

taught 

taught 

think 

thouglit 

thought 

tell 

told 

told 

work 

wrought 

wrought 

can 

could 

— 

may 

might 

— 

will 

would 

— 

shall 

should 

— 

bereave 

bereft, or 
bereaved 

bereft 

creep 

crept 

crept 

deal 

dealt 

dealt 

dream 

dreamt, or 
dreamed 

dreamt 


Present. 

Past. 

Past Participle. 

feel 

felt 

felt 

Hee 

fled 

tied 

hear 

heard 

heard 

keep 

kept 

k(‘pt 

kneel 

knelt 

knelt 

lean 

leant, or 
leaned 

leant 

leave 

left 

left 

lose 

lost 

lost 

mean 

meant 

meant 

sleep 

slept 

slept 

sweep 

swept 

swept 

weep 

wept 

wept 

lay 

laid 

laid 

say 

said 

said 

shoi‘ 

shod 

shod 

Verbs of 

Mixed Conjugation. Some 

verbs are found in h©th < 

conjugations, while 

others eitluu* t 

“ombine a w* 

eak pa‘it participle 

with a strong 

past tens(‘. 

or a strong past 

partiei])le with 

a weak past tense. 

Present. 

Past. 

/hist Partici pie. 

shear 

shore 

shorn 


sheared 

sht‘ared 

elimi) 

elomh 

- 


el imbed 

climbed 

efi‘ave 

clove 

cloven 

( - to split ) 

clave 


cleft 

cleft 

heave 

hove 

hovm 


lieaved 

hcavi.‘d 

dig 

dug 

d\iK 

digged 

digged 

crow 

crew 

(‘row(‘d 

crowed 

help 

lielped 

holpen 

hel])ed 

hew' 

hewed 

hewn 

lu‘wed 

lade 

laded 

laden 

lo'ie 

lost 

lost, lorn 
(as in ft tr lorn) 

melt 

meltiHl 

molten 

melti‘d 

mow 

mowed 

mown 

mowed 

rive 

ri ved 

riven 

rived 

saw 

saweel 

sawn 

saw(*d 

shapi' 

shaped 

si) a pen 
shaped 

shave 

shaved 

shaven 

shav<?d 

shew. 

shewed. 

shewn, shown. 

or sIh^w 

or showed 

or shewed, 
showed 

HOW 

sowed 

sown 

sowed 

strew 

strew'cd 

stn^wn, strown 
st rew'cd 

sw'ell 

sw'cllcd 

swollen 

swelled 

wash 

washed 

washen 

washed 
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^ Present. Past. Past Participle. 

wax waxed waxen 

( to grow ) waxed 

do did done 

go I went ) gone 

Notes. Went, used as the past tense of go, 
is the past tense of wend — as in “ to wend one's 
way.” 

Crew (from crow) is rarely used now\ and only 
of the literal erovving of a eook“f>.{/., “ the 
cock crew.'' When ustnl of the crowing of 
babies, etc., the })ast tenst^ is always crowed. 

Many of the above forms are now' obsolete — 
e.g., holpen (” Ife hath holpen his servant 
Israel”), hoven, washen, imren ('‘The children 
of Israel were waxen strong ”) ; and some of the 
past imrtici])le8 are used only as adjectives - 
e.gf., a molten image, the cloven hoof, a shaven 
head. 

Clothe, have, and make form clad, had, and 
madcj w'hich are contracted from clothed, hared, 
and maked. 

Tight, straight, dight (adjectives) are w'cak 
past participles of tie, stretch, deck ( - to adorn). 
Distraught is an irregular past partici]de of 
distract. Fraught is sometimes said to 1)C the 
participle of “ to freight,” but probably it is 
not connected with any verb. 

“ Lie and “ Lay.” So mucli confusion 
is prevalent concerning these two verks that a 
special paragraph seems needful in this con- 
reetion. We can leave out of consideration 
to lie, meaning to tell an untruth ; for tliis verb 
is of the weak conjugation and perfectly regular, 
lie, lied, lied. 

Examples : “He lied like a trooper,” “ You 
have lied to me more than once.” 


The confusion arises between to lay and to lie 
(meaning to recline), because the past tense of 
lie in this sense is lay. Let us compare the 
principal parts of the two verbs. 

Present. Past. Past. Part, 

lie lay lain 

lay laid laid 

To lie is strong and intransitive ; therefore, it 
cannot govern an object or be used in the 
passive voice. I'o lay is weak and transitive ; 
therefore it must have an object expressed. 

Examples : “He lay there for several hours,” 
“ I have never lain on a softer bod,” “ That 
hen laid an egg yesterday,” “ Having His 
hands upon them. He blessed them.” Of 

course, we can say either “ They lay down ” 
or “ They laid themselve^s dowm ” ; the meaning 
is practically the same in either sentence, but 
the verb in the first is intransitive, and in the 
second transitive (with themselves as object). 

ExER(asK. 

Correct, ?'/ necessary, the following senUmces : 

1. 1 will both lay me dowm in peace, and 
sleep. 

2. We ought to lay down our lives for the 
brt'thnm. 

II. I am going to lay down. 

4. He lied when ho said that he had lain his 
work aside and had laid down all tlie afternoon. 

5. Having lain motionless for sonic time, I 
began stealthily to cr(u>p along. 

(). Wlien he has laid his burden down, lit? will 
be a different man. 

7. Lay hert' and rest ; lay your head upon 
this pillow'. 

8. It has been laid upon me that T ought to go. 


Cimtinued 


FRENCH 

NOUNS AND ADJECTIVES 
The Feminine 

1. Certain nouns have masculine and feminine 
forms consisting of wholly different w'ord.s, as 
in English. Tin* chief of these arc : 


Masculine. 

Feminine. 

helier, ram 

brehis, ewe 

hone, he-goat 

chevre, she-goat 

cerf, stag 

biche^ hind 

cheval, horse 

jument, mare 

cochon, pig 

truie, sow 

compere, go.'^sip 

cornmere, gossij). 

coq, cock 

poule, lu n 

garQon, boy 

fille, girl 

gevdre, son-in-law 

bru, daughter-in-law 

homme, man. 

femme, woman 

jars, gander 

(de, goose 

lUvre, hare 

hase, doe-hare 

mdle, male 

femelle, female 

memsieur, gentleman 

dame, lady 

neveu, nephew 

niece, niece 

oncle, uncle 

tante, aunt. 

papa, papa 

nmman, mamma 
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M n sen I in e. Fe.mi nine, 

parrain. godfather marraine, godmother 

pvre, father mere, mother 

roi, king reine., queen 

fa urea u, hull vache, cow 

2. Certain feminine forms retain the masculine 
stem, but are irregular in their termination : 

Masculine. Feminine, 

amhassadeur, amhas- amhassadrice, ambas- 
sador sad. ess 

canard, drake cane, duck 

comqKignon. com- com])agne, com- 
panion panion 

devin, soothsayer devineresse, soothsayer 

dieu, god dhsse, goddess 

dindon, turkey dinde, turkoy-hen 

due, duke duchesse, duchess 

empereur, emperor im>peratrice, empress 

gouvcrne.nr, governor gouvernante, governess 
hhos, hero heroine, heroine 

Ump, wolf louve, she-w'olf 

mulct, mule mule, mule 

perroquet parrot perruche, parrot 

•poulain, foal pouliche, nlly 

serviteur, servant servante, servant 
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3. The names of many animals have only one 
form. In that case, when there is any necessity 
for indicating the difference of sex, it is done 
by adding the words mdh or femelle. 

Formation of the Feminine 

Such nouns as have feminine forms follow 
the same rules as adjectives for th(5 formation of 
the feminine. Tliese rules are as follow ; 

1. To form the feminine of nouns and iuljec- 
tives add a mute e to the masculine : grande 
grande, large ; petit, petite, small ; mnrgnk, 
marquise, marquess ; ami, amie, friend. 

2. If the masculine ends in mut(‘ e no change 
takes place : jcMiu (m. and f.), young ; uimable 
(ra. and f.), amiable. 

Exceptions : The following nouns, ending in 
mute e, form their feminine by changing e into 
esse : 


dne 

ass 

dnes.se 

chanoinc 

(!anon 

rharudnesse 

comte 

count 

conitesse 

druid e 

druid 

druid esse 

hole. 

host 

hote.s.se 

matlre 

master 

7naitre.s,se 

n^iddlre 

mulatto 

m uWresse 

negre, 

negro 

n egresse 

pretre. 

priest 

prelresse 

prince ^ 

priiKM? 

prinres.se 

.prophete 

jirophet 

prophelesse 

tigre. 

tiger 

tigresse 

traitre 

traitor 

traitressc 


When mvldtre and negre are used as adjectives 
they have the same form for both g('nders. 

3. Nouns and adjectives ending in el, eil, ni, 
ten, on, d in the masculine, form their 
feminine by doubling the final (consonant and 
adding mute e : inr^rtel, mmtelle, mortal ; 
pareil, pareillc, similar; europecn, em’opeemie, 
European ; mnsicien, musirienne, musician ; 
mignon, mignonne, dainty ; muet, mudte, mute. 

Exeeptions : The following adjectives in 
et, instead of doubling the I before adding mute e, 
take a grave ae(;eni on the e. that ])reeed('s it : 


compkt 

complete 

complete 

incompht 

incomplete 

incomplete 

conxrd 

con<Tet(i 

ctmcrHc 

discret 

discreet 

discrete 

indiscret 

indiscreet 

indiscrete 

inquid 

anxious 

inquiefe 

replet 

corpulent 

replete 

secret 

secret 

seer He 

4. The following adjectives 

also form their 

feminine by doubling the final 

consonant and 

adding mute e : 
has 

low 

basse 

epais 

tiiiek 

epaisse 

exprh 

express 

expresst 

gentil 

pretty 

gentille 

gras 

fat 

grasse 

gros 

big 

grosse 

las 

tired 

lasse 

nvl 

null 

nulle 

pdlot 

palish 

pdlotte 

paysan 

peasant 

paysan7\e 

vieillot 

oldish 

vieilloUe 


5. The five adjectives, beau, nouveau, jon, 
mou, and vieux, which an? used only before nouns 
beginning with a consonant or as])irated h., 
have a second inas(rnline form, bet, nouvd, fol, mol, 
and vieil, which is used befoni a vow(*l or sih nt 
h. The second masculine form of these ad- 
jectives is not required in the plural, because 
there the final x or s prevents any harshness 
of sound before a vowel. Thus, th(‘ plural form 
of beau and of bel is beaux. The huninine is got 
from this second form by doubling the final / 


and adding a mute e. 

beau, bel beautiful belle 

nouveau, nouvel new nourelle 

fou, fol mad folic 

mou, mol soft moUe 

vieux, vieil old rieillc 


0. Nouns and adjecMves ending m er form their 
feminine by putting a grav(? accent on the c 
preceding the »*, and adding mute e: legei , 
ie.qere, liglit ; premier, premiere, first; berger, 
berg ere, shej)heid ; laitier, laitiere, milkman. 

7. Th(? feminine of adjectives ending in gu is 
ff>rmed hy adding a mute c with a dia*resis (e): 
aigu, nigue, sharp ; ambigu,nmhigue, ambiguous. 

H. 'rhe fcaninine of adjectives ending in ) 
changes / into rif,v'or, lively; bref, breve 
short; 7ieuf, neuve. new. 

9. The feminine of adjectives ending in x is 
formed by changing x into .se : henreux, hdtreuse. 
happy ; jnloux. jafouse, jealous. 

Exeeptions : 


donx 

douce 

swei‘t 

fa u c 

f(i u.s.se 

falsi*. 

prefix 

prefixe 

pri'fixed 

roux 

rou.ssp 

red-ha»red 

vieux 

ineille 

old 

10. Of the 

few adjectives 

ending in r the 

fol)(»wirig three form their feminine by elianging 
c into rlie : 

btane 

blanche 

\\hitc 

franc 

jranehe 

frank 

sec 

serhe 

dry 

The others ( 

•liange c into gue 

; 

caduc 

cadugue 

decrepit 

public 

publigue 

public 

Turkish 

lure 

furgue 


Grer. 0?‘eek. retains the r, grergue. Wlien 
franc moans Frankish, its feminine is jrangve. 

11 Nouns and adjectives ending in enr form 
their feminine in four difiVrent ways : 

{a) Nouns and adjectives in eur derived 
directly from the juvsent participle of verbs by 
changing a 7 d into eur, form their feminine by 
changing eur into ruse: Irompeur, trompeu^e 
deceitful ; boudeur, bnu/leuse, sulky , dnnseur, 
danse u^e, dancer ; peek eur, peeheuse, fisher. 

(b) Nouns and fidji^etives ending in eur pre- 
ceded hy t (teur), in which th<- t Ix'longs to the 
ending and not to tin? stc'm of the word, form 
their feminine hy changing tear into trice. Many 
of them have corresponding English forms in 
tor : acteur, aclrice, actor : c<mducteur , conductrice, 
conductor ; crexiteur creatrice, creator ; execu- 
tejur, exiculrice, executor. This rule does not 
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apply to such words as the following, in which the 
t belongs to the stem : achetevr, acheieuse, buyer : 
menteur, menteua^^ liar ; flattcMr^ flaUeme, flat- 
terer ; portfvrs jxtrfeuAe, bearer 

(r^ Nouns and adjei^tives ending in enmr 
(- English erior), together with the three words 
meillevr, better ; inajeur, major, and mineur, 
minor, form their feminine regularly by the 
addition of mute e: supcrin/r^ auperieure, su- 
perior ; infeneiir^ infhicure^ inferior. 

id) Some words in mr^ that may be used both 
as adjectives and as nouns, form their feminine 
by changing eur into cresf<p. They are : 

enrhnnteur enchanterpsae. enchanting 

pecheur pp.rherfsse sinner 

vengeur vengeres?e. avenger 

In legal ])hraseology defpndmr and (hniandem\ 
defendant and plaintiff, have the feminine forms 
defenderesse and dernanderesse. 

The ordinary feminine of cjmntpur is chanteuse^ 
but when applied to a profes.sional singer it is 
carUatrice. Chasaeur^ hunter, if ever used in 
the feminine, has both chfm'ieusp and chaMerease. 
The latter form is poetical, and occurs almost 
exclusively in connection with Diana and her 
nymphs, Impostexir has no feminine form as a 
noun, and is never used in the feminine as an 
adjective. 

(p) The following forms do not come under 
any special rule : 


long 

longue 

long 

oldoTUf 

oblong ne 

oblong 

henin 

henigne 

benign 

malin 

maligne 

malicious (sly) 

coi 

coite. 

still (snug) 

favori 

favorite 

favourite 

frais 

jratche 

fr(‘sh 


(/) Tiers, an old form of the ordinal numeral, 
third (now troisieme), is stdl used in a few 
expressions, and has tierce as its feminine — e.g.^ 
une Herce personne, a third party. 

IJehreue, as the feminine of hehreUf Jewish, is 
seldom used ; it is only applicable to persons, 
and is practically superseded by juive, Jewish. 
In any other case, the feminine form hehraique 
is used — e.g., la langue hehraique, the Hebrew 
language. 

When the feminine form of a noun or of an 
adjective requires a grave accent it is for the 
purpose of preventing two mute syllables, 
that is, two syllables ending with a mute e, from 
coming together, thus : sec, se-rhe ; bref bre-ve ; 
berger, herqe-re ; secret, secre-te. 

In exprh the grave accent of the masculine 
form disappears in the hmiinino because the 
open sfmnd which it gives the e is obtained by 
the addition of se, and it consequently becomes 
superiluous. 

The dijeresis on the mute e of such feminine 
forms as aigue. indicates that the sound of the n 
is to he retained. Wilhoiit it the g alone would 
he heard as in tlie English word “ egg.” 

Tie* addition of mute e to a noun or adjective 
ending will) a consonant causes the final, which is 
frecjuently silent in the masculine, to be dis- 
tinctly heard, thus samntt), savant(p), l(*arned. 
In the case of a vowel ending, the mute e slightly 
lengthens the vowel sound, thus : joli, jolie, 
pretty ; ami, amie, friend 

The plural of the feminine forms is formed 
like that of the masculine by adding s: Les 
'jK)ires sont bonnes, the pevvrs are good. 

Aclje(dives agree in gemder and number with 
the nouns which they (|ualify, thus : Varhre cst 
hauf, les arhres sont hunts ; la belle, fleur, les 
belles fleurs. 


Contiiined 


GERMAN By P. G. Konody and Dr. Osten 


Gender of Nouns 

VII. In German the following are of Mas(!U- 
LiNR Gender : 

(a) the substantives, denoting male per- 
sons and animals, and many inanimat>e 
objects ; 

(b) the names of the seasons, months, days, 
and stones ; 

(c) all nouns ending in m, except those of 
Latin origin. 

Examples, {a) ber (Sefin, son: bev 'lumber, 
brother; ber Cnfd, uncle; bev .Itnabc, boy; ber 
old man (greybeard); ber lion; 

ber Xiger, tiger; ber ihu, bear; ber 39clf. wolf; 
ber 9lbler, eagle; ber ffalfe, falcon; ber ^pcrlin^, 
sparrow; ber ^Ben^, mountain; ber river; 

ber ’Baum, tree ; ber 'lihnb, wind, 
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( 6 ) ber Svubliitvt, Spring ; ber (SiMumcv, Summer ; 
ber A>frbft, Autumn ; ber 5i'mtcr, Winter; ber 
SDli'uat, month ; Aanncr (also Aanuar), January ; 
bev JVcbvuar, February; bev SDlar;^, March; ber 
Vlpril, April; ber 3}hu, May; ber 3uiii, June; 
ber Auli, July; ber \H 1 u 3 ufl, August; ber Gcptcmfccr, 
September; bev Cftcbcr, Octolx>r; ber SUobcmber, 
November ; ber U^e^embev, December ; but 
bai^ Avibr(n.), the year; bic 'ilitod)e (/.), the week; 
Dcr Ta^v the day; and bie 91a(l)t, tfie night; 
ber aUoiitaiV Monday; ber Tiicnjla^, Tuesday; 
ber aihhR'cc^, JDonncrflaiV f^reitaiv Sanijlai^ (or 
veennabenb), (Senntag, (Wednesday, Tliursday, 
Friday, Saturday, Sunday) ; — ber (Stciu, stone ; 
b^r iTianiant, diamond; ber JHubin, ruby; ber 
^maragb, emerald ; ber »^iefcl, pebble ; ber 3 Karmor, 
marble; ber (^ranit, granite. 

(c) ber Sturm, storm ; ber ^cf^marm, swarm ; 
bev Vlrm, arm ; ber 'llhirm, worm ; bet Sdrm, noise ; 
ber Vltem (or Obettt), breath. 
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Exceptions: tic Jvorni, form; bic Svivm, farm; 
bag 'puHifiim, thopublk*; and other deri* 
vations from the Latin. 

There arc of course many o'lu^r nouns of 
masculine gender, but there are so many 
exceptions to the rules which could Ijc 
formed, that it is simpler to follow the practice 
of learning each of those nouns with its definite 
article. 

Thus, c.f/., ber sound; but bat< tlTJctaU, 

metal; and tic Ih'aduivVhl, nightingale; tev iUebd, 
fog ; but tic iUabcl, needle ; and tic isabd, fable ; 
ber ring; but tail Tiiu^, thing; ber illhuvn, 

stomach; but bajs (^ifen, iron; ber .'>afev, 
oats ; but bie SDlviucv, wall ; and taci Rcnftcr, 
window. 

1. The grammatical and natural gender do not 
always coincide in (h'rman. Thus tlie diminutives 
of masculine and feminine notins arc^ muiier, 
and are formed by the sulhxes d’cn or Icni: 
ber 'ihitcr — baci 't>atcrd'cu (or '^^dtcvlciu), little 
father; bev 3Jlann — bvic< llldiiud'cn (or Sluiunlcin), 
little man ; tie SJliittcv — bad ^Lliuttcrd)cu (or 
^iJh'itrcvlcin), little mother; bic icdncr — bad 
Tcd)tcrd)cn (or ied^tcvlciii), little daughter. 

Note, bad 'hvVib, woman; bad <vi\iulciit, young 
lady; bad SUIatd'cu, girl. Tic ^hhufe, orphan; 
ber \£diutliibb baby or infant; and tad .Hint, child; 
are used for both sexes. 

Gender of Adjectives 

VIII. The Ai)JE<!TIVE agrees (a) in gender, 
numlHT and casowilh the substantive which it 
precedes, (Aitrihufive Adjective). When used ns 
Predicate (h), that is to say, after the auxiliary 
verbs fein and n^erben, it remains unallered. 

Examples: diligent ; ^pil, good ; fd'led't 

bad; fdK'ti, beautiful; bafdid', ugly; rcid), rich 
arnt, poor ; bed), high ; ftarf, strong ; |dm\id\ weak 
fur^, short; Uunv long; rot, red; vpiui, green 
irciti, white; blaii, blue; y^clb, yellow; fd)U\iM 
black ; ifrau, grey ; braun, brown ; fait, cold 
toann, warm ; Ur tepid ; bfibf hot ; uadd, w(‘t ; 
troden, dry. 

Indicati vc : 

it icb lob c 1 praise, 

eft or fl bii lob(c) )l thou j)raisest. 

;cl or t cr lob(c) t he praises. 

on trir lob cti we | 

?ft or d ibr lob(c) t you praise, 

fcn fic lob-cit they j 

3. The -c of the inflections in the 2nd and 
pers. sing, and pers. plnr. is gciu;rally 
dropped in the Indicative, but retained in 
the Subjunctive of verbs with stems ending 
in -b, -fb *b -tb: (vcb-cu, to spe^ak; vbfl-cii, 
to roast ; Idut-cn, to ring ; errotb-cn. to blush ; 
etc.), and wherever its omission would result 
in harsh or difficult pronounci at ion, for 
instance, in the 2nd pers. sing, indie, of verbs 
with stems ending in hissing sounds; -f, -ff. 


(i») ber ^.knabc i|t flcij^i^^, the boy Is diligent ; 
bic Sal’ll* ifl ficifiivt# the woman is diligent; 
bad .ftiiib ift flcif;ii^, the child is diligent. 

(Examples for {a) w ill follow in chapter dealing 
with the declension of the adjective.) 

The Interrogative 

IX. The Direct Question is formed by 
phicing the v(Tb with the pei’sonal (ormination 
at the beginning of the senten(*e. d'hus in the 
sentence; iil' babe vV'fd'lafcu, (I hav(? slept); 
babe is tlio verb with the personal termination, 
and the form of question would be; A'vabc icb 
iV'fd'lafm ■j' 

Examples: 

Ad) avnt, 

I am poor, 

id) avni‘^' 

Am T poor ? 

‘‘h'iv fi'iib void', 

We are rich, 

^inb U'iv void'? 

Are wo ricdi ? 

Tic isvan luit cin .Uinb, 

The woman luis a child, 

Sm bic Avail ciu .Uiiir? 

Has the woman a eliild ? 

1. Under no cireumstanees is the; verb lb»n (to 
do) lo be used in questions, as in English. Thus, 
Do you speak (Jerman*/ is never translated: 
.4 bun '3ic Dcutfdi I'vvcd'cnV but always; <cvvcd)cit 
'2tc rcutfd)V (Speak you Uerman ?). 

Did you s]>eak ( lermau ? is always rendered as ; 
Spoke you ( ierman ? beutfeb’O* 

Conjugations of Verbs 

X. The CoN.iroATioN oe the Verb is oil her 
weak, st rong, or mixed. The majoiity of ( fcrnian 
viwhs take the weak conjugal ion. 

1. 1’h<i distinguishing feature of the weak aiul 
strong conjugations is the formation of the 
Imperject, the former by suflixes aloiu*, 
and the latter by change of the stem vowel. 


Th(^ 

vv(“ak verbs never 

modify the stem 

vow 

cl. 


Infl( 

‘ctions of weak verbs in the Present 

Tense : 



Suhjunrtive 


f 

id) Icb c 

1 praise. 

eft 

bu Icb cin 

thou [iraisest. 

c 

cr Icb c 

he praises. 

>fU 

U'ir Icb cn 

we j 

-Ct 

il)v Icb ct 

you 1 praise 

;fU 

fic Icb cii 

th(>yj 


fd>, like: h\'id-cii, to dine or eat ; baff-cn, 
to bate ; laufd'-nt, to listen ; fd)nal^-c», to 
smack one's tongue ; etc. — fvcifcft, Ibijlcft, etc. 

4. Verbs ending in -clu east off the c of this 
suffix in the l,stprrs. .sing, indie. ^ for similar 
reasons of euphony: to act, to. 

bargain, id) bant(o)l-c; fdd)cbt, to smile, 
id> lad'(f)l-i'. The c is, however, retained in 
the 2nd and 3rff pers. aing.x bw banbcl-ft, 
cv ladu'Ut, (?tc. 
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^ Declension of Pronouns 

XI. The Declension of the Personal Pronouns. (The numbers 1—4 indic ate ti:r four cases.) 
Sirignfar \fit Pf'rson 2nd Pnson 'Srd Person 


1. icl> 

2. mcincr 

3. mir 

4. tiiirf^ 

1. tviv 

2. luifcr 

3. mux 

4. umx 

The 

proverbs. 


ru tliou 

t'ciiKV (tcin) of thoo* 


or ho 

fi'incr (fein) of him 


(nuin) of me , , , 

to me tiv to thee ilnn to him 

mo rid) tliee itfU him 

Plural Plural 

we ihr you 

of us cuev of you 

to us cud) to you 

us cud' you 

bracketed form of tlu? 2nd pers. sing., mciu, tciii, 
and exalted speech. 


fie she 

il)i‘cr of her 

il)r to her il)m 

, fic licr ctx 
Plural (for all 3 genders) ^ 
ftc they 

il)vcv of them 

iluicn ^ to them 

fic * them 

fciii, is sometimes used 


ce( it 

feiuer (feiu) of it 
to it 
it 


poetry. 


EXAMINATION PAPEP III. 

1. Which Gorman nouns have the masemline 
gender ? 

2. What is the difTerence between the adjective 
used iis a })rodicate, and the adjective when 
it precedt‘s the noun ? 

3. What is the distinguishing feature of the 
weak and strong conjugation ? 

4. What is the gender of diminutives ? 

/). In what way does the Gorman form of question 
differ from the FInglish ? 

6 Which conjugation (strong, weak, or mixed) 
is taken by most German verbs ? 

7. Do the w’eak verba ever modify the stem vowt* 1 ? 
8- What is the peculiarity of the conjugation 
of the present tense of verbs ending in -clu ? 

9. What is the peculiarity of the conjugation 
of the present tense of verbs with stems 
ending in -b, -fl, ,t and -tb ? 

Exercise 1. Insert in tlie dotted places the 
auxiliary verbs ^at'cu (to have) and U'evbcn (to 
become, to get), and the articles. 

Ad? '^batev unb aihittcv. 

I have a father and a mother. Thou growest 

ftarf. t^r Vcl'vcv, ... ivvem ... . , . , 

strong. He has a teacher. Tlie w^oman has a 

!3Kanu Uiur .... ficijlig 

husband. The child becomes diligent. Tlie 

9)lurtcv .... ,Hiubcv, . . . Slhiuucv nifd'. 

mothers have children. The men have a fish. 

Al?c Culcl; fie 2clju. 

You have a uncle; they have a son. 

.... 9JhibdKn fd)LMt, 

The girl becomes (is getting) beautiful 

Uiubev .... fleituvv 

The children become diligent. 
Exercise 2. Insert the deHnite article. 

.... 'IH’ubcc .... 3)2uttcr iff. . . Dufcl . . . Seftnctl 
The brother of the mother is the uncle of the son. 
.... Vihve ift ftavf. .... 'I^cvvj ift l)cct). 
The lion is strong. The mountain is high. 

. * . . 9(iutuft ift irarm {y'-ul?Iiiut ill fd)ciL 

[tlie] August is warm. Spring is beautiful. 

.... iaiv U'cvbcn '^uba'iub ill n'avm. 

The days become short. The south wind is warm. 

. . . . iWiibin ift vpt (©niaraflb c\run imb 

The ruby is re^d, the emerald green, and 

Tianiaiit U'cif; ^talt ill trocfni. 

the diamond white. The stable i.s dry. 

. . . <§)afev ijl uaixe< 3Jh'tal( ift irci^. 

The oats ire [is] wet. The metal is white. 

(Sdbcl ift fd)arf 9Iabct ift ipit. 

Th 3 sword is sharp. The needle is good. 


.... 'hlui-m ift fd?U'ad) 'it ftavf. 

The worm is weak. The aim is strong. 
.... lilfib {ft .... 3)?iittcvd'cu .... !J}hibd)cu<j. 
The woman is tho ydimin.'] motlier of the girl. 
.... aitdiudfin is ... . 'Ilitcv .... Sidulciiux. 
The [dimiR.]inan is the ffithcr of the young lady. 

k'Uvxbc ift ... . 'liliifc. 

The boy is an orphan. 

(^diK^liiut 'Iltdbd'cn. 

The baby is a girl. 

Exeriusk 3. Insert Ihe conjugational termi- 
nations to the; stems of the verbs. 

Ad? avbcit . . . ftciftivV Tev 0d?ulci‘ lern . . . 

I work diligently. The scholar (pupil) learns, 
h'iv fd)icib . . . “I^vii'fc. Tu avbeit . . . Al?v Icb . . . 

Wo WTito lot lei's. Thou workost. You praise 
bic Jtiiibcr. :r^cr. !iJcl?i‘cv lob... bcu 'cdiiilci. 

the children. The teacher praises the pupil, 
^ic Ucb... cic .Hinbev. ^icliob... bic dtinrev; 
They love the children. You love the children ; 
fic licb ... bic .Hiubev. 
she loves the children. 

Exercise 4. Put the sentences of Exorcise 3 
into the form of questions. 

Ex R('isE 5. Translate the following English 
questions into German without using the German 
equivalent of the auxiliary verb “to do,” and 
translate the (hTinan questions into correct 
Knglish. 

Do you smoko ? Do you love the child ? 

Does he work diligently ? Dost thou loam ? 

Do they drink ? 

v^d? vcibfl bu cinen "I^vicf ? 11‘cbt ber l^cl?i*w: ben <$d?ulcv ? 
Vicben bic aJliittcv bic Ilinbcr'^ Sicbet il?c ben abater? 
:Kvnid?cuunv’:? VlvbcitcnSicV 9lvbcitcn fic ? Vlvbeitct fie? 

Exercise 6. Insert the corresponding cases 
of the personal pronouns. 

fcl?c* . . . . ; U'bft ; .... licbt 

I SCO thee ; thou praisost me ; he loves her 
luib .... licbt . . . . ; .... c^ab ... . nub . . . . ^ab 
and she loves him ; slie gave him and he gave 
cincti ntiiut ; .... licbc — ; fai^t* ; 

her a ring; I love it; he tolls mo; 
— lcb;ct — ; — Icb cn — ; — licb'cn — ; 
you praise us ; you praise us ; we love you ; 

favV'C ; fa^^c 

I tell you ; 1 tell thoo. 

(^ebenfe* 

Remember [of] me, us, you, her, him, it, them. 

* fft?-en, to see; fa(;-cn, to tell; gebcnf-cn, to 
remember, (^ebenfen governs the genitive. 

Continued 
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THE SABINE WOMEN INTERVENING BETWEEN THE ROMANS AND SABINES 



TRANSPOSITION 

Transposing at Sight and on Paper. Changing Accidentals. 
Reading by Intervals. Score Reading. Transposing Instruments 



By ALGERNON ROSE 


'T'TIE art of transposition is 
^ the days of CJroc'oo, Claud i 


not modern. Tn Transposing on Paper. 'lb alter the 
^ the days of Ciroc'oe, Claudius Ptolemy (rans- key in whieli a piece is composed by translating 

posed the ‘‘Hymn of Nemesis ” from the old high it into a dillVnmt scale is easy enough oii paper, 

pitch of the scale of Alypius a fourth lowt‘r. Such pen-and-ink exereisevs sliould always sup- 

But the Greek system of musical notation was pleinent a student's practical studies. In or(li*r 

dilTerent to ours, althougli in c'crtain res])eets (o mastm* his instrunnmt, he sliould practise 

analogous, because the modern tone-system has (‘aeh study in as many ditTeri'ril kt'ys as possible, 

been partly evolved through the old eeelesias- 'rhe most economical way of getting the notation 
tieal modes. for this is to transpost^ the exercise on paper. 

Ancient Methods of Transposition. The first point is to find tlu^ new tonic, or 
In old missals clafed a.d. 1. ‘100- 1400, transposi- k(‘ynote. y\fler this has been done, alter the key 
tion from one mode to anotlu'r was regulated by signature aifcortlingly. 'riu* rest in a straight- 

tbe distinctive colouring of eiM'tain of th(‘ notes. forward diatonii; composition is a matter of eare- 

Coniing to later tinu's, Loulie, a Erench musician, folly copying out each note at an equal distanct^ 

wiote an ingenious book in 1098 jiublished Viy above or below the original. 

E.stionne Roger, of Amsterdam. In this the Transposing Melodies. Taking tluuiotes 
author (^xfilaius the nature! of transpo.si(ion, of the three c(‘nlre oelaves of a piano— of which 

and sets forth a znetliod of reducizig znusie the (‘ just over the lo(‘k g’ves tlie middle, or 

into any of the keys denofed, eitluM* by tlie first halgiT liiu! beiuaith the G clef — siibsti- 

aeute or grave signatures, and translating them tute the niimbias 1 fo 7 for ihe k'ttm’s C to B 

hack again into the original, or radiiail, keys. inclusive. Employ ordinary numerals for the 

Definition. In music, the word transposition centre, or 2 ft., octave. Add an aeiito accent 

has several meanings, but its usual signification to (nu Ii figure u|)\Nards in the next, or 1ft., 

is the rendering of a eomjHisition in anotlier k(*y octave, two accents for the (> in. treble octave, 

than that in wliich it is written, 'riiis is done and three' accents for the 3 in. high freblo 

(‘ither by copying out, singing, or playing a fiieee octave. To diserimina-li' the lower notes, attach 

f)V altering the pitch eipially from start to finish a singk' <!omina below <‘aeh nuzuber izz the 4 ft. 

• whether a semitone, tone, major or minor octave, two. eoznznas to (nicIi in the 8ft. ba.ss 

third, liigher or lower, as may be dosized, [S<‘e octave, and three in the 10 ft. low bass 

TuKoiiV OF Musk!.] " ' octave. 

Intervals. Such numbers represezit intervals wliieh are alike in all keys althougli the names, 
or lettei's, of the notes altez\ Number the* scab! of (‘ major tlius: 

8ft. octave. 4ft. octave. 2ft. octave. 1ft. oetav(‘. 


8 ft. octave, 
n E E G A B 


1 ft. oetav(‘. 


5„ 0„ 


0„ 7„ 1, 'Z, -i, 4,f 4 r. C 7 1’ 2' 

^ n rr Aw 


2' 3 4' 5' 0' r V 


Suppose the melody is as follows; 


il 

1 



r— 





L..9 i.f 

A an 


It is required to be transposi'd, say, a fourth. A fourth above C is F. F major has one flat — B. 
Beginning at F, write out and number a similar scale with the, one Hat signature, thus : 


1 2 3 4 5 0 7 r 

The student, who may know nothing of mu-sic, by faking the.se numbers and wz’iting the notes 
in their new places, will be able to transpose the melody cozrcctly from 0 to F, thus: 


K 


O 



The first es'^entiai, therefore, is to recognise 
quickly the distance of each note from the first, 
or tonic, of the scale. By inscribing simple 
exercises of on(‘ octave, and transposing the 
notes systematically into all the keys, the 
beginner will soon beeomo accustomed to 
reckon with the eye the proper position for 
each note, and will Llion be able to dispense 
with the figures. 

Obviously, th(‘ transposition on paper t)f any 
diatonic melody pres ?its no difficulty to tlic 
'scribe, siiuicall that lia.s to be done is to calculate 
the higher or h'Aver position needed for each note 

Transposing at Sight. It is, however, 
not infrequently the ease that a pianist or 
organist is required to transpose a piece of iiuisic 
at sight to suit a singer. Tlic task is tlum more, 
arduous. But it has to be done. For that 
i;;iE!ason, candidates for examination for the 
incorporated Society of Musicians, the Asso- 
ciated Board, the Royal (-ollcge of Organists, 
and otlier institutions, are required to show 
reasonable ability in this respect. 

Concert Pitch. When, in ISfffi, the 
f.ondon Philharmonic Soeitdv discarded the higli 
military pitch, and came into tune with the music 
of the Continent by lowering the British standard 
to the note represented by A, giving 430 cut irt; 
vibrations per second when tested at a concert- 
room temperature of 68 degrees Fahrenheit, the 
rhange was -widely welcomed by singers, whose 
voices were unnecessarily strained by the 
military band pitch. But, owing to the great 
expenses of re-tuning and re- voicing large organs, 
it Iiappens to-day that when musicians reinforce 
a church choir with wind instruments at the new 
pitch, or if the organ has been altered and bands- 
men bring in instruments at the old pitch, tlie 
organist is forced to transpose at sigld a semi- 
tone lower or lilgher, as tlu^ case may l>e. 

Tie cannot, like the guitarist, alter the pitch 
of his instrument by putting on a capotasto, 
neither can he adopt the device of the violinist 
(tailed tile scordatura, and thereby dex iate from 
the ordinary tuning as rcipiired. 

Extreme Keys. Usually, all that is 
wanted is to transpose a semitone up or down. 
In this case the task is comjiaratively (*asy. 
'Faking 0 major and A minor as the normal 
scales of our musical system, all the pianist or 
organist has to do wlu^n required to raise the 
pitch half a tone is to change mentally tlu? 
signature to U sharp luajoii or A sharp hiinur. 
Should the sounds have to be lowered, the trans- 
poser imagines that the signature is (- liat 
major or A Hat minor. It may be argued tliat 
extreme keys, bristling with sharps or flats, are 
very difficult. That depends on whether the 
student has, or has not, taken the trouble (o 
accustom himself to them. He will now per- 
ceive, in a way which may not have been before 
apparent, why it is advantageous to practise as 
often as possible scales w^hioh have many 
Ufcidentals. 

Changing Accidentals. To understand 
this method of transposition, it is better not 
t5 begi^vith C or A. Take a hymn in the key, 
say/ of 8 major, like Barnby’s “St. Hilda.’* To 
■ 


transpose it down to E Hat major, obliterate 
from the mind the printed signature of four 
sharps. In their place think of the three flats B, 
K, and A. Then play the music as written, except 
when an accidental occurs. As the key is lowered 
half a tone, whenever a natural arrives in the 
music the mind must transform that natural 
info a flat. When a sharp comes along, imagine 
that it is a natural. In the same way, a double 
sharp must eonvei t itself into a single sharp, 
and a single ffat into a double flat. We have 
only .spjUM* here to quote the 5th line; 


**8t. Hilda.” Barnby. 



'Piansposed a half-loru? lowci’. 



On file other hand, if the hymn chosen is in 
E flat major, ami has to be transposed a semi- 
tone upwards, tlie mental process is reversed. 

Obliterate from the mind the signature of 
the three flats. In their places substitute the 
four sharps F, C, (i, and T). Wherever a natural 
o(!eurs on the printed page, it must become a 
sliarp. A ffat changes into a natural, a sharp 
into a double sharp, and a double Hat dissolves 
into a single flat. 


**S(. Matthew.” Bach. 



Transposed up a half-tone. 



Reading by Intervals. It is when we^ 
come to transposition at intervals of a third. 




MUSIC 


fourth, fifth, and so on, higher or lower, that the long and constant pi-actice. A privileged 
task of the reader increases in difficulty. On ;j|!iinority seems to develoj) the knack by instinct. 


such occasions the j)layer must bo eitlnu’ well 
acquainted with the rules of harmony or familiar 
with the piece before lieattempfs to transpose. 
The eye then reads by intervals rather than by 
actual notes. Infant prodigies at the piano 
can go to the instrument and play by ear 
melodies they have Jieard Avith apj>n>priatc 
harmonies. Usually they an* eapabh^ of playing 
the tune in any key they fancy. Tiiis gift comes 
naturally to them, ft is called “ playing by 
ear.” The child cannot analyse tlu* way in 
which the result is obtained. But tlu^ moral 
of this is that the younger the student 
happens to be, the better is his ehanee of 
becoming a skilful trans])oser if he gives his 
mind, wliile it is yet plastic, to thisus(‘ful branch 
of musical study. 

Jn transposing to a k<‘V more thai; a 
semitone higher or loAver, the ])layer Avho has 
studied harmony does not trust to chance. 
ll(‘ tak(;s his eue from the lowest note. From 
that he builds u]) tlc' sup(‘rstructure grammati- 
cally. To do this requirc's, with most players. 


With sucJi players, as in tlie ease of that ideal 
accom])anist Mr. Henry Bird, transposition is 
ahvays made artistically. Tlu^ best part of the 
pianoforte is, or should be, its middle register. 
To transpose a piece a fifth, sixth, or seventh 
lower than it is Aviitten may entirely alter the 
character of an accompaninKuit, and cause it 
to sound lugubi ious in a way never intended. 

Retaining the Composer's Intention. 
This is one of the objections musicians have to 
mechanically transposing keyl)oards, tlu* main 
one, of course, l»i‘ing that tliey cannot tak(‘ such 
contrivances about A\ith tliem like fiddles. H}’’ 
oeea'^iorially alt(‘ring the disjawition of tin* written 
notes in arp('ggios or chords, the aceoiuplished 
accompanist contrives to enhance the eJfect of 
the voice, and eommunieate the nature of the 
original <‘omj)osition, thus retaining tlu> inten- 
tion of tlu‘ composer. Tlie class of musician 
most aceustom(‘d to transposing at sight is the 
orchestral ])layer. For him it is less fliffienlt 
than tlie pianist. Tb* reads from only one stave, 
and usually a succession of single notes. 


The “C” Clefs. The pianist ordinarily confines Jiis attention to tlu^ trehle and bass 
clefs. But the studious inslrurncntalist Avho has made hims(‘If convi'rsaut with the various (* 
clefs is able to us(‘ these Avlien transposing at sight, and thus saA^e himself all trouble of 
calculating intervals. In th(^ days of Purei*!! these* extra el(‘fs wa^re common in vocal music. 
With the e.\e(‘ption of the tenor clef, they are noAV s4*ldom us(‘d. Jnsti'ad of (.' being indicated 
on the first ledger lino beloAV tlu* stall, as it is „ ... . 

Avheii our G, or treble, clef IS used, the* soprano 

clef places that note em the first line, the mezzei- -J ] ]_. ] ;J 

soprano clef causes it to re^sl on these*ee)nd line, Arr.Tirz. _ l ii-i— J ] 

the alto on the third line, and the tenor on the 

fourtJi line, thus : W', * 

The Soprano Clef. The* music transposes itself automatically by substituting tbo 
soprano (/ mentally for tlie treble (f clef, and playing the neites as written, rememlxTing tho 


substituting tbo 


requisite accidentals for tbe^ ucav signature. Bead in 
causes the music to sound a third lower or a sixth higher, 


this manne*!’, the substituted clef 
Tims, if the original is in ('major, 


it is noAV heard in tlie key of A major. Tli erefor e*, every F, (', and G must liecome sliarf). 

^ p"- CltOTOIf. 

f p- -z ■ ^ • ^ • 

The same nor os transposed a third lower, o r a six th higher if “Svo" is imagined above them. 


The Mezzo-soprano. When tho mezzo-soprano G clef mentally supersedes the G trel)lo 
clef, and the signature of the new key is borne in mind, the player is abk^ fei render the printed 
notes at once a fifth loAver or a fourth higher, (kmsequeiitly, if the original is in tlui key 

will now be F, with one flat — B. If in B flat tlie transposition Avill be to F tiat, thus: 




I ^ . 






Handel. 




The same notes transposed a fifth lower, or fourth higher if an “8vo” is imagined alsAve lliem. 





iMisic 

The Alto. Keailing in the alto in i)lace of the G clef, the player transposes a seventh 
lower or a second higher. A piece written in C major, but taken in the alto clef, will thus 
sound in I) major, witli two sharps — F and C. Hiydn 



Same notes transposed a sevenlh lower, or second higher if an *‘8vo” is imagined above them. 



The Tenor. Jn tlie same way, tin; ])layer ean transpose music wTitten in the G clef a 
ninth lower by reading it in tlie tenor clef, so that a piece in (.^ major played in the tenor 
clef (giving 2 ft. (' on its fourth line) will sound in the key of B, with five sharps — F, G, G, D, 
and A ; in otluT words -direspL'etivo of octave pitch — a second lower or a seventh higher: 

Beethoven. 



Same notes transposed by means of (.* tenor clef. 

I 




So liere we liave a ready method of transposition of a third, fifth, seventh, and ninth without the 
trouble of calculating intervals. 


The Bass. But tlu^ resources of the instrumentalist are not yet exhausted. If he obliterates 
the G clef and puts in its place the F, or bass, he lowers the lone a third. But he must then 
read the sounds a double octave higher than they are written. Supposing tlie key of the 
original to be G major, the note sounded will now be in A, with throe sharps — F, (\ and G. 

Tfaving aflixed inontally the requisite; signature, the notes if played in tn;ble clef would road: 

As printed As read . 

C B A (; K D C B 




The intelligent student will not lack employment, no matter what instrument he takes up, if 
he translates systematically the exercises he practises into dilTerorit keys by means of the various 
C clefs. VV})en reading the notes with any G clef, the sound can bo also transposed, cither up 
or jdown a semitone, by making mentally a further variation in the signature, in the manner 
alrciuly explained. But this must Jiot be attempted before the student has accu»stomed himself 
to reading various exercises in the old vocal clefs and the bass. 


Score Reading. The student who 
iieglects to make himself acquainted with trans- 
position will never become proficient in reading 
an orchestral score. 'J\) eompreherul an old vocal 
score wheix‘ the various (’ clefs are used, the 
mental process indicated for translating the. 
sound from the (J into the G clefs is, of course, 
reversed the beginner, in th(‘ same way that 
an English schoolboy learning French at first 
slowly translates every French word into its 
English equivalent before understanding it. 

A Full Score. If we take a modem full 
score, we may find some HO different parts, 
ranged one above the other. A non -musician, 
accustomed to read a single line of letterpress 
from left to right, regards such notation as hope- 
lessly complicated. IiVt it is far superior to his 
own. It conveys not only the exact rhythm and 
speed at which every syllable should be read, but 
,aiso the mental mood in which it must be received. 


Moreover, musical notation has the gift of 
brevity. The longest sentence penned can be 
portrayed vertically in a single sustained chord. 
If we examine the opening page of a full score, 
it will be observed that only certtiin instruments 
such as the violin, trombones, the oboe and 
bassoon in V, the harp and organ, play the notes 
as written. These instruments are called “ non- 
transposing.” 

Transposing Instruments. On the 

other hand, the student will observe that the 
clarionet in A sounds a minor third lower than 
the printed notes ; tlmt the trumpet in E flat 
expresses itself a minor third higher, and that the 
horn in D utters its sound a seventh lower. In 
military scoring there are many such complica' 
tion‘<. Tlie modem composer, anxious to startle, 
is, of course, at liberty to avail himself of any 
and every tone-colour his fancy dictates. 

TranspoMon Concluded 


loaa 
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By P. G. KONODY 


Drawing in Pastel. Tlio natiin* of Ww 
material used for liiia work — tliat is to say. of 
('oloured chalks — immediately the limi- 

tations of j)astel work. Chalk, wlietluM’ hlaek or 
coloured, is a drawing material, aiul to use ))ast(‘l 
colours in imitation of oil i)aint is therchm* a 
misapplication of tlu; medium. 'J'hcy should Im^ 
used for sketchina;, especially on tinted ])a])ers ; 
they should be lij^htly and daintily handled, and 
should suggest rather than exj)ress. It is im- 
possible to get any dcigree of transparency into a 
thick layer of pastel chalk. A sky, for example, 
thickly smeared over with the light(‘st blues 
or gniys Avill invaria])ly appear heavy and 
lead(‘n. 'I'lu* happiest eth'cts, citlua* in land- 
scape or in portraiture, or, in faet, in any 
other class of subject, are achieved, if the 
paper itself supplies the visible ground of the 
drawing and the chalks me ])ut on in slight, 
sketchy touch('s. 

What to Avoid. No pirfnriaf elfeeis should 
('V(T he attempted. Whistha's ust' of ])ast(‘l 
<*halks may be (pvoted as an ideal instance (»f 
ap])ropriate treatment. .Many of th(‘se hav(‘ been 
re|)ro(lueed in exeidlent faesirnile in the “Studio,*' 
and in a special ])ort folio ))ublished by the same 
magazine. Pasted dr.awing bears about th<‘ same' 
relation to painting in oils or water-colours as 
etching does to mezzotint or line engraving. When 
the (‘teller e(*ases to use his needle in a five, sketchy 
maiiiKT, and makes it servt^ for tin? laboured, 
mei hanical inti'rpretation in bhudv and white of a 
])ainting, he has oversteppinl the natural limita- 
tions of his medium, ami his work ciMst's to be 
art; it becomes mere craftsmanship. And so it 
is with the use of })astel in imitation of oil jiaint. 
It k'nds itself more than any other mi'dium to 
the rapid expression of an artist’s individuality, 
and for this '' (‘ry reason it is useless to advise 
th(^ student how to manipulate this material. 
If he has anything to ex})ress, and if he rt’alisi's 
the limitations of pastel, and its dainty (harm 
within these limitations, hc^ will soon fetd at 
home in using it. 

Though pastel colours are permanent, no 
reliable method has yet been disco vc’red of 
fixing them to the pap(‘r, and jiastcl drawings 
have therefore to he handled with the utmost, 
care lest the hritth'. chalks should rub otf or 
crumhlo aw^ay. ddie best way of preserving 
such drawings is between two sheets of glass. 
Tinted paper is preferable to white, and ordinary 
brown packing -paper, not too dark in shade, is 
an ideal ground for such work. The drawing- 
paper should be neither very rough nor vt'.ry 
smooth, as in both eases the powdery nature of 
the chalks makes it impossible to g(‘t a satis- 
factory result. 


The Story of the Miniature. As eon- 
c(‘i\ed by the vast majority of modc'iri workers, 
niiniaturc painting is a conijiaratively easy 
method of using photograjihie truth and the 
innate cpialities of ivory its Irauspaivm^y and 
warm tone — to obtain ])leasiiig ivsults in small 
])ortrait iin*. At tlu* time of tlu* great masters 
of this art, from Ilolht'iii to Cosway and 
Kiigleheart. it was the art of ])aiiiling noble andt 
l)eautiful portraits of (‘X(|uisite (piality on a 
small scale. Their miniaturt‘s are small only in 
size, hut grand in conception, like* line lifc-si/i* 
portraits. The early miniaiun? painters- 
Jlolb(‘iii, (‘ooper, Oliver, Hilliard, and others 

work(‘d on parchment and ])apcr, and were, 
:ihov4‘ all. niastculy draughtsiiK'n, whose por- 
traits u<‘re drawn with \\ondt‘iful precision, and 
were full of life and eharael(‘r. ( 'osway, too. did 
beautiful drawings on ])a])er, but he recognised 
the eliarni of the effects that could be olitained 
on an ivory basis, and in his admirable Avork 
cr(‘«l(‘d a d(‘lighltul convention, graceful and 
dainty, hut rather shalloAv, which, in the hands 
of feelile imitators, has ])roved the ruin of the art. 

Tlu* student w ho w islu's to taUi* up ininiatnn* 
painting cannot be too (‘m[)hatieally advised 
not to touch ivory until lu* is able to draw a 
good miniature on paper. It is the best and 
oidy training tliat can lu* recomm(*ndcd, and if 
bo has the solid basis of knoAvliMige and firm 
dranghtsinanship, which can oidy be thus 
aeipiired, he will soon k'arn tlie eomparafiwly 
easy trick of Avorking on ivory. Avliich, of course. 
r(*(|uires a diffen'iit (celiniiiiu*. Miniatures on 
])aper are nothing but Avatcr-eolour drawings 
on a very small scale, so that no furllier ex- 
planation is here n(*(*d(*d. 

How to Select the Ivory. In working on 
ivory, llie first consideration is the choice of the 
mat(*rial, in Avhieh one cannot be too careful. 
Ivory for this purpose can be liought r(*ady for 
use at most artists’ material dealers. The piecu^ 
chosen should be as elear as possible — that is to 
say. one should (‘nd(‘avour to find (uu^ free of 
grain and ribs, especially in the centre, Avhere 
the face Avould naturally lu* ])lae(*d in the pie- 
t lire. .As regards colour, the natural tint — a pale 
cream - i.s jireferable to tlu* bleached and dead- 
white ivory, though the coldness of the latter 
can be count (*raeted by yelloAV pni)er b(*hind 
the semi-trans])arent ivory, Avhieh produces 
approximately a natural effect. 

A very small, light draAving-board should be 
used, on whieli tlie ivory is fixed by pins. 
These pins are, of cour.se, not put through the 
ivory, but; along the margin, so that the little 
plaque is hold down lirmly by the heads of the 
drawing -i)ins. Four pins, one at each corner, 

lOtil 






should be suflioicnt. A 
pie'co of (‘lean papiT 
should bo betweon llio 
board and tin? ivory, as 
otherwiwj tho ^;rain and 
inequalities of the board 
would slioAv flirou^h. If 
the ivory is not cjuite 
Hrmly tixod to the board, 
it will curl up directly the 
wet point of the brush 
touches it, which Avould 
make it impossible to 
wf)rk on. 

Before working on tlic- 
ivory, it is advisable to make 
a rough sketch of the por- 
trait on ])aper, so as to get 
the a})proximato “ spacing ” 
of the picture, 'riien begin 
to draw the portrait very 


Bv Of.TVKR 


carefully with pale Avater- 
eoloiir : light red is useful 
for the face, hut, in any 
case colour Avhich can he 
ultimately part of the 
miniature it.s»*lf should 
he eiiosen. Pencil cannot 
be used, as it Avill show 
through any paint laid 
over it, and, moreover, 
it makes the ivory black 
and smudgy, and cannot 
sul)S(‘quentIy be remoA’^ed. 
It is belter, of course, to 
kc'cp the colour rather 
coki at first, and to leave 
the Avarmest tints for the 
very last touches, as the 
warm colours — such as 
any of the ni adders, burnt 
and raw sienna, and even 
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too much yolloAV oohro — 
cannot ])e reduced aft(T- 
warda by cold tints. They 
will always shoAv through, 
whereas the greys can be 
(juickly and easily ndieved 
by the addition of a tint of 
3TII0AV and brown, which 
will give a brilliant elTcct. 

If grey tints arc^ ])ut on 
Avanu shadows, the colour 
hecouu's dea<l and hauhai. 

Now proceed to l)uild u[) the portrait gradu' 
ally, always AvorUing over the wliole siirfacis 
and bringing the entire hvad nearer completion 
Avith every sitting. 'I’hink only of the model- 
ling, outline, and colour, 'riu* stippling neces- 
sary for the iinish of the miniature Avill come 
naturally, for ivory has so slippery and difficult 
a surfa<!<‘. that, hoAvev(‘r carefully’' the tones arc 
laid on, there are sure to be some inecpialities 
Avhich can onl^’’ be removed by sti])}>ling. Only 
Avhen the portrait is linished— that is to say, 
Avhen th(? colour has the tu‘cessary strength, 
and when the features are 
ck;arly draAvn and suffi- 
ciently modelled - should 
^stippling be resorted tc? 
as a means of sweetening 
the tones, am. giving the 
velvety texture of skin 
Avhich is found in t hcAvorks 
of masters, and Avhich is 
needed for Avork on so 
small a scale. But a broad 
style is by no moans in- 
compatible with miniature 
painting. 

Modern Miniatures. 

Ajbiost the worst faults 
ow the modern miniature 
pSinter are slovenliness 
and lack of draAving. The 
student will do well to 
avoid modern miniatures 
altogether. There is practi- 
cally nothing to* be learnt 
from them. It is a regret- 
table fact that many of 
those who call themselves 
miniature painters have 
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only tak(‘ii lo tbs form 
of painting Ix'cause Ihc^' 
have found thems(‘lv('s 
unable to succeed Avith 
any other medium ; to 
])ainl a bad miniature is 
tla^ (‘asi(‘st tiling in the 
Avorld. Study tlic perfect 
drawing and sirenglli of 
the old niiniaf urisls. These 
and your own mode! Avill 
be all you ne(*d lo study. 
Do not. work too long at a time, as it is im- 
}>ossil)]t‘ to keep om 's eye fix'sh for siudi miniit(^ 
A\ork longer than two or three hoiii's at the 
most. 

How to Cut and Prepare the Ivory. 

An oval shape is usually prefcM'rcd for portrait 
miniatures, Imt tlu' ivory plaipies are sold in 
sijuare piee(‘S. It is, therefore, m^ecssary to 
cut the linished miniature to the reiiuired 
shape. This is best left to the frauKvmakcu’, 
or to the <leal(‘r aaIio suiiplics the ivory; for 
the cutting is a ditlicult matter, jind the first 
few' .'ll tempts usually 
end in th(^ miniature's 
splitting right across in 
(he direction of llic 
grain. 

It is, therefore, best to 
])ractisc 011 Aiastc pieces 
ill order to save tlu^ 
material. Very shar]) 
scissors must be us(‘(l. 
and it is always better 
to cub a little outside' 
the a(!tual edge of th<' 
picture, .iis the fraiiu' 
Avill very slightly over- 
lap the surface. In 
framing, it is again 
necessary to havt‘ a 
clear jiieeo of papt'r be- 
hind the painting, and 
it is usual to hack tlu^ 
miniature Avith sev(?ral 
pieces of pap<‘r or. ear«l, 
lo mak(i the velvc't liaek 
tit lightly .against th(^ 
ivory. 

Continued 

UltM 
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^ACH region of the l:Jritis]i Isles lias its own 
eharaeter — inland or inaritiine, liighland or 
lowland, lagrieiiltural, pastoral, or inaniifaeturing, 
and eaeh must he briefly deserihed. 

The Scottish Islands. In the ()rkn(‘vs 
and Shetlands wc an* on the fringe of inhabited 
Britain, among a people mainly Scandinavian. 
Jioth groups number scores of islands, most of 
which are uninhabited. In tlu* Shetlands, Main- 
land is the largest island ; it is over 50 miles 
long, but so intersected by the sea that no 
))laco is more than four miles inland. Lerwick 
is the chief town. In all the islands (he shores 
arc wild and rocky, and the interior is a bleak, 
treeless moorland, feeding cattle, sheep, and 
small ponies. The climate is almost too wet and 
(*ool for agriculture, but some barley, oats, and 
potatoes are grown. Nearly every man is a 
fisherman, the )u*rring and whale fisheri(\s being 
very important. In the long winter niglits the 
women knit fine shawls of the soft, island wool 
for exy)0rt. Life in the Orkneys is very similar 
to that in the Shetlands, A good deal of barley 
is grown, from which whisky is made. Pomona 
is the largest island, and Kirkwall the largest 
town. 

The Ilebrides, o(T the vv(‘st coast, arc divided 
into the Outer Ilebrides, of which the largest 
is fjcwis, and the Iihkm' Hebrides, with Skye in 
the north. Mull in the centre, Islay in the south, 
as >vell as many smaller islands. Surrounded by 
stormy seas, and shut in by diflieult coasts, with 
li(?rcc currents running between the islands, it 
is natural that the tislieries, though important, 
should not be very ])rolitabIe. The wet eliinute 
does not favour agriculture, and niueh of the* 
interior is poor moorland, only tit for sheep or 
deer. In summer the beautiful sea and nioiin- 
tain scenery brings many tourists, who add 
something to the scanty resources of the islanders. 
Peat is the ehitd fuel, and oatmeal and fish the 
staple diet. Simple habits prevail, and cottage 
industries are still carried on in the long winter 
nights. The Jiand-woven Harris tweeds are 
made in the south of Lewis, in the north of 
which is Stornoway, the chief town and fishing 
centre. Portree in Skye, Tolx'rmory in Mull, 
and Bow more in Islay are all tourist centres. 
Iona» with its relics of early Christianity, and 
Staffa, with Fingal’s Cave, both east of ^liill, 
arc much visited in summer. 

The Norths western Highlands. The 

map indicates the character of this region. 
Lying far north, where the summers are short 
and the winters long, and with little land 
under.!, 000 feet above the sea, the conditions of 
life mu^t ever be severe, and population scanty. 
In the west, the mountains come down to the 
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sea, which has drowntid the lower valleys, 
forming fiords. These open to wild and lonely 
glens, often filled by long, narrow lakes, 
fed by innumerable mountain torrents, whose 
waters, browned by a ])eat soil, leap from 
boulder to boulder in wild beauty. An 
occasional sheep-farm or shooting lodge is the 
only sign of life, for this is the home of the 
sheep and deer, not of men. Stromc Ferry, on 
Loch C’arron, is the only important town. In 
the north-east is the lower tableland of (Caith- 
ness, w^hose rod sandstones, resembling those of 
Orkney, are largely quarried. 'I'he softer rock 
and lower eU‘vation allow of some agriculture, 
hut fishing and sheep farming are still the 
chief occupations. Bai'c moors, knoAvn as 
dccr forests, are numerous, and the salmon 
fislieries in the streams bring tourists in summer. 
Towns ar(‘ more numerous than in the west, 
and include Thurso, Wick, Dornoch, Dingwall, 
Tain, and Ikaiuly. 

Two railways reach the west coast, one at 
Mallaig, from Fort William, at the southern end 
of (denmore; one at the Kyle of Lochalsh, 
beyond 8trome Ferry, from Inverness at the 
northern end of (denrnore. This wonderful 
natural rift, running from Moray Firth 
to Loch liinnhe and the Firth of Lome, 
divides the highlands into two parts. On 
either side of (llenmore — the (Jrcait Valley, 
or (den — tow^er bare mountains, with here 
and there a glen opening to east or w’ost 
between hillsides, which in summer arc golden 
with gorso or purple with heather. In the 
floor of (he glen arc^ Lochs Ness, Oich and 
Lochy. Across the alluvial flats between them 
canals havi* been cut, converting Gleiimore into 
tlie Caledonian (Vnal. At the north end is 
Inverness ; at the south end of Loch Ness is 
Fort Augustus, in the centre ; and at the south 
end of Ia)eh Lochy is Fort William, behind 
which an* seen the precipitous flanks of huge 
Ben Nevis (4,400 ft.), the highest point in the 
British Isles. 

The South-west of the Highlands. 

This region of sea lochs and mountain glens, part 
of the South-eastern Highlands, has a beauty all 
its own. It is inhabited only along the shores 
of the fiords, where fishing villages are numerous. 
It is, indeed, most accessible by sea, for few 
roads and no railways are earned up its steep 
glens. It IS busy and prosperous in the short, 
yachting and shooting season, but the winters 
are long and lonely. After Fort William, the 
chief town is Oban, further down Loch Linnhe, 
a centre of yachting and steamer trafl&c. This 
district is connected with the south by the 
picturesque West Highland Railway. The line 
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from Fort William crosses the desolate, boulder- 
Htrewn moor of Rannoch to Loch Lomoni, 
which opens a direct route south to Dumbarton 
and the Clyde. Another line runs from Oban 
round Loch Awe to Loch Earn and by the 
ri ver Teith to Callander. The Lower C’iyde, ixdow 
Dumbarton, is a magniticent fiord, from whicli 
smaller fiords open to the nortli. At its month 
is the hilly island of with Rothesay, on a 

magnificent bay, commanding one of tlic finest 
views in the world. This is the starting })laee for 
the famous Kyles of Bute, a eliain of sounds 
opening to Loch Fyne, at the head of which is 
Jnverary. The western wall of Loch Fyne is 
formed by the long mountainous peninsula of 
Cantyre, across wliich the Crinan ( anal gives a 
short route between (Jban and (Jlasgow. 

( ’ampbclltown, at its southein extremity, has 
famous distilleries. East of Cantyre is the 
island of Arran, with lofty, precipitous j)eaks, 
nild glens, and romantic views of mountain 
and sea. Brodick and Lamiiash, the hugest 
towns, are little more than villages. 

The South-east or Grampian High^ 
lands. These highlands, whicli lie south / 
’ of (dcninorc, and cast of the valleys 
and lakes followed by the West High- 
land line, are the most nigged and 
inaccessible part of the British Isles. ^ 

They are nol, like the South-west 
1 1 ighlands, opened up hv winding 
fiords, and the only natural 
routes arc the Tay valley, ^ 

opening to the south, tin 
Bee valley, opening to tla^ 
east, and the Spey valley, ^ 

opening to the nortli. 

Between tliese is a 
bleak and lofty 
r..gion. bm-ie<l in 

fallow in wintfir. 


Katrine, and l.,och J.oiuomJ, one of the finest 
tours in tin? Highlands. Oietf, similarly situated 
furtlicr north, commands similar routes. Perth, 
on the Tay, at the end of the Sidhiws, 
commands routes in all diieotions, and is the 
key of the Highlands. The main route to the 
north follows the 'J'ay to Dunkeld. situated like 
(’allander and Critdf. After reeiuving a branch 
from tl)f‘ west, liy J.,oe|i 'hay. it traverses the 
wild ravine of the (.‘any by flu; famous pas.s 
of Killiecrankie, and crosses the divide? to the 
Spey valley at a Imight of L-lOO feet. "J’his 
natural route between tin* Moiiadliath ^loim- 
tains on tlic north-wesf, and the Loehnagar and 


(‘airngoriu 
on the 
east, is y 
as far /C 
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snow in winter, 
across^ which 

iionsisls '(jf 

^ays rnn^jw, 

g rouse 

moors and 70. olenmohr axd the c.\le- 
rleerforests. do.vian ( axai. 

Sheep 

farms arc scatlerfxl among tin; hill pasture's 
of the lower valleys, and some agriculture is 
possible where these open to the loAvlands, 
'rowns are found only at tlu? valley mouths. 

Tile southern margin of this great highlaml 
area, which descends steeply to the plain and 
from Perth looks like a mountain range, is 
called the Grampian Mountains. In reality it 
is only the edge of a great plateau which it is 
convenient to call the fjlrampian Highlands. 
All the routes from the north converge on 
Perth on the Tay, and {Stirling on the Forth, 
both on the margin of the plain. From the 
latter a route goes to Callander, at the month 
of a valley leading to the Trossachs Pass, Loch 


■ t h r o ugh 

wild and 
d 0 s o 1 a t e 

A vie more 
the main 
line strikes 
away from 
the Spey 

T eastern 
llm Monad- 
ountains to 
5. while a 
rilinues by 
) I be low- 
the Moray 

e South- 

Hero towns 
rn, Forres, 

KIgi)), Banff, Fias(‘r))urgb, anti 
others, thost' on the coast eiigagtal 
in fishing and tisli - curing. iMany 
mall rivers from tiu' easttan slopes of 
l!ie Highlands ero.ss tht' ma th A])erdeen 
Y h wland, where JVlerlu^xd is the busiest town. 

\b<‘rdeen. laiilt, when' the valleys of tlic Don 
and Dee eonv(‘rge, lias a univ(‘isi1y, and is a 
lisbing and lisli-euring eeiitie, as well as a busy 
]>ort. shipj)ing gr(?y grauiti* to the so\ith. A 
line foll()W.s tlu; Dee vallty to Balia ter, near 
Balmoral, amid th(' magnitieent soemTy of the 
inaceessibk; Cairngorm and Loelmagar Moun- 
tains, the former sepaiatiug it from the Spey 
valley. Many valleys, with towns at their 
mouths, open to tlu* lowlands of Forfar, which 
form part of the Midland Plain, Montrose and 
Arbroath on the coast, and Forfar inland, are 
tlio largest towns nortl) of Il»e Sidlaws. 

The Midland Plain, or Lowlands. 
At the base of the southern escarpment of the 
Grampian Highlands extends Strathmore, a 
broad stretch of old red sandstone, w itii a deep 
and fertile soil. It is bounded to the south by 
a broken line of heights, known under various 
names, between wdiich the rivers reach the sea. 
The Tay and Earn reach the Firlli of Tay 
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between tlio 8i(llaw Hills of Forfar and the 
Ochil Hills of Fife. South of the former is the 
fertile Carso of (Cowrie, with Dundee, manu- 
facturing jiilo and marmalade, as its chief town. 
Here the Tay estuary is bridged. 'J'hc Forth, 
which rises near Locli Lomond, readies the 
Firth of Forth, between the Oehils and the 
Cainpsio Hills. Stirling, with its toweling 
castle rook, the lava plug ivhich onee filled the 
vent of a loiig-|)(‘rish(‘d volcano, guardH this 
important gaf), and hero the river forms its 
famous links or windings. 'J'lie Clyde, from the 
Southern Hplaiids, w ith fine falls where it enters 
the lowlands, K'aches the ^^’estern sea between 
the (.'^am[Ksies and tiie Jlenfrcw Heiglits. 

The Scottish Coalfields. South of these 
heights, which divide the Midland Plain into 
two parts, ar(i the Seoftisli coalfields [69]. The 
Ayrsliire tield, which lies west of the Renfrew 
Heights, and is consequently isolated except by 
sea, ships much of its output from Troon and 
other ports to the man iifae tilling toAvns of the 
opposite coast of Ireland. Kilmarnock, manu- 
facturing woollens, is the chief town of 
the AjTsbire tield. The central, or Forth and 
Clyde field, extends np the Clyde as far south 
as Lanark, and as far itast as the Forth estuary. 
Clasgow, built like many other prosperous cities, 
at the lowi^st point where a navigable river can 
bo bridged, is the ciaitre of one of the busiest 
industrial districts in the world. It has immense 
shipbuilding and engineering works, chemioal 
and other manufactures, and an enormous trans- 
atlantic trade. Roth banks of the Clyde as far 
as Greenock are lined with busy to'svns similarly 
engaged — Port Glasgow, (Jrcenoek, Dumbarton, 
and others. Of the inland towns, Coatbridge 
and Airdrie have mining and ii’on industries, 
and Paisley manufactures into tliread the cotton 
brought across the Atlantic to (Rasgow. TJio 
eastern part of the coalfield, with fewer facilities 
for obtaining raw material by sea, is less busy. 
Stirling makes tartans, carpets, and other 
wooUiuis, and Falkirk has collieries, ironworks, 
and chemical manufactures. The smaller coal- 
fields of Fife and iMidlotliian are on opposite 
sides of the Forth estuary. On the former, 
Burntisland and Kirkcaldy ship coal, Dun- 
fermline manufactures linens, and Kirkcaldy 
linoleum, '.riio coast is ringed witli tishing 
villages from liiverkeitbing to St. Andrews, an 
ancient ecclesiastical city and university. On 
the Midlothian coalficdd the cliicf town is Fdin- 
burgh, the capital. It is built where the Pent- 
land Hills approach the sea, round a castle- 
crowned volcanio crag like that of Stirling. 
There is no road to the north till Edinburgh is 
reached, and it also guards the routes south into 
England and west to the Clyde. It lias a famous 
university and medical school. Among its 


industries paper-making, printing, and brewing 
arc important. Its jiort is Leith. Above 
Edinburgh is the great Forth Bridge across the 
estuary. In the neighbourhood of Edinburgh 
are collieries and oil shale works, and .many 
paper-mills, worked ]>y the streams coming 
down from the Pentlands. Fishing villages 
dot the soufhern shore of the estuary. Dunbar, 
at the base of the Lammermuirs, controls the 
route from Pkigland to Scotland round their 
eastern base. 

The Southern Uplands. A line drawn 
from Dunbar to Oirvan, on the Ayrshire coast, 
marks the northern limit of rooks older than 
those of the plain, but youngei than those of the 
northern highlands. These form the Southern 
Uplands. The scenery is less pictiuesqno than 
that of the highlands. Instead of bare, rocky 
piiaks and precipices, the hills have rounded 
forms, and soil enough for coarse jiastnres. Iiaro 
rock being seldom scon. The four river valleys, 
of the Clyde, Nith, Annan, and Twetnl, must bo 
noticed. That of the Clyde has already been 
described. The Nith valley, at the mouth 
of whicli is Dumfries, with woolhm, iron, and 
leatluT manufactures, forms one of the main 
routes betwoiui Carlisle and Glasgow. West 
of the Nith the hills are Avilder and tlu^ valleys 
moi’o fertik‘. Kircudlrrightshiro is famous for 
its heather honey. Salmon tishcries ai’i^ im- 
irortant in the Solway Firth. Slioi*p and oattio 
are kept throughout this region, the CalloAvay 
cattle being a famous dairy breed. East of 
the Nith is the Annan, giving a route to tiro 
Clyde valley. Tlur raihvay crosses the divide 
at Beat took, in a sheep-farrning district, Avith a 
great annual sale of Cheviot rams. The lu'ight 
at Beattock is nearly 1,0(K) ft., and tiu* sur- 
rounding hills rise to 2,500 ft. Last of the 
Annan route passes lead to Selkirk and the 
Tweed valley, Avliieh Avidens in the ivas.t to a 
eonsidcrablo lowland. Its tributaiies — (kala, 
Yarrow, Etlrick, Teviot, and others— diain a 
higJi, bleak region occupied by scattered slurp 
farms. Tiio Avool is manufactured in small 
toAvns in the valleys beloAv — Peebles, Inner- 
leithen, Galashiels, Selkirk, HaAvick, and others — 
all of Avhich are im])ortant market towns. Ruined 
abbeys, of Avhich Melrose on the Tweed is the 
most famous, shoAv how long this district has 
been prosperous, and how disastrous Avere the 
interminable English Avars. Many old keeps and 
border castles tell the same tale. On the loAver 
TAA'ced are Kelso, the centre of a rich agricul- 
tural district, and Berwick, on the English 
border. The route from Carlisle to Edinburgh 
crosses the Southern Uplands by the Liddel, 
Tweed, Gala, and Esk valleys. That from Ber- 
wick skirts their eastern base. 


Continued 
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E financial staff of a local aiithorily is l(‘ss 
lilKTally remunerated, on the whole, than 
that of the town-clerk — the branch avc last 
sidered. The explanation, doubtless, is that 
many subordinate positions in the accounts 
department are ordinary (ilerieal appoint im^nts, 
whilst the 1o\nti - clerk’s staff rcf|uires special 
training, only an (*xpert being able to ])<‘rform 
satisfactorily the duties of a committee or 
election clerk. Leading financial positions, 
however, as we shall se(‘, need quite distinctive 
knowledge and abilities, and arc correspondingly 
well paid. 

The Head of the Finance Staff. 

There is a good deal of diversity of practice as 
to the title and duties of the head of the finance 
staff*. To quote a distinguished authority, who 
is himself holding such a post in a prominent 
county borough, “ The chief financial officer of 
a corporation is styled either Com])troller, 
Treasurer, or Accountant, the duties of each 
being of a soniiwvhat similar natun*. The 
position of treasurer is, however, the statutory 
one, and the* majority of corporations are now 
appointing their leading financial oilieer in that 
capacity.” In many instanecsthe staff includes 
both tieasurer and accountant, the first holding 
the senior rank. In some munieipalities the two 
offices are united in a single official ; whilst 
others, again, place the control of their finance 
department under the borough accountant, 
and employ a memU^r of a banking firm or the 
manager of a bank as their nominal treasurer. 

Whatever his title, the chief of the financial 
and accounts branch holds a very responsible 
office. He is in general charge of the revenues 
and disbursements of his authority, sueli large 
sums passing through his hands that security 
to the extent of £5,000 or £10,(K)0 is usually 
required of him. As expert adviser to the 
council on tlie financial side of their many 
oiwrations he has an anxious duty to perform. 
Not only is he consulted as to tlie conduct of 
such matters as raising and extinguishing loans, 
i^isuing stock, and fixing terms and rates of 
interest ; the soundness or otherwise of im- 
portant “ municipal trading ” scJicmes, and the 
proportioH of exixmse which these undertakings 
should bear, are among the grave questions 
OB which bis opinion is of weigh!. He must 
further bo familiar with the complex system on 
which municipal accounts, as a whole, are kept, 
and the bookkeeping methods best adapted to 
the special needs of trading and other depart- 
ments. These qualifications can only be ac- 
quired by a wide experience of municipal 
miance in all its branches. 

As already pointed out, no absolute distinction 
oan be drawn between, the treasurer and the 


accountant ; but where both offices arc sepav- 
alely lu^ld under the sanie local authority, the 
treasurer’s concern is mainly witli finance and 
.securities, flic accountant’s with bookkeeping 
and office ch(*cks on expenditure. In these 
eircumsiances the former official holds the more 
distinctly ]>r()fcssional appointment ; otherwise*, 
the reepiirenK'nts for either ])osition are practi- 
cally identical, and we may conveniently defer 
the discussion of Ihcir qualifications in order to 
deal with both together. 

The Influence of Municipal Trad* 
ing. We baviJ seen, in considering electrical 
and gas engineering and other appointments, 
that the last decade or so has witnessed an 
astounding development in the commercial 
or “trading” activities of local authorities. 
During that period the revenues derived from 
])ublic baths and wash-houses, tramways, and 
the supply of municipal electric light, gas, and 
water, have increased by leaps and bounds ; 
and there appears to be every prospect of a con- 
tinued increase for many years to come. The 
bearing of this dcvclo])inent on the finance and 
actH)untH staff is too direct to be overlooked. 
In the words of the (‘xpert already cited, “ The 
very large commercial undertakings wdiich aro 
now being carried on by municipalities througli- 
out the country have, (luring the last few years, 
materially increased the responsibilities of the 
finance departnuait, and the importance of its 
work hecomc's more and rnoie manifest from 
ytair to year.” The growth of a department 
involv(*s a greater number of highly paid offices 
in it, and thus affords increased scojie for able 
members of the staff*. 

Treasurers’ Salaries. This fact is 
instanced by the east* of the London County 
Coumrirs chief financial officer, the (Comptroller. 
So greatly has tlu* work of his office increased 
during the past .six years that his salary has 
advanced in tliat time from £1,150 to .£2, 000 a 
year. The latter is an cx(‘('ption:illy high 
figure, of course, though it is sinqiassed in at 
least onii instance. Ihe Chamberlain to tin* 
(Tty (Corporation, who acts as its treasurer and 
hanker, recei\'eH £2,500 a year, rising to £3,(M.)0. 
It should he added that ho is an exception- 
ally able linanciia', having gained invaluable 
experience by many years' partnership in a 
great banking firm. Under less distinguished 
authorities the irujome of county and borough 
treasurers varies considerably, ranging from 
£5(X) to £1,600 a year, according to the size of 
the local body they serve and the importance of 
the works it controls. Deputy treasurersliips 
are remunerated at about onc-half or three- 
fifths of the salaries attaching to the principal 
posts. The treasurer to Manchester 
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Corporation is paid £1,0(K) a year, and his deputy 
£500. On the other hand, the iroasurership of 
a minor county was recently advertised at as 
small a stipend as £250 yearly, which is probably 
the low -water mark for an (office (jf iluit class. 

Municipal Accountancy. Where the 
accountant’s functions arc distinct from those 
of the treasurer, th(.‘y may l)e summarised as 
(comprising tlu^ dii‘(‘ct charge of tlie ac'couuts 
staff, and a general sujxm’ vision over the l)ook- 
keeping in (!very otlier department, so jis to 
safeguard the local authority from losses through 
carelessness or baud and to facilitate the 
periodical inspection of (he accounts l)y the 
Local CJovernmcnt Hoard auditor. Jt is the 
accountant’s duty also to control the collection 
of moneys, and to fraim^ from the various 
departmental accounts those elaborate financial 
statements wlii('h are necessary to disclose flu? 
position of the eounf-y or borough as a w hole. 1'he 
work thus hricdly indicated is inorc^ complex than 
anyone who has not (;xplor(‘d the mazes of Local 
(Government aeeoiints would ho disposed to 
hc^lieve. Its proper piuformance needs some- 
thing like a gift for ligurea, as well as a close 
familiarity with municij)al accounting moth(xls, 
and inexhaustible ])atienee and alertness. 

Owing chiefly to tlu^ dilTeionce of diitic^s already 
pointed out, accountancy posts, as a class, are 
les.s liberally repaid tlian t roasunaships. Th(*y 
range in value from £250 to £1,(KK) a year, tlie 
latter tigiiro being rarely exceeded. Further 
details are affordid by the following list of actual 
appointments ot both chief and assistant rank ; 
Accountants : 

Northumberland, £800. 

City (a(MH)untaiit auditor), £025. 

Nottingham (bounty, £550. 

Manchester, £500 and £500. 

11 ol horn, £550. 

Wandsworth, £550. 

l..eyton, £300, rising by £25 annually to £450. 

A(don, £250, rising by £20 annually to £550. 

Longton, £250. 

Assistants and Deputies : 

York, N. Hiding, £250, rising by £10 annually 
to £450. 

London Water Board, £255, rising by £15 
annually to £5(X). 

MariehesbT, £215. 

Holborn ami Hull, £180 to about £250 each. 

Willcsden (accountant’s (derk), £150 to £200. 

Training and Qualifications. (!an- 
didates for county or borough troasurerships are. 
generally recjuiretl to liave (j ualified asprofessionnl 
accountants, and to be thoroughly v(u*sed in 
municipal accounts and linance, as well as 
accustomed to control a staff of clerks. For the 
municipal accountant the same conditions apply, 
except that in liis case a professional diploma 
is not alw^ays insisted upon, vacancies Ixdng 
filled by the promotion of (experienced and 
deserving assistants or accountants’ clerks at 
least as often as they are advertised or reserved 
for “ admitted ” men. 

The shortest and surest route to a principal 
position of either grade is to enter as an articled 
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clerk the office of a borough treasurer or ac- 
countant who is a Fellow either of the Institute 
of (‘bartered Accountants or of the Society of 
Accountants and Auditors. These are the two 
general aeeoimtaney hodi(\s whose diplomas 
(uirry most weight within tlu* municipal world 
as well as without. Their examinations Avill be 
found fully discussed in the (‘i.kiiksuip and 
Accountancy course, and need nut occupy us 
here. 

In this W ay tlie student, w hilst gaining valuable 
experumee in the jiraetioal sid(i of municupal 
accounting, can prepare for the examinations 
admitting to the Assoeiatt'ship, and ultimately 
to the Fellow'.ship. of one of the two institutions 
named. 

On the ('X])irv of his {irtieles he may look 
with some eontidenee for an assistantship, 
and later for a principal appointment. Such a 
direct road to promotion should on no account 
he neglectcid by the fortunate youth to whom a 
moderate ])remium and a term (jf service without 
a salary present no insuperable ol^staele. 

On the other liand, the same advaneiunent is 
within reach of a member of the eh'i’ieal rank 
and file wlio has neither means nor inlliience to 
smooth his jiatli, and this fact const itut(*s thc^ 
great count (T-advantage of the iinane(‘ branch 
as companxl with more highly paid departments. 
The ])ost of borough engineer, m(‘dical officer, 
or surveyor, for instance, is almost out of reach 
of those who are not specially and ex])erisively 
trained from tlu^ start ; hut tluu’c is no reason 
why any aspirant for a hauling financial post 
should not — with good abilities, a fair g(.*noral 
cdiKaitiou, and an afititude for ligur(‘S— attain 
his ambition wliilst supporting himself tjirough- 
out. 

One Way of Success. It will be worlli 
while to eonsi(h‘r shortly the s((‘ps by whieli a, 
ch've.r lad may puisne from small iieginnings 
Hiieli a career as has been indicated. An early 
start is perliaps the foremost essential for success 
under these conditions. 

Years of praidieal experience are needed to 
masker the comph^.xities of the many hranc’u's 
of municipal accounting; an 1 local authorities, 
tinding that their best finance ofticials are 
those who have been trained to the work from 
th(‘ir youth, are rcluetant, as a rule, to appoint 
untrained ehu'ks to these duties after tlie age 
of 25 at the latest. 

4'he ambitious youngster will probably gain 
his footing on the first rung of the ladder of 
jiromotion betw^een tlu! ages of 15 and IS by a 
po.sition as officii youth or junior clerk on th(‘ 
borough treasurer's or ac(‘oimtant’s staff. Hero 
he must take every opportunity that arises to 
master the details of account- keeping, sup- 
plementing this practical training by evening 
classe.s in bookkeeping, banking, and commercial 
subjects. In this way he will be (jualifii^d for the 
post of office clerk or junior bookkeeper when a 
suitable vacancy arises ; and after a few years’ 
further experience in that capacity, he should 
be ripe for promotion — cither in the same office 
or by transfer—to the grade of chief bookkeeper 
or accounts clerk. 
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Meantime, it will be aclvisui)le for the budding 
accountant to direct his studies towards obtain- 
ing a recognised qualification. We have seen 
that this is not an indispensable step, but, on the 
other hand, it offers no colossal difficulties, and, 
in view of the great value of a professional 
accountancy diploma when competing for a 
leading appointment, even the hardest -worked 
accounts clerk should not neglect it for any l)ut 
the gravest reasons. 

Of the two accountancy associations already 
mentioned, the Institute of diartered Account- 
ants admits to its examinations only those 
students who have served at h'ast three years' 
artieles to a member. For such a self-dependent 
youth as we have in view, this is an al)solutt‘ly 
})rohil)itive condition, unless his ofliice chief 
should be liimself a chartered accountant, and 
would grant him his articles on exceptionally 
fa\'ourable terms. 

'ITie Society of Accountants and Auditors, 
liowever, accepts candidates, other than arthded 
clerks, who have served a specified term 
c»f years (six for the intermediate, and nine 
lor the final examination) as clerk to a municipal 
or other public accountant. The official who is 
r('sohitely seeking a professional status may, 
therefore, find it expedient to lake this Society’s 
final examination as soon as possible after 
reaching the minimum age of 2o. He must then 
wait for promotion to a principal clerkship before 
he is eligible for the Associateship or F<‘lhwship 
(A.S.A.A. or F.S.A.A.). 

I’here cannot he two opinions as to the 
vahie of this qualification for municipal work. 
I'hc Se('i‘etary of the Society of Accountants 
and .\uditors states that “ the post of borough 
treasurer or accountant to the larger majority 
of the boroughs throughout the country is 
lu‘ld by members of tiiis society, the diploma 
(»f which carries a great deal of weight in any 
competition for such an ap))ointraeni.” A 
reference to the lists of municipal officials 
amply confirms this claim. 

The I.I.M.T.A. ^rhere exists, however, for 
the benefit of munitapal officers alone, a some- 
what similar society, whose examinations are of 
especial value, sinca^ they are directed to the 
particular branches of accountancy with which 
such officials aie concerned. '^Flus is the Incor- 
porated Institute of Municipal Treasurers and 
Accountants. 

Membership of this body is w^idt'ly I'eeognised 
its a proof of efficiency, many local authorities, 
when advertising a vacancy for a (reasiircT or 
accountant, accepting that (pialifimtion ecjually 
with the F.C.A. or FS..A.A. dij)loma. The 
young student of local government accountancy 
will, therefore, probably be attract?^ to an 
I.I.M.T.A. certificate in jweferenee to those of the 
other two bodies named. The examination sub- 
jects, fees, and other particulars, are set out in 
the accompanyng scheduh*. Examinations, both 
preliminary and final, are held ytjarly. The 
centres are determined after all applications are 
received, but always include London and one 
Northern town, at least. The scope of these tests 
is thus defined by the regulations of the Institute : 


‘‘ The preliminary examination is designed to 
ascertain that candidates have a practical 
elementary acquaintance witli the business of 
the finance department of a municipal corpora- 
tion or kindred autliority. 

“ Tlie final examination is of an exhaustive 
character, and is design(Kl to test the knowledge 
of candidates in the whole range of municipal 
finances and the law relating tlieroto.'’ 

Having attained this, or an equivalent certifi- 
cate, the former office* youth should find himself 
in the position of ehi(*f finance or audit clerk, or 
assistant accountant, and is fully (pialilied for 
an accountancy proper. If he is fortunate, 
as Avell as able, lie need not liave long to 
w'ait. 

Age Limits. .Many chief account aney 
positions arc held by young men of less than 
30. One sn<*]i post in a busy London borough, 
at a commencing salary of a year, was lately 
w'on by a public, accountant of .'U : and that at 
Acton (shown in our list) was reslrieted to candi- 
dates between ‘28 and .35 years of age. More 
usually, liowcvei-, tlie upptu' limit is extended to 
40 or beyond. 

I'he }»ost »)f ])r()f(*ssinnal auditor, it may be 
mentioiu'd in jiassing. is generally held by an 
accountancy firm in private practice, who pro- 
vide their own stall of clerks for the audit, and 
are paid by te(‘s varying from a luindred guineas 
to nearly ten times that snni. 

Rate Collector. For llu* office of rate 
collector, no j^artieiilar (lualificatioii is pre- 
serihed. 'riu‘ only essentials are integrity, exaert 
bookkeeping, and a geiu^ral knowledge of the^ 
way in which rales arc* made* and recovered. 
Applicants an* not restricted to any one depart - 
inent, and. indeed, are somc'times appointed 
without pr(‘vious mimieipal experience* of any 
kind. 1'hc best training, li(>wevt*r, is afforded 
by a cleikship on fbe rating staff, and from this 
class tile ranks f)f flu* collectors an* largely 
r<*cruited. 'rii(*se oflici'is must n'side within the* 
district for which they arc appointed, and must* 
])rovidc an office* anel safe. They are* usually 
reepiired to undergej a me*dical exaniinat iem before 
appointment. aTirl te) give se*e*urity for lhe‘ir 
he_)ne*.sty. 'I'hcir dutie*s are mone>tonous, and 
e)ccasionally elistastcful, hut e-ousidering that no 
special kneiw ledge or training is needed tor the 
post, the*y are* we.*ll ])aiel. The* m(*.thod of re- 
muneralieni varies ; sonie*time's it is a fixt^l, and 
at othe*rs a pre'igre'ssi ve slipe*nej, whilst tlio income* 
of semie collecteus varie*s with the number e)f 
assessments em wliie-h the rates are recovered. 
For the smalle*r districts, £150 to £200 is (he* 
usual salaiy. anel fe>v the large*r areas £250 to 
£350, and sometinu's £4(K). The City (/ory>e)ra- 
lion pays its ediief e*e)lleete)r £o(X) a year, and this 
is sometimes exceeeled, a suburban official having 
lately refused an e)(fer of preei.soly that ii.xeel 
salary in lieu of the )K*r(*entage he at jnvsent 
receive.s on all sums eolleeted. But although the 
rate collector is ivell remunerated, he has rarely 
any prospects of further advane^ement. “ Oiief* 
a collector, always a collector,” is an axiom of 
the service. 

Continued ^ 
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Examining Body, 


Few and Ago 

Time, Grade. JMaee 

.8rn.jF.rTS of E.xami.vation. 

.Limits. 

of Kxariiination. 



FitKUMlNAIlY. 

1. Accountancy : 



Rodkkeejnng and accounts (<f local authorities. 



I.oeal autlioritv lirianee : ambling (ral<‘ c(»lle<*tion. tolls, etc,). 

£l Js. 


Aritliinetii‘ and a!g*‘l)ia. 



2. Law : 


IXSTITFTK OF 

General |)riiieipli‘s atfecting iminieipal treasurers and accountants, 

8cc note. 

MnNiriFAti TiikA' 

iiielmliiig statute and eomnioii law, real ami personal property: 


SrilEUS AM) A(’- 

mortgages, ilei'ds. agreem**nfs. etc., contracts. local rates, diitb's of 


COP.NTANTH (IN* 

" overseers, borrowing aii<l rating nmb r <*ertain staluti's 


OOIU'OHATKO). 

Note. Camlnlates niust have served three years in llnaiiee department of 



miiiiiei|)al <*r kimln'd authority. Sneee.ssfnl candidates tieeome student 



mernlKTs of the Institute. 


Final. 

1. Accountancy: ... 



Jiookkeepiiig and aeeonnt.s of local authorities, including matenal ami 

£2 2s. 

Each .lime at 

stores, loans, sitikiiig funds. «lej»reeiatioii ami res tvc funds, etc.. 


two (or more) eeu- 

trading iimb'rtakiugs. etiucation. abstracts .ui<l lialaiiee-slieets. 


tres—ri'j., liondon 

2. Local Authority Finance: 


and ill Nortliof 

Estimates for rates. asse.ssineut and rating, eni ital expenditure. 


England. 

revenue and ineome, and expmiditnre. bi>rrow iiig jtowers. income tax. 



3. Auditing:: 



Audit and elieek of accounts in fiiianee ami otlier departments. 

See note. 


4. Law : ... 



.Mimiei])al Corporations .\el. Public Health Aids, l.oeal (loveriiinent 



Acts. etc. Dntiesot over-^eers. making and ciiloreing ratf's. audit of 



aeeoiiiits • (a.) amiited by L<teal tiovernnient lioard auditor, (/>) md, 



so audited ; inortgagi's. dt*eils. agreeiuents. etc. 



Note. Cmididafes iiiusl be V.HSoeiales of the institiile. orof the LC.,V. or 



S.A.A. : or Stmhmt Members <if two years' standing, or. if tliey have 



serveii the, years in linanee department, of one > cur's standing. 

i 

m 

CLERKSHIPS, LONDON COUNTY COUNCIL 


Thk Lonpo.v 
rocNTY ('(MiNcrr., 
Spriiij? (i anions, 

s.w. 

VVlioii rofiuiaito. 
iiaually two or 
throe timo» yearly: 
Part 1. at aovoral 
London oontros. 
Part n. at one 
8\ioh eontro. 


Foea and Age 
Limits. 


18 to 23 years. 


.Srn.ll-X’TS OF hXAMINATlOX. 
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THE SEDIMENTARY ROCKS GEOLOOY 

How Sedimentary Rocks were Produced. Sandy and Clayey Rocks. 5 

Limestones. Coal. Volcanic Rocks. Metamorphism. Schists (jonunuoH from 


By W. E. GARRETT FISHER 


have already seen quite clearly that the 
igneous rocks are the oldest constituents 
of the earth’s crust. Since the earth once 
existed in the form of a nebula, or liery cloud 
of warring atoms, and cooled by successive^ 
stages into the planot which we now inliabit, it 
is perfectly evident that there was a time 
when its surface consisted solt^ly of igm'ous 
rocks — granites and basalts, and tlieir allied 
families. But at present tho most casual 
observation tells us that this is no longer tho 
ca.se. 

Sedimentary Rocks. Tho surface of 
tho earth is mainly covered with what we call 
.s‘Oi7, tho product of disin((‘gration of hard 
rocks by atmospheric and other agencies. 
'I’his layer supports all life on tho earth, 
because it brings forth vegetation, and so 
feeds animals, and, directly or indirectly, 
mankind. Underneath this wo find a subsoil 
of very varying formation, if we examine it 
by driving a shaft or a borehole, or by studying 
the sections of the crust which are made by 
natural olilis, as on the sea-coast, or by artificial 
cuttings for a railway line or a quarry. Some- 
times the soil lies on the top of what, we can 
recognise as an igneous rock ; some, of the 
most productive of Italian vineyards, for 
instance, are separated by only a thin layer 
of rich soil from tho lava of a volcano. But 
more frequently the subsoil proves to be 
different from any of tho igneous rocks that 
we have studied. It is non-crystalline, is 
arranged in definite layers or strata, and con- 
tains fossils, or relics of vanished forms of life. 
By all three characteristics, or by the two first, 
wliich are often present without the third, we 
then decide that this suksoil is not an igneous 
but a sedimentary rock. In other words, it 
must be a product of later growth than tho 
igneous rocks ; for as tlio whole of the crust 
was once igneous, tho sedimentary rocks must 
have been derived from these, whence they are 
sometimes called derivative or secondary rocks. 
In later chapters wo shall have to study the 
processes by which the sedimentary rocks have 
been produced. First, however, wc must make 
acquaintance with their various characteristics 
and the families into which they may be divided. 

How Sedimentary Rocks were 
Produced. The classification of the sedi- 
mentary rooks is much simpler than that of 
the igneous rocks. They are far less varied 
and complicated in structure than those from 
which they are derived, partly because tho 
natural agencies which have broken down tho 
igneous rooks into these secondary products 
are less powerful and consequently less sweep- 


ing in o})eration than tho agencies of heat, 
chemical action, and pressure which have 
produced tho igneous roeks.f Tho latter wore 
compounded in the gr(‘at laboratory of Nature, 
in tho molten interior of the planet ; tho former 
came into existence on the earth’s surface under 
tho milder influeneo of rain, sea and rivers, 
frost and ict*. wind and weather. It is quitc5 
natural tliat their forms should be less complex 
and their origin easier to comprehend. Wo 
shall see later how they were produced. It is 
enough to say here that they liavo all been 
foi'med of fragments broken from igneous rocks, 
and deposited in layers. I'liis was generally 
duo to tho action of water, in which tlujy wore 
ineehanically suspended - Wlao. the mud in a 
brook that runs dark and turbid after heavy 
rain — or chemically dissolved, liko tho salt in the 
sea. They are, in fact, tlio detritus of tho earlier 
uorld, tho bjoken down relics of the primitive 
igneous rocks. A possible way of classifying 
them would be according to the nature of the 
agency wliich broke down the older rocks and 
rearranged them, as follows : 

{a) /Kalian rocks, jinKliicod by the action of 
uind, like the vast beds of loess which form 
sonv' of the most fertile tracts of China. 

(/-/) Aqueous rocks, formed by the agency of 
wat(‘r. Those form much tlio largest group, 
and may bo subdivided, according to whether 
the fragments have been deposited from a 
condition of mechanical suspension in the 
water — sandstone and shale — or have been 
crystallised from a Koluiion — ro(*k salt and 
crystalline limestone. 

(c) Organic rocks, formed by the action of 
life, like coral, i;halk, and many limestones. 

(d) Volcanic rocks, or Tuffs, which result 
from tlio breaking up of lavas and their ejection 
in fragments by volcanic eruptions. 

Classification of Sedimentary Rocks. 
This classification deserves notice, as it gives 
a preliminary idea of tin* m(‘thod3 by which 
the sedimentary rocks wlmt^ formed. But it 
is not a very good one, as tho examples named 
will show. Are we to classify chalk, for instance, 
as an aqueous or an organic rock V It was all 
laid down by tho water of the sea, in which its 
constituents w^cro once floating. But it is also 
mainly composed of tho remains of innumerable 
tiny creatures, which formed the calcium 
carbonate of the sea- water into shells and 
skeletons. Probably the most convenient 
classification is that which depends on the 
chemical composition of the rocks. We find 
by investigation that tho sedimentary rocks 
are far less complicated in this respect than 
their igneous ancestors. The groat majority 
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of tlH'.m arc composed mainly of one of four 
minerals — 8and„<'l(itj^ lime, or rarhon. According 
o the prevalence of one or other of llie.se 
substance};, we may divide the sedimentary 
rocks into four great families : the nrnmceous 
or sandy, artyilfaceou.^ or clayey, cnlrarenns or 
limy, and carhanaceous or coaly rocks. A tifth 
cIhss is nee(‘ssary, iruh'cd, to contain the few 
sc^dimentary rocks which refuse to fall into 
one or other of llicsc' families. Hut that only 
shows that Nature diTlines, here! as elsiiwlu're, 
to work according to the strict logical distine- 
t ions of the theorist. 

A short account of the chief sedimentary 
ro(^ks with which the g(‘ologist has to familiarist? 
hims(df may now lu* giviai. It should he 
supplemented by readijig one of the fulh'r text- 
books, and by examination of actual specimens 
in a museum and in the lield. 

Arenaceous, or Sandy, RocKs. Tlie.so 
are composed mainly of mnd, which is simply 
an aggregiite. of tiny fragments <if (piartz — • 
}mre silica -more or less rounded, and not 
hound together by any 
(‘cment. \Vc are familiar 
with it on tb(‘ sea-sliore, 
on the margins of lakes 
and rivers, and by hear- 
say, as the soil of vast 
deserts in drier parts of 
the world, 'this sand is 
the debris of (juartz rocks, 
granite, etc., caused by tlie 
wear and tear of ages. 
vSornetimes the procc'ss has 
not been earried so far, and 
instcjid of sand we have 
(jraeel or shiiKjfe, such as 
eolh'cts at the hmid of a 
river, where the current 
runs less swiftly and so is 
iinahle to drag it further 
along. It is impitssihle to 
a.ssign any limit of size 
beyond wliieh tliest' debris 
cease to be debris and hav(‘ to be eonsidi'red 
as part of the original rock ; but one may 
say roughly that .sand lonsists of jiartieles 
ranging from the sizi' of a small poJi down to 
impalpahh' powdi'r, gravid of partieh's ranging 
from a piMi to a walnut in si/e, whilst shingle 
may range from that up to blocks a foot or more 
in diameter, h’nrther, a distinction has to he 
drawn, in practice, between rounded sand and 
pcbl/les sucli Jis are found on a .sea-heaeh, where 
the wavo.s have been grinding the partiek's 
against one another till all corners are worn otT, 
and angular fiagments of more recent origin 
found in a ipiiet spot. 

The various forms of (piartz detritus known 
as sand, gravel, shingle, and pehhle.s form tlw^ 
raw material of tlie chief sandy rocks. They 
are again united into a solid I’oek in two ways. 
The more prcs.suro of the superincumbent 
strata is often sufficient to consolidate fine 
particles of sand into a coherent mass — just 
)Ui.powderod graphite is squeezed in a hydraulic 
until it forms the solid lead for our pencils. 
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In other eases the soparato particles are Iteld 
together by a hard c.'iniuit, or matrix^ which may 
he liardciKul sand or clay, or chemical cement 
precipitated from solution in water. The 
numerous varied ies of sandy rocks owe their 
countless dilferjuices to the union of different 
kind.s of particles by ditlerent kinds of cement. 

Sandstone. Sundsf me 1 29] is a rock formed 
of consolidated siiiul, lu ld together by its own 
cc.lu'nmee or by a eemeiit, which may be of 
iron oxidii (which givc's its colour to most of 
the red sandstom's), of (day, (.)f carbonate of 
lime, of silica, or other material. Thus, wo 
have ftMTuginou.s, jirgillae ‘ous, eardionacc'.ons, 
siliceous, and yet other sandstones. Jf the grains 
of sand are somewhat coarse and angular, so 
th.Mt the stone, Avhen broken, feids very rough 
to the toiudi, it is known as (IriMone. 

Grcyu'neke is the name givcm to a ])art icularlv 
eompaet and hard sandstone, of a prevalent 
grey colour, which is th(‘ hanhauxl muddy .sand 
of very aneitait .'-^(‘a-llonrs. Flagstone, used for 
paveiiuuits, is a sands tom^ which splits into 
til in Hags ahmg the plain's of 
l)(.‘dding or strat ifieation. 
Fre(sf(nir is a sandstone 
w'hiidi can be cut with 
e(|ual ea.s(‘ in any diivcfioii, 
andsliow's no such tenrh'iicy 
to split up. 

Conglomerate. This, 
])opularlv known as 'pudding 
stone (30]. is a rock in 
whieli the sand is n'jdaecd 
by gravel or shingle, held 
togtdher by a eenu'nt wdiieh 
may consist- of hardemed 
sand or (day, or of the 
mat (‘rials me ntionod in the 
last paragiapli. Tli(‘ rounded 
p('l)hles. \vhi(h give idia- 
raet(‘r to the e()nglomerat(', 
may lx* of (piart/,, granite, 
limestone, or many other 
rocks. 

Breccia. Breccia [31] is a ro(d< in wdiich 
tlie pebbles, instead of being roumk'cl, as in eon- 
glonu'rate, are angular, d’lu'. real distinction be- 
tween the two is that conglomerate points to th(^ 
action of Avater, which ahvays U'luls to round 
])ebhles exposed to its aeticAn, and breeeia to 
atmosplu'ricf denudati(An (siudi as forms cliff 
screes and glacial moraines), Avhich leaves the 
fragments rniudi as they Avere Avhen broken off 
by frost or other Aveathering inHuenees. 

Argillaceous, or Clayey, RocKs. 
TIk'Sc are eompo.scd of fine argillaceous sedi- 
ment, d('riv(‘d from the wMste of rocks, espt'cially 
of granites and other rocks Avhich contain the 
hdspars as ingredients. Clay itself is a hydrato-d 
silicate of alumina, Avhieh is a product of the 
dceompo.sition of felspar. It occurs in many 
varieties Avith differing compositions, of which 
kaolin or china clay, pipe-clay and ftxe-clay are 
well-knoAvn examples. Brichclay is a na-mo 
industrially given to the coarser clays. Loam is a 
mixture of clay and sand, which provides an 
excellent soil for many kinds of vegetation. 
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Lf)ess, again, ih a clay which has iicon accumu- 
lated probably by wind-drifts lo the depth of 
hundreds of feet in the great river valleys of 
China, where it plays an im])ortant ))art in agri- 
culture. Boulder 'da If, or till, is a still', sandy 
clay, full of boulders of all sizes, wliieh is found 
only where ancient glaciers 
once ground to powder all 
but the hardest fragments 
of rock, and in which thesis 
surviving fragments are still 
found embedded. All these, 
it will be nmiembercd, ari> 
rocks in the geological, 
though not in the popular, 

!iensc of the word. 

Under ]>ressure of over- 
lying strata, ancient clays 
have hardent'd into com])act 
rooks. Mud-done Is the in- 
termediate stfige betwei'ii 
clay and rock, in the popular 
sense. It has no bmclenoy 
to split into plates, and is 
(*asily rubbed down into mud 
with the aid of water. Shale 
is a general tcuni given to any clayey rock which 
sjdits easily into tliin layers ; there are countless 
varieti('s, according to what other material 
as iron ]>yrites, sand, limi'stone, or carbonaceous 
matter — happens to lx; present with the clay. 
(Hl-fihales arc' used in the. manufacture of 
paro-ffin. Slate is a hard, clayey rock which 
splits into thin, r(‘gular plates along its ck'avage 
planes, W"hi(;h are not necc'ssarily the same as 
the bedding planes that represent- the original 
surfaces of stratification. It is much em])loye(l 
in buildings, owing to this convenient property. 

Calcareous Rocks, or Limestones. 
These consist mainly of calcium carbonate. The 
purest example is dtallc (32), a soft rock which 
often contains more than t)t) piT cent, of calcium 
ear bona to. It is composed of the shells and 
skeletons of minute organisms uhich once liv<‘d 
in ])rimeval seas, from _ 
whoso w'ators they ex- ^ ^ 
traotod the; calcium cai’- 
bona te, which they built 
up into wonderfully 
iM'autiful, though micro- 
scopic, structures, which 
fqrll dow'n to the sea- 
t>ed when the organisms 
died and rotted, ulti- 
mately forming deposits 
of hundreds or thou- 
sands of feet in thick-, 
ness during the lapse of 
long geological ages. 

By far the larger number 
of limestones are simi- 
larly of organic origin. 

The}' vary in hardness and in chemical com- 
position so widely that it is impossible to give 
any acoouert of their varieties. It must bo 
noted that in many eases limestone, though a 
true sedimentary rock, presente a Qrystallino 
structuro, since it is soluble in water — especially 


if carbonic acid be present —and may erystallis.^. 
out if it is again deposited fiom this solution. 
Marble, as wc; sluiU see hit(*r, is a limestone. 
W'hieh has been crystidlisi'd by heat, and belongs 
properly to the station of metamorphic rooks. 

'J1ie tnagueifian liaiestones, or dolomites, are 
an ini[>orlant clas.s of eal- 
eareous rocks, vvhieli consists 
of a mixture of calcium car- 
bonate with magnesium oar- 
honate. All Hmi stones Iiave 
the important [iroperty tliat 
when tliey an* heated, or 
“ hurnt,” the carbon dioxide 
(CO.j) is driven olV as gas, 
and (piieklime (t'aO) is left 
behind [s(‘e UiiKMiSTRY]. 
Th(‘y an; easily reeognis(;d 
by the fact that, thiy 
elferves(;e when acid is 
dro})ped on them, earhon 
dioxide being again giv(‘U 
off and forming hubbies in 
the acid. 

.\mong calcareous rocks 
we must note those eoiitaiii- 
iiig phosphate of lime, which arise ehietiy 
from organic, soun es, and are valuable for their 
us<‘ as fertilisers. These include (juauo, hone- 
hreccia, plios photic chalk, and tlu* coprolites, or 
fossil exe.n*m(*nt, which often o<-eur in whole 
beds. (Jcolog'icaliy these arc' of little importance, 
sav(‘ as bearii^g w'itness to thi* earlier forms of life. 

Carbonaceous Rocks. (Airlionaei'ous 
rocks hav<‘ almost all Ix'cn derived from tlie 
decay of vegetable* matter. They play an im- 
])ortnnt part in human life as the chief sources of 
lieat ami [)OW’er. Tneleed, tluTc is no rock, with 
the possible exception of the flint which first 
taugiit man to make liimse'lf tools, that has had 
so much inlluenee on the oour.se of human 
civilisation. Peat is the most recent form of 
carhonac(‘ous rock, and can easily be recognised 
as n'cently decayed vc'getation. found ehietiy in 
boggy places. Lignite, 
or brnwu coal, i.s a more 
advanced stag(' in the 
min(‘ralisa.tion of v(‘g(;- 
table matter, and occurs 
in strata more recent 
than those of t!ie cduI 
measures. Coal is a true 
rock, which contains 
7”) to !)() per cent, of 
carbon, along w’iih oxy- 
g(‘n, hydrogen, and 
nitrogen — the chief 
organism - building ele- 
ments —and w'ith impuri- 
ti(‘s which are left as ash 
when the coal is bunit. 
For .‘I special account of 
the numerous varit‘tios of coal, with their special 
uses, the reader must consult (he course on 
Mining. We need only mention anthracite, 
which is the most completely mineralised form 
of coal, and contains over 90 per cent, of carbon. 
The volatile constituents haves been expelled 
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from it, proLably by the near approaeli of in- 
trusive volcanic rocjkH, ho that in a sense it w a 
metamorphic rock. 'Flic valuable Welsh steam- 
coal is a form of anthracite. Petroleum, which 
may he termed a liquid rock — tiH mercury is a 
liquid metal — at ordinary temperatures, is also 
a product of decayed vegetation, possil)ly due 
to the destructive distillation of coal und<‘r great 
pressure in the lower strata of the iTust. Asp/utff 
is probably of similar origin. Graphite occurs 
in largo masses in j)laccs as far apart as 
Oiimbcrland and Oeylon, and must he named 
under this head. Its origin is not t^lear, hut it 
iH kno'wm to he prm^lieally pure carl)on, and 
may thus rank as tin* last stej) in the altera- 
tion of vegetable matter. 

Other Sedimentary Rocks. Tljere 
are a small number of sedimentary roeks which 
have found no space inside this classification, 
but must be mentioned in the course of such a 
review. 

Siliceous Scdimeulnrjf Rucks ar<‘ of organic 
origin, and con- 
sist of the shells 
and skeletons of 
marine organisms 
which chose to 
build their frail 
houses of sili(^a. 
rather t ban of 
iimcstonc. The 
most important 
of these is flint 
[83], which is 
jmvctically pure 
silica, partly 
.amorphous and 
partly erystal- 
iine. It is found 
in nodules, 
usually dispersed 
through tlie chalk 
strata. Tt is be- 
lieved that these 
iKKiules or lumps 
were formed by 
the ehcmical deposition of the silica of the 
sea-water around the nuclei afforded by the 
siliceous skeletons of dead sjioiigos or diatoms. 
The great importance of flint frou) a luimtm 
IKunt of view lies in the fact that, though 
intensely hard, it can- easily W chipped into 
shapes with sharp edges, and so lends itself 
more readily than any other material to the 
manufacture of primitive cutting instruments 
f 84 and 35]. It is not too much to say that 
the whole fabric of our civilisation is based 
on flint. 

Crystalline Sedimentary Rocks. 

These, though not very common, do occur. 
Wo have seen that there are two ways in wiiieli 
a mineral may crystalli.se — oitlier by cooling 
a state of fusion, or by precipitation from 
a solution in water or other liquid. Dianu/mis 
are undoubtedly formed in the latter way, by 
the orystiallisation of carbon which has heeii 
<ks8olvod under great pressure in molten iron. 

3 ft hich is found in l)cds hundreds of 
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feet thick, and often assumes a ciystalline 
struetiire, is clearly the relic of ancient se^ bl 
salt lakes whicl/ have gradually dried' up. 
Limestone is often found in a crystalline form, 
due to the fact that it has dissolved in water 
f'ontaining carbonic acid gas, and has again 
been deposiU'd in (‘rystallinc form. Travertine^ 
or calc-sintcr, is tinis d(‘positcd by calcareous 
springs, w^hile the stalactites and stalagmites of 
limestofie caveams are of similar origin. 

Volcanic Fragmental Rocks. Vol- 
canic fragmental rocks, or tuffs, though not in the 
strict sense of the wwd sedimentary rocks, are 
usually included in this family. They consist 
of the materials ejected from volcanoes other- 
wise' than in the form of lava. They vary in 
si/<‘ from volcanic bombs, often several feet in 
diaTueter, to th(‘ impalpable volcnnic dust, which 
floats in the air long after an eruption and slow^ly 
settles down on tlie earth, whei-e it becomes 
stratified just as if it had lunm de})osit(*d by whaler. 
Volcanic tuffs are roi-ks formed of this kind of 

detritus, fine or 
coarse, which 
vary, according 
to tlic nature of 
their materials, 
from a coarse 
volcanic, conglo 
w crate, to a fine- 
grain o. d roe k. 
I'liey are founct, 
of course, only in 
the neighbour- 
hood of ancient 
volcanoes, and 
usually shade off 
into true sedi- 
mentary forma- 
tions. 

M etamor- 
'phic Rocks. 

Tliere is a third 
class of rocks 
w'hich are neither 
igneous nor 
sedimentary — that is, these rocks arc no 
longer in the original state in which they 
solidified from the molten coi’o of the earth's 
crust, nor yet liavc tliey Ix^en broken down 
and arranged in strata by the action of water 
or atmosplieric intiuenees. They have, however, 
undoubtedly been altered from the condition 
in which they w^ere. first produced, and accord- 
ingly th(*y are described as metamorphic or 
altered rocks, 

'Hieir ])]’esent state bears witness to the action 
of many and various agencies of change. Some 
of them are igneous rocks which have assumed 
a false stratification in consequence (probably) 
of the pressure of sujx'rineumbent layers or of 
pressure exerted from the side by the great 
deformations due to the shrinkage of the 
earth's crust and its consequent wrinkling into 
mountain ranges. Other.s are sedimentary 
rocks Avhich have assumed a false crystalline 
character through the action of heat, usually duo 
to their coming in contact with intntsive floods 
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of molten 
lava wel- 
ling ii p 
from be- 
neatli the 
Hurfmu^ — 
co7i tact 
m(‘ta mor - 
phis in . 
M a rblc y 
f o j‘ i a - 
stanee, is 
a nu‘ta- 
m or]) hie. 
rock wliieii 
is a o \v 

crystalline. It was once sedim(*n<ary linnsstone, 
nhieh has l)ef‘n melted under 
gn'at pressure and has cry- 
stallised ill cooling. If we 
heat limestone under the 

normal conditions which ol)- 
tain at tlu^ earth's surface, 
it does not melt, but the 
carbon dioxide* [iiasscs off as 
gas, and lime is k'ft- behind, 
as occurs in (‘very liine-kilii. 

But if the lim(‘ston(' l)e 

eiV'Ioscd in a sl(*el chamber 
so strong that (lu* ])r('ssur<' 

(tf the escaping gas cannot 
burst it, it is jiossible to 

melt it, and to prodiua* a 
kind of marble in our laliora- 
tories, so illustrating the pro- 
cess by which marble >\as 

naturally produced when vast 
masses of limestone sank 
down far bemnith tin* earth’s 
surface and werc^ exposed to 
the central fires under the 
immense pressure of miles of 
superincumbent strata. 

False Stratification. It 
is not necessary to enter into 
a detailed account of the various met amorphic 
rocks, which can he arranged in a long si'ries, 
where every tt^rra shades into the next one, from 
f ho argillaceous uchuts closely resembling slates 
to the gneisses which can often be distinguished 
from granite only with dinieulty. It is 
enough to say that tlu‘se rocks are in general 
characterised by a double set of qualities 
which stamp them as intermediate lietween 
igneous and sedimentary rocks. They are 
crystalline, and they are arranged in layers 
or strata. Close examination btjtrays a typical 
distinction betwcH'n these strata and those 
which mark the tjaio sedimentary or stratified 
rooks. In the latter ease the strata, or bed- 
ding-planes, indicate tlie successive layers in 
which these rocks w^ere deposited by whaler 
or other agency. In the n\etamor|)hic rocks 
the stratification is produced in quite a 
different way. It is found by experiment that 
if a mass composed of crystals be subjected to 
powerful and long-continued pressure in a par- 
ticular direction, the ciystals which compose it 
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tend to renrrange themH'lvts so Dial all their 
long(‘r axes li(‘ In the same diivet ion —just as 
th(‘ dates wliieh have been sqiuH'zed into one of 
the lumps familiar in all grocers’ shops arc found 
to lie jiractieally all in oik* direction. It is 
this rearrang(‘m(‘nl of the s(‘])aiat:‘ crystals 
which ])roduc(‘s a falser a])pcaran(e of stratifica- 
tion in the im'tamorphic rocks. 

Schists. A cryslalline rock w’hich has thus 
obtained a stratified structure as Die result of 
pressure is known as a sr/nst ; it is often spoken 
of as being Inflated, rather than stratified. A 
seliist may also he the product of lK*at or chemical 
action iqum a scdiuK'Utary rock, which gains a 
crystalline (,hara(‘t(‘r without losing its stratiticHl 
appearance*. Practically all motainorphic rocks 
ow'c their origin to one or other of tli(‘S(* causes. 

'flu* Schists an* almost as 
niiUK'rous as tla* sedimentary 
and igneous rocks from whieli 
tht‘y are derived. Thus W(‘ 
hav(' claji-schist and quartz- 
schist, w'liieh are both crystal- 
line forms of clayey and 
sandy s(‘dimentary rocks, w hile 
quartzite is a still mon^ 
thoroughly erystallised sand- 
stone. Srfristosr cnnqfnmerates 
are* conglonierate*.s in which 
jue'ssiire has jirodueeeJ a hedeh'd 
struct lire l)y the* arraiigemenf 
of the p(*bl)les into lay(*rs. 

( 'rysta Hi w c Ii nicsfau e and 
luarhle are also of s(‘dimcntary 
origin. (falthrn-srhisf, latru- 
hlende-srhisl, niica-schist and 
the like m*(*d little* explana- 
tion. Oueiss is the l(‘rm applied 
to the coarse schists wdiieh 
present characters resembling 
those of granite*, some of 
which are* voleanie rocks which 
have acquired a slratifi(*fl 
eharaete*!’ I)y alte'ration under 
pre'ssure, wliilst othe*rs are 
sedimentary rocks which have* be*cn crystallise*d 
by heat. '^I’his show s 
very prettily how 
diametrically op- 
j)Osed historie.s can 
end in n(*aiiy the 
same* result in the 
great laboratory 
of Nature. 

We shall now' pas.s 
on to the st'cemd 
great division of 
geological study — 
physical geology, or 
the examination of 
the agencies at 
work to produce the 
sedimcntiiry rocks 
which now cover 
the greater jiart of 
the earth, and give 
us our soil. 

Continued 35. neolithic implement 
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By JOSEPH G. HORNER 


The Two Kinds of Liquids. 

ftxistH in three forniH— solid, Jiijuid, and gaseous, 
i^iquids and gases liave. no definite shape, and 
cannot, like solids, rc'sist the aetion of forces 
impressed upon them. They are therefore called 
‘"fluids.” ((Jr. hi^dro water, 

Htatihoa static, or standing), strictly speaking, 
deals only with non-(‘lastie fluids- /.e., lupiids. 
Water is so slightly compressihh* that a pressure 
of 22 atraospheres (324 11>. per square inch) 
merely diminislu‘s its volume hy a lliousandth 
part. 1’herc are Avidt*Iy varying degrees of 
i*e8istance to change of shap • anions; li(|uids. 
Water, chloroform, and alcohol move very 
freely and are called mohili' li»juids, hut oil, 
tar, pitch, treacle, and honey move v<‘rv. very 
leisurely, and are called viscous licpiids. As this, 
however, is only a question of degr(‘(‘ of friction 
iKdAveen the jiartieles composing the litjuid, 
and as viscous licpiids India v(* like mobile li(piids 
if they are given sutlicient tijiic, this distinction 
is of little eonseciuence in (jiicstioiis concerning 
the equilibrium of liquids. A perfect fluid woidd 
1 m! one in whieh frudion between the particles 
Wivs non-existent, and in whieh there was there- 
fore no resistance to alteration in shape. A 
moment’s consideration vvould show that as a 
eons(‘qucnee of this the pressuie of a licjuid at 
any point of a surface on whitdi it acts is always 
perpendicular to that surface at that point. 
Hence', in constructing (‘inhankmcnts, dams, 
clocks, and so on, the pressure of the Avater 
has to he considered as acting in the direc- 
tion of the arrows shou-n in the throe cases 
in 128. 129, and 130. The pressure is always 
perpendicular to the surface of the Avail, and 
if the latter he not strong cnougli. it Avill 
be pushed along on its base, overturned, 
crushed, or lifted, as llic various arrow.s 
indicat(*. 

How Engineers Use Water. The 

engineer may he said to regard and to use Avater 
in tAvo ways. Pascal, over 200 years ago, inves- 
tigated the hchaviour of Avater under pressure, 
and a century later that marvellous inventor, 
Joseph Bramah, produced his hydrostatic 
press, the action of Avhich is based on the great 
law Pascal discovered. The modern hydraulic 
press, capable of exerting anything up to 
12,000 or 14,000 tons pressure, and under Avhoso 
oction steel yields like clay, is an illustra^^ion 
of one of the AA^ays in Avhich engineers use 
Avater — by communicating pressure to it in such 
a way that that pressure, os wo shall see later, 
is en(>rmously magnified. Secondly, Avater pos- 
sesses of itself a huge pOAver, due to the force of 
gravity. Sometimes this is iitilised, as in Avater- 

im 


Avlicels and turbines, and in the equivalent form 
of the accumulator, hut just as often it is a force 
Avhicli the engineer is called upon to neutralise, 
as in the construction of dams, lock gates, and 
retaining walls. 

The Principle of the Hydraulic 
Press. Pascal, that mystic and fascinating 
scientist, found that liquids possessed the pro- 
))erty of transmitting eqimlly in all directions 
pressuH' exerted at any point on their surface. 
Tiiis is Avell illustrated by the apparatus in 131. 
Tji(‘ closed vessel, the shape of which is imma- 
terial, is filled Avith aa ater, and at dilTcrent points 
in its surface arc cylindrical openings fitted with 
pistons. I’istou B - tAvioi' the area of A; 
(' -three times A; 1) four times A. Now, 
according to tlie hiAv just stated, any pressure 
iominunicated to the Avater by a piston will be 
transmitted Avith undiminisbed intensity in all 
dirts tions inside the vessel. If the other pistons 
had the same area as A, ajid the latter were 
presvsed inwards Avith a pn'ssure of 40 lb., 
B, ('. and D Avould (*ac*h be forced outwards with 
a pres.surt' of iO lb. (in aihlition, of course, to 
the pn'ssure previously .sustained from the water 
itself). But as tlie area of each piston is double 
that of tlie preceding one, this 40 lb. pressure at 
A Avould become 80 lb. at B, 120 lb. at C, and 
ItiO lb. at T). As the area is multiplied, so is the 
power. The same laAv is illustrated in the 
ajiparatus known as hydrostatic belloAvs or 
hydrostatic paradox 1132]. AB and 01) are 
circular boards connected by leather bellows ; the 
tube E opens into tlic interior of the apparatus, 
and through it Avatcr is poured until the bellows 
are distended as tar a,s it is possible. Heavy 
Aveights- even the Avcight of a man — may be 
placed on AB, and supported by the weight of 
the small column in the tube. Jn this way AB 
c ould be made to raise and support a hundred- 
weight if the tube hold 1 Ih. of Avater and 'the 
area of AB were 112 times that of the tube. It 
must not be forgotten tliat this multiplied trans- 
jnis.sion of pressure is entirely due Co the incom- 
pressibility of Avater. 

How Hydraulic Presses Work. We 

are now able to understand the action of that 
wonderful machine, the hydraulic press, as it is 
constructed to-day, or, as it is sometimes called, 
Bramah’s press, from the name of the inventor 
who devised its principle of operation. A [183] 
is a force pump AA'hich, operated by the lever 
handle B, pumps Avater from the chamber C, 
through the pipe D, into the strong cylinder B* 
thus forcing upwards the ram P. Let us con- 
sider its working in detail. On raising the 
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handle the? lihmger P is lifted, tlie valve G at 
the bottom of the cylinder A is raised, and water 
enters from the reservoir 0. On pressing 
the handle B, the valve (il closes, and another one 
(not shown) opens in the pipe I), through which 
the water is then forced. (An enlarged, detailed 
view of a pump of this type is shown in 144.) 
Tmagine this to be continued until the cylinder E 
is full. When this occurs, we have a state of 
affairs analagous to that just described in the 
hydrostatic belloAvs. The pressure imparted by 
the plunger P is transmitted undiiniiiished to 
the piston F, but owing to tin* greater diameter 
of F over P this j>r(^ssure is enormously magnified, 
and is multiplied in the ratio of the aiisis of the 
two cylinders. If the diameter of tlie plungcu* P 
be J in., and that of the ram F 10 in., the ratio 
between their areas Avill he as 1 : ],(i00. There- 
fore a prt^ssure of 1 Ih. on the plunger becomes 
an upward thrust of 1,()00 Ih. on the ram. If 
W — load or Aveight supported, and P tlie 
load on or force a])[)h(‘cl to thi^ plung(‘i\ then 
W D 


P 


D being diannder of ram. and d dia- 


meter of ininip ])lnnger. From this formula it is 
clear that the mechanical advantage could he 
theoretically increased so as to produca* an 
enormous multiplication of forc'c — m(U't‘ly by 
increasing the ratio of the areas of plunger and 
ram. But in practice it is found that the 
strength of the sides of the cylinder ii(*cossary to 
sustain sueli great pressure places some limit to 
the power Avhich might he obtained from the 
application of this laAV of transmission of 
pressure. 

flow Gravity Affects Liquids. Turn- 
ing now to the pressure Avalcr exerts owing 
to its Aveight, a A^ery important law runs as 
follows : The livessurc at any given depth defxmds 
directly on the vertical depth below the surface. 
This, of course, is self-evident. 'Iho liquid may 
be considered to consist of horizontal layers, 
those at a great depth sustaining all the layers 
ahoAT.. The Aveight of a cubic joot of Avater is 
ti2J lb., and this would be the pressure on an 
area a foot square at a depth of 1 ft. ; at a 
depth of 2 ft. tlie pressure uoiild equal 2 x 02.} 
or 125 lb. ; at 0 ft., 6 x 02} or ,375 lb. ; at 

0 ft., D X 02} lb. If instead of a base of 

1 sq. ft. the surface pressed contained A sq. ft., 
then the total pressure P ^ I) x A x 02J lb. 
If the liquid in question be not Avaier, its weight 
per unit volume (W) would be substituted for 
02}, and P - D x A x W. 

Strange as it seems, the pressure of water on 
the base of a vessel is entirely independent of 
the qwintiiy of Avator the vessid contains. The 
pressure on the base of a full decanter would be 
the same if its sides Avere vertical or tapered 
towards the mouth like an inverted funnel 
instead of bulging, as long as the area of base 
and depth of liquid remained unchanged. 
Yet in one case it might hold a quart, in the 
other a pint. 

In measuring the pressure of water against 
dams, etc,, the formula P D x A x 02} 
will not be correct, for, as the pressure varies 
with the depth, an oblique or vertical square foot 


or yard will not have uniform pressure all over 
its surface ; the part nearer the surface sustains 
less than the deeper parts, and this explains why 
in cast-iron Avater reservoirs and tanks, and in 
foundation caissons, the louer plates are made 
thicker than the uppiT ones. It is necessary to 
take the average pn^ssure, and this is equal to 
the ])r(*ssuro at the oentre of gravity. So the 
rule for finding the pressure against any surface 
becomes P ' Ari^a of surface pressixl x AH'rtical 
depth of the C.Ch of the surface x 02}. Let 
it bo required to find the total pressure against 
the retaining Avail in 134. Snppo.se the wall 
30 ft. long, and the depth of Avati‘r (E), 20 ft. 
The AA'ctterl area thertdore - 30 x 20 - 000 
sq. ft. 'riu* vertical depth of the centre of 
graA’ity of the snrfaei* pri'sscd heloAV the surface 
of the Avafer is in such a casi^ half the depth of 
the water, or 10 ft. Hiaice the total pressure 
against the Avail 000 10 x 02} Ih. - 

375,0tMJ 11). over 107 tons. 

Retaining Walls. We htiw sirn in 
the preceding ]>aragra])h how the total Avater 
})ressure against a retaining Avail may 1)0 
estimated. In ealeulating the thickness and 
Aveight of wall noc(‘ssarv to yjrevent it being 
overturned or fraetured it is convenient to 
consider this total water pri‘ssure as eoneentrated 
at one particular point in the wall, which is 
called the centre of pre.ssnrc. It is the point at 
which the resultant of th(‘ fluid pressures acta, 
and these pressures constitute a system of 
parallt‘1 forces with a resultant equal to the 
total pressuri‘. If an ecjual and opposite force 
— i.f’., tlio ecpiililirant — were applied at this 
spot, the surface would ho kept in equilibrium. 
A concrete example will render this clearer. 
Imagine, a long, narrow trough or cistern, one of 
Avhose ends, instead of being fiked, is free to 
slide along the length of the trough. If the 
trough he filh'd with watiT the moveable, end 
Avill be forced right out imle*ss it he kept in 
position by the pii'ssure, say, of the thumb. 
Now, if the thumb hc' applied near the top of 
the .surface the AvatiT would ])ush out the 
lower part, and if applied at tlie bottom, the 
water would force the upper part outwards. 
But th(‘re is a certain point at which the counter- 
balancing pressures miglit be applied, so us to 
keep the loos(' end in position and sustain the 
Avater pressure. That point is the centre of 
pressure. In the case of a horizontal area the 
centre of pressure coincides Avith the centre of 
gravity, hut in the ease of a sea-Av^all, where 
pressure increases Avith (*very unit of depth, 
it lies below the centre of gravity, and is found 
to at tAvo-thirds of the vertical depth below 
the water surface. 

In 134 the pressure P is concentrated at the 
an*ow head, one-third up from the bottom, and 
it acts in a horizontal direction. P Avill t(‘nd to 
overthrow the wall by making it turn about B, 
the moment of the Avater being P multiplied by 
BD, the latter in this case being one-third of the 
depth of the water. The moment of stability 
of the wall is the product of its Aveight (con- 
centrated at its centre of gravity G), and the 
distance AB. If the moment of the wall bo 
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!o« 8 than tlic moment of P, the wall will he 
^overturned hy the pressure of the water. 
(Generally, in ealculations of this sort, the wall is 
assumed to be one foot in length, so that the 
total square feet of area of its vertieal section 
also represents the cul)ical contents, and when 
multiplied by the weight of a eubi<; foot of tlio 
material of which the wall is composed, the 
total weight is obtained.) Tii aetual practice 
retaining w.alls are made thicker than the over- 
throwing moment demands, especially \vhev<^ 
waves have to be eonsideivd. And as regards 
the form of the wall, althougli it is found that 
the stability is greater* whcji the water presses 
against the sloping side, yet the dangcu* of 
crushing and fracture often renders it advisable 
to sa(‘Tilico a degree of stability and l(‘t the 
vertical si(l(5 receive the pressure. 

Specific Gravity. Before touching the 
question of tiotation and buoyancy it is neccssar^^ 
to have an exact notion of what is meant by 
specific gravity. 'J’Jie sp(‘eifie gravity (ahhre- 
viated sp. gr.), of any body is its weight, as 
compared with that of an ecpial hulk of water, 
though of course any other suhstnnee would 
serve ns a standard of comparison. In tin* 
ease of gases, air or liydrog<‘ii is tla^ standard 
or unit. Now, as tin* volume of water or any 
other kind of matter changes with alteration 
in temperature, it is miccssary that one pnr- 
tieiilar tcmijcrature should he decided upon. As 
water lias its greatest density at 4 degrees (\ 
(39*2 deg. F.), that is tin? temperature 
generally adopted. Fr(U]Uently, however, 
specific gravities arc nuiasiired at the more 
convenient temperature of 60 degrees. A 
cubic eentimelro of water at 4 (l(‘g. weighs 
1 gramme. With this, then, as a unit, the sp. gr. 
of any substance is its weight in grammes ))er 
cubic eentimelro. When wo say that (he sp. 
gr. of gold is I9'2r), o()j)per *87, lard !).■), 
wine '9, Jhith stone 2-1, alcohol 79, cork 
*24, w’c mean that the.se tigun^s ropresonl the 
weight in grammes of a cubic centimetre of 
these particular suhstanees ; or that the weiglit, 
say, of a euhie foot of gold is 19->5 times the 
weight of a similar volume of water, and that 
the ratio l)(;twe(‘n the weights of a cubic foot 
or inch of cork and water is as *24 is to 1. 

The speeifie gravity of a substance not acted 
on by water and of greater sp. gv, than water 
can bo found hy weighing it first in air, and then 
in Avater, and dividing its weight in air by tlie 
Joss of weight in water. If A -- wt. in air, 
and a -- w’t. in water, then 

Sp. gr. ^-A.. 

A ~ a 

If a substance weighs M*,*! grammes in air, and 
in water, its 


Sp. gr. 


A4*a 54-3 
54*3- 47-8 6T) 


8*3. 


If the body floats in water, this method is use- 
less, and a weight called a sinker is attached 
to the body, wdiich is .specifically lighter than 
water, to make it sink. If A = weight of body 
in air, B » weight of sinker in air, a = w eight 
of l>ody and sinker ip >vater, b = weight of 
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sinker in winter, then the sp. gr. of the body 

i g^a-vity may be calculated 

in several other ways, but by means of an 
instrument called a liydrometer the sp. gr. 
of any liquid may l)e rapidly determined by 
noting on a graduated scale the depth to which 
the instrument sinks. With Nicholson’s Hydro- 
meter the sp. gr. of either a liquid or a solid 
may be found. 

Buoyancy of Liquids. If a man plunges 
into a river, or a stone he thrown into a 
pond, a bulk of water is displaced exactly equal 
to tlie bulk of the body which enters and is 
immersed in the water. If it be. partly im- 
mersed, as in the case of a ship, or a man floating, 
then the bulk of water displaced equals the 
bulk of the immersed portion only. That is 
(piilc obvious. Whether it h(‘ a ease of total or 
j)M.rtial immersion, two fore(‘s act on the body: 
that of gravity, which tends to make it sink 
to the bottom, and the upward force of the 
water tending to tlirust the; body upwards to 
the surface. Whether the body sliall float, or 
sink to thf^ bottom, or remain stationary at a 
certain de))th, depends on the relative inten- 
sities of those two forces. 

Over 2,(X)() years ago Archimedes stated the 
law’ governing the amount of upward pressure 
to which a body is subjected when placed in a 
liquid. Ho found that a bodjf immersed in a 
liquid is huoqed up with n jorve equal to the 
weiqht of the liquid it displares. If a ctibic foot 
of the li<|iiid weighs the same as a cubic foot of 
the solid — i.e., if their specific gravities are the 
sHm(‘— the body would remain at rest at any 
depth ; if, as in the case of lead, the solid is 
specifically heavier than the lifpiid, the w^cight of 
tlu^ solid is greater than the weight of the 
displaced liquid and will sink. And the force 
with which it w ill descend equals the difference 
between tlieir specific gravities. Thus, the 
specific gravity of lead is 1 ! ’38, so that with a 
cubic foot of water weighing 62^ Ib., and a 
cubic foot of lead weighing 709 lb., the force 
with which lead would sink is 709 - 62*5 = 
616’.> lb. In the case of a light substance such 
as cork or wood, its weight will be less than the 
weight of water displaced, and so it will be 
buoyed upward witli a force equal to the differ- 
ence between the weight of the displaced liquid 
and the solid. From this it is evident that a 
floating body such as a cork or a ship displaces 
its own weight of the w^ater it floats in. There- 
fore the weight of any floating body may bo 
easily calculated, for it equals the volume of 
water displaced, in cubic feet, multiplied by' 
(>2.J lb. Conversely the draught can be found 
if the weight and dimensions of the l>ody are 
known. 

The fact tliat a swimmer cannot sink in tho 
Dead Sea, and that coins, stones, etc., float 
easily on mercury, is easily explained , by the 
principle of Archimedes. »The sp. gr. of De^ 
Sea water is 1*2 as compared with *89 for the 
h^on body (alive). A living person would 
thus displace a quantity of water of greater 
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weight than his own body and lienee would be 
thrust upwards till he reached the surface. 
The Bp. gr. of mercury is 13 oS. A cubic foot 
of mercury weighs over 7.V cwt.. but there are 
very few solids a cubic foot of which would 
weigh so much. Therefore, wlien inunersed in 
mercury they displace a volume of the lifpiid 
of considerably greater weight than tluur i>\vn 
and BO rise. Even when boating, the. solid 
will only dis})laeo its own weight of mercury, 
and hence in many cases only the; slightest 
fraction of a solid will sink helow the surfaee. 

The Metacentre. Tiu* stability of a 
floating body depends on the position of that 
important point called the mctaccritre. In a 
ship, for examphn the position of tliis jaunt 
means all the dilTcrcncc between regaining the 
vertical, and capsizing w'hcn rolling in a rough 
Bea. The two forces whicli k(*(‘p a tloating body 
in equilibrium — (n) the dowiiw ard fore • of gravity 
and {h) the upw^ard ])ressui’e of tlie water ((ujual 
to the weight of water disjbaoed) -may be 
considered to act {n) tbrougli tb(‘ centre of 
gravity of the body, at G in 135. and n.whieli is 
the resultant of all (he iij)waid and j)arall(‘l 
pressures through the centre of gravity of the 
water displaced at lb Tiiis latter jioint is called 
the centre of huvijanci/ and tlie line joining G and 
B is the axis of flotation. Now' if a foro(‘ l)e 
applied to tlie floating body so that it heels 
over as in 136, 137, the centre of gravity of the 
water displaced will be shifted, as shown, and the 
point M whore a vertical lim* from the new'e<‘ntr(* 
of buoyancy cuts the axis is the mttwentre. 
It is imimrtant to reimunb<*r tliat the ju-essure 
of the water acds upwards in the diicetion f»f 
this lino. In 135 G and B are in tlie same 
vortical lino, and the body floats in equilibrium. 
If it bo disturbed, B will change its position 
with every change in the jiosition of the body, 
liut if, as in 136, the point wliere tlie vertical 
line from B outs the axi.s lies aliove (he centre 
of gravity, the upward tlirust. acting in the 
direction of this line, w ill tend to make tlie body 
regain its former position. It is tlum said to 
be in “stable ’ equilibrium. But should Diis 
metacentre fall hclow^ the centre of gra\ ity [1371, 
the force fading through BM will lend to make 
the body depart still more from its original 
position until it finds a new jiosition of eijui- 
librium. This, of course, means ujisetting or 
overturning, and is termed “ unstable ’ equi- 
librium. Jt may Jiajqien that tlie rt'lative 
positions of B and G an' not eliaiiged by tin* 
disturbance of a floating laKh. and that the 
line BM meets the axis of flotation a I way. s at G. 
This is so in the case of a sjihere or a eylinder 
turning on its longitudinal axis. AVe then have, 
an example of “ indifferent *' or “ neutral ’* 
equilibrium. Ships arc ballasted in order to 
bring the centre of giavity so low down that the 
inetacentre shall always be above it. 

Practical Examples. In selecting prac- 
tical examples of hydrostatie.s, far more must 
b# omitted than can be illustrated, because 
the applications of water pow er are so numerous 
important. They occur in shop.s and 
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factories, in docks and harbour.9, in warehouses 
and .stores, in small and large installations. 
They are used in many trades, and are more 
adaptable to some operations than any other 
power agency, while in some they have an absor 
Intern onopoly . VV a ter powder is silent and strong, 
silent though squeezing white-hot steel with a' 
jiressure of 8,000, 10,000, or 14,000 tons, or 
w hile opening the huge gates of docks, or pressing 
hay and fodder into bales, or lifting a trifle of 
KM) tons. It is capable, too, of the most 
jirecise and minute regulation within fractions 
of an inch, by the control of (he water supply. 
In some spheres of action it is being ousted by 
electricity, but a wide and undisputed field is still 
ictaincd by water. The principle underlying 
all this groat grpuj) of pressure machinery is 
that of difference in areas, embodied in the old 
Bramah press, and its modern equivalent [133]. 
]b\8sure is proportional to area, so that the 
element^? of design an' absolutely simple. 
The difticulties whieh arise are those of risk of 
leakage, those due to friction — which is consider- 
able — and the necessity for securing ample 
strengtli in cylinders subji'cted to pressures that 
ordinarily rangt* from 700 to 1.500 or 2,000 lb. 
ou e very square inch, or still more in some cases. 

Head of Water Unnecessary. The 
problems of head of w'ater liave been con- 
sidered in previous jiaragrajibs. But the 
maebinery in (juestion does not now utilise 
natural head in order to obtain pressure, though 
that was done in tlu' early days of flu* hydraulic 
craii's. Not until Armstrong invented the 
a<‘cumulalor did th(^ success of tlie water pressure 
system hecomo assured. This oonslst<‘d origin- 
ally of a largi‘ cast-iron cylinder fitted with a 
loaded plunger to imjiart jw'ssure to the wator. 
At once tlu; gravity pressure of some 00 lb. to 
the square ineli was ahandom'd for 600 lb. In 
an ordinary liydraiilie plant, therefore, wc hav^e 
three eleineiils— the aecuinulator for water 
storage under jiressure, tlio force pumps and 
(‘iigincs, by which the pressure is produced, and 
the working eylinder, or cylindei's and rams, 
by which jiressurc and movement are applied 
to any particular meeliarii.sm. and which occurs 
in an immense number of forms. 

'Jiie following is a V(*ry concise summary 
of hifdrostatk nu'oluinism. or, as it is commonly 
termed, hi/dravlir machinery. 

At the basis of it all lies the pump in some 
form or another. "Jiie (common lift or suction 
pump of wells and tanks plays but a small part 
Jiere, but combined with another form, the 
plunger, it i.s a valuable agent for lifting water 
from great di'pths. Few mechanisms are 
varied more than are lifting- pump valves. A 
complete study of these would require a big 
volume. Deep and shallow wells, different kinds 
of liquids, clean or dirty, hot or cold, questions’ of 
accessibility, and so on require modifications 
in valves. 

Pumps. The pumps of the hydrostatic 
group are very broadly divisible under two heads, 
the lift or suction type, and the force pump. 
The important distinction between the two is 
that the first -named depends for its action on 



MCCHANIOAL BNQINSCRINQ 


atmospheric pressure, and the second does not. 
It is usual to include these under the pneumatic 
branch of mechanisms, because the atmospheric 
pressure exercises an essential influence^ in the 
operation of the suction type. But it is more 
convenient, from the point of vic>v of practical 
applications, to dispose of them liere. 

The suction group, a!id the pressure group arc 
found in many and varied design*^. 'J'lu* rirst 
are limited to depths of water of about 24 ft., 
the second have practically no limitations. 
These, the force pump.% as th(*y arc <*all(*d. arc 
the ones that are invariably employed for jn'cs- 
sure f)urposes, since there is no limit to ])ressure 
possible, save that of the strength of the bodit's, 
and tittihgs, and valves of the })umps themselves. 

Tile air enters into the operation of all pumps, 
only in the suction pump it is far more important 
than in the others. The point in the first -named 
is that there is nothing but the atmosphere as the 
acting agent, its pressure alone forcing the water 
up through the suction pipe and h>ui‘<*l, through 
the delivery valve. 'J'hc limiting height is that 
from the delivery valve at the top of its stroke 
to the water-level in the av(‘11. 

Suction Pumps. Figs. 138— 142 are a 

selection of the essential moehanisms of various 
suction pumps. Fig. 133 is the common lift, or 
atmospheric pump in its most familiar form, with 
bucket A, having a hinged leather and metal- 
plated valve, and the elaek B, also of leather, 
hinged and weighted with metal plat(‘s. The 
elack is prevented from rising too high by the 
stop jMcco 0, as sho\^7i in 139. Jx*akage })ast the 
bucket i.s prevented by the leatlier )>aeking D. 
Fig. 140 is a form le.^s liable to got out of order 
than the one with leather fittings, besides being 
suitable for liquids that wotild destroy leatlier. 
The bucket-valve A, and th(‘ elack-valv(‘ B, are 
of the mushroom form — direct lifting. Both are 
prevented from lifting t )0 high, A by the andi of 
the bucket, and B by the perforated plate Jf 
one of these valves opiuis to a h<*ight (‘cjiial to 
one-fourth of its diameter, it will jiass all thi* 
water of which it is capable. 

Adcsign often pr(?f(rrivd is tliat u ith hall valves 
1141], tl le advantage of these is that they uill 
not only lift, but rotatt^ slightly and constantly 
on their sea tings, so eijualising wear, Sume- 
times the mushroom valves in 140 are made with 
their wings disposed spirally, to eausi' them to 
turn slightly on their seatings at eaeli lift. J'he 
height of lift of the ball valves [141] is slight, and 
Cf^ch valve is enclosed in a cage uith open sides, 
through which the liquid escajies. The example 
shown is one by Hayward, Tyler A: (/u., fi.r 
tleep wells. 

The theoretical height of 34 feet can never be 
reached, due to leakages past the valves, and 
these may be so great in jnimps having badly 
packed valves, or dried leather valves, as to 
prevent any lift of water until the leakage has 
been overcome by “ feUrhing ” the pump with 
watw. The atmosphere at the commencement 
of pumping occupies the suction pipe. On lifting 
the bucket, the air expands, with loss of pressure, 
and thetextemal air forces Abater up to occupy a 


portion of the vacuum. Wlien the bucket has 
))een lifted and depressed a few times, no free air 
is left, and the pump lifts solid water. 

Air-purnps are also suction pumps. They 
draw the condensed steam and vapour mingled, 
with air from the surface condensers of steam- 
engines. They are a group by themselves, having 
little resemblance to the jiumps just noticed, 
though based on the same principles. Like 
these, too, though atmospheric pumps, they lift 
water charged with air when in full operation. 

The fii-st thing one notices about the action of 
tlie suction pump is that it discharges water only 
on the lifting stroke, or intermittently. This is 
ohjeetionahle for feeding purposes, and hence 
we have the treble-barrel arrangement. In this, 
three punqis are set side by side, each complete 
in itself, hut di*iv(*n from a common crank 
shaft, the cranks of uhieh stand at 12(F apart. 
Practically, a (‘ontinuous delivery is thus 
obtained. Jn .such })umps, the handle is dis- 
carded for a belt, or engine drive. .Except for 
agricultural and domestic purposes, the lever 
handle is S(‘ldom used for jiumps, but some form 
of powi‘r drive is applied. 

Another way in which a practically continuous 
siream is obtained is in the double-action pump 
[142]. Here, tlic rod A of the lower bucket 
passes through the rod B of the upper one, and 
both ar(‘ crank driven in such a way that the 
buckets move in opposite directions, one lifting 
while the other is forcing, a partial vacuum being 
formed lM‘tueen Die biujkets. The bottom 
bucket takes the place of the fixed valve in the 
previous figures. 

Force Pumps. In thcsi‘, a solid plunger 
or ram is substituted for the bucket with a valve, 
or valves, and the delivery valve is in a portion 
of the pumj) body away from the ram. The ram, 
therefore — a solid piston —alternaliily creates a 
vacuum into whicli the Avatcr fiows through the 
suction valve, and then forces it through the 
delivery vaU'c. Water can be raised through 
gi'cai Ju‘ights lluis, oi* what is equivalent, against 
great prcssint*s, as M hen used for pumping into 
steam boilers. Also, the ram being independent 
of the valves, it may occupy cither vertical, 
horizontal, or angular positions. This pump is 
also intermittent in action, delivering its water 
in a series of impulses, unless rnountc'd in threi'- 
throw style, or fitted with an air vessel. 

Plunger and Bucket Pump. 'J’liere 
is anotherway of obtaining a continuous supply — 
namely, by the combination of a ram plunger 
with a bucket. Here, a bucket A, with valve, 
lifts the water, but on the down stroke the ram 
B displa(;es a volume of wato equal to its own, 
and sends it out through the delivery valve C. 
Water being, therefore, discharged during both 
strokes, the suppl}^ is continuous. 

Double-acting Pumps. .Though the fore- 
going pumps may be made to yield a con- 
tinuous supply, yet they all suck water on one 
.stroke and discharge it on the next, and are, 
therefore, nominally single-acting. Wlicn good 
duty is required, such designs are .too wasteful, 
and then pumps that suck and discharge on each 
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stroke are desifiiied, hence termed double-acting, 
or duplex pumps. There are a good many of 
these. The two best-known forms are that in 
which a siiigh? ])iston operates two sets of suction 
and discharge vahes arianged at o])positc ends 
of a common chamber, and the Worthington 
type. Jn this, two pump ehainbers and engine 
cylinders aie arranged side by side. The st('am 
piston and pump pistems are at opposite ends of 
their rods, and the slide valves are operated i)y 
the piston of thi' fellow-engiru*. 'J’he pumps 
draw from a common suction ])i)>e, but each 
<‘hamber has its own .siu tion and delivery valv(‘s. 
An air vessel is common to both. 

The Test Pump, or Hydraulic 
Force Pump. This is a ram pump (1441 
indicated in connection witli tlie press 1 133|. 
in which the water, practically incompressible 
in itself, is forced by a single-acting solid piston 
through valves and passages against tlio resist- 
anci? of the work to he don(\ Tlie latter may he 
anything, hut is t‘ss('utially a mass resistance. 
It Avill l)e observed that the \alv<‘s hear but a 
small proj>ortiou to the nmss of metal in tin* 
body of the pump, Avhieh is usually speeili(*d 
to be strong enough to n'sist a pressure of 
2,000 11)., or more in soim* eases, to the 
H(piaro inch. Ttie body is of gun-metal, as 
arc also the suetioji and delivery valv(‘S A 
and 11. The I’am is acttiated by the Icatt H 
fl33|, and the Avater Hows out through the 
passage indicated by the* arrow. D is a ndief 
valve for releasing the pressure by the h'ver 
sc4'n above, the pn'ssure water flowing away 
through K. The peutbrated rose, F, prevents 
any solid particles getting into tlio valves. 
The relation of this to the (‘oinmon force pnnip, 
OIK* form of Khieh is shown in 145, Avill be 
obvious, 'riie ram and valves are there, but 
the proportions are different, the pump 1.145| 
being suitable for f)ressures of from about 
()() to 100 lb. 

Air Vessel. Tlie air vessel mentioned 
just noAv is not used on ti‘st pumps like 144, 
because the volume of Avater pumped is rx- 
treruely small, and has not to traverse far. In 
other Avords, there is no ehanee for the water 
to become saturated Avith air. Hut for long 
deliveries and for moderate })ressures the air 
vessel is essential. One form is seen in 146. It 
is made Avith a spherical end to ensure strength. 
Sonietinii's water Avill find its Avay through the 
pores of inh'i’ior ({ualitios of iron. This vessel 
(146) is a chamber of large dimensions, fitted 
soinoAvhere on the delivery side. It contains 
air, which, being elastic and eompressible. 
becomes a cushion to the Avater that rises a 
little Avay into its neck during the delivery 
stroke. When the baokAA'ard non-delivery 
movement fakes place, the air, thus com- 
pressed, forc(*s doAvn the Avater that had 
invaded the chamber, sending it along after 
the rest, so that a practically continuous stream 
results. 

Simple examples of the utilities of the test 
pump [ 144 ] are the testing of steam boilers, 
and steam and Avater pipi s, or the lifting of a 
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baling press. The resistance is that of the 
metal in the first, or of the material to be com- 
pressed in the last. As the water will not yield, 
the tug-of-war lies between the strength of the 
pump on one side and that of the boiler, or pipe, 
or press on the other. Then there is the utility 
of the pumj) for charging accumulators. As 
there comes a time Avhen something Avould have 
to yield, the pressures are recorded on a dial 
gauges and the; pumps are fitted with relief 
valv(‘s. An advantage* of these pumps is that 
the pressure may re'tnain on for several 
hour.s, Avhich is often a severe trial of strength 
of a boiler. These pumps occur in .many 
feirnis. some being eiyxu’ated by hand levers, 
others dire'etly eonneeted to steam engines or 
electric motors. 

The Accumulator. As pumps are 
too slow in operation for rapid Avork, the accumu- 
lator 1 147 1 is fitted where rapid action is required. 
For example, imagine hoAV hIoav Avoiild bo the 
movement of a hydraulic lift at a railway 
station if it were actuated directly by a pump; 
and the moAamient.s of a crane, also, or of a 
stec‘l ingot press, or of a Hanging press. In 
such cases the pumps fill the aeciimulator 
until it. is charged Avitli many gallons of water 
undi*!* a pressure of from 700 to 1,500 lb. per 
s(|uare inch, the latter being (‘qual to 100 
atmosphens. On opening communication be- 
tAveen the aeeumulalor and the lift, or crane, or 
])ress, the pressure-water AAorks it at a speed 
capable of regulation. TIk^ pressure or resist- 
ance of the a(‘eumulator is obtained by loading 
its easing with wi'ights to the 700 or 1,500 lb. 
required per square inch. 

In 147 the parts are jib folloAA s: The pressiire- 
Avater entering at A raises the ram II in the 
cylinder C. standing on the base H. Tlie cros.s- 
licad T) attached to H, rising with it, receives 
rod K, on Avhich is hung a plate, F, carrying 
a numlier of circular weights, (i. The water 
being ])umpcd, therefore, has to OAWcome the 
resistance of these Aveights, Avhicli, when raised, 
iM'Como the sourci! of stored-up energy for doing 
work by their descent . lUie Avater passes to the 
machine, being operated through a tube (not 
sbown) similar to A. The weights arc made 
removalile to permit of regulating the pressure 
according to the number used at any time. 
For convenience, it is arranged that each weight 
makes a ditferenco of 100 lb. in the pressure. 
In the older accumulators, and in many at 
present, a casing of sheet metal (the Aveight- 
easc) is used instead of F, and loose stone or 
iron is loaded in. The advantage of this is 
that the expense and trouble of transporting 
weights is avoided, since any rubble may bo 
usctl on the spot. The cast weights already 
mentioned provide a convenient means of 
regulating the pressure AAfith precision, as 
stated. 

Wc have now to note some of the common 
applications of the hydrostatic press and 
accumulator to manufactures and industries, 
which will occupy the next article of this 
course. 


Continued 
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INSCRIBED AND CIRCUMSCRIB- 
ING FIGURES 

284. Anon a C^ivkn Tjuan(!LK A ! IL \ to 
Oescribk ano'iiief< Tkian(jle similar to a 
( ijvKN Trmmo.e J)EF. Oil yl/> construct a 
triangle similar to tlic triangle HFF. Through 
V draw a line parallel to A//, and produee (iA, 
and OB to meet it. Tiien OIIJ is the triaiigli' 
required. 

285. AnoiT'i \ ({ive\ SgrARE A BCD , to 

Desorihe a Trianole simii.au 'lo A Otvrn 
Tktanole EF(J. On AD construct a triangle 
similar to Produee the sides to meet 

B(\ produced as shown. 

286. Within a (Jivex Trianole ABC, to 

Inscribe anofiier Tiuanole similar 'io a 
( liVEN Trlvnole 1)FF. On AB lonstrucl 
a triangle similar to DFF. Draw From 

JI draw I/J and II K jianillel to OB and OA 
r(*spectivoly. Join JK. Tmm II, J K is the 
riMjuircd triangle. 

287. To Insi'ribe an Fgi'ir.XTERAL Trtanclk 
IN a (hvEN Sgu ARE . I lU '/). DraAv tlie diagonal 
AC. On AC construct an equilateral triangle 
ACE. From D druAv DF and DO parallel to 
KA and E(- respeotividy. Join F and O. 

' 288. To 1 ns("ribe a SguARE ix a Oivex 
Trianole ABC. Draw d/> perpendicular to 
BC. From A draav .1 E parallel to ( 'B and equal 
to AD. Draw FA\ J''rom F draw FO and 
/7/ parallel to BC and AD resp(‘cti\ely. From 
O draw OJ parallel to AD. Tium FirJIl is the 
ri‘(iuii'ed square. 

289. To Jn.si’ribe a Sotlare in a Trapezitm 
ABi'D, Draw the diagonals dC and BD. 
DraAV AK parallel to BD and equal to 
Draw BE. From F ilraAv FG and FH parallel 
to BD and A(' respect iviJy. From O draw 
OJ parallel to .1C and join .III. 

290. To Ix.SCRIBK A Sgi ARK TX A (JlVEX 
Sector ABC. Join B and C. Diuav (A) jier- 
pcndicular and eipial to BC. DraAv AD, and 
from E draw EO and EF parallel to CB and 
DC respectively. J)raw Oil and FI! para! lid 
to EF and EO. 

291. To iNSCRlRE A SgiTARE IX A SkoAIENT 
ABC. Bisect the idiord AB of the segment in 
tf. Draw BD equal and perpendicular to AB. 
Draw JI) and ju’oduce it to cut the arc in E. 
From E draAV EF and EO jiarallel to DB and 
BA respectively. DraAv Oil jiarallel to EF. 
Join FH. Then GfiFE is the required square. 

292. Within a Given (hRCLK.To Jnj^crihe a 
Triangle similar to a Given Triangle AB(K 
At any point D in the circumference of the 
given circle draw a tangent EF. INlake the 
angle EDO equal to the angle CAB and the 
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angle FDII equal to the angle ABC. Join 
OIL Then DUO is the required triangle. 
IKue. IV. 2.] 

293. Aroe'i a Given Circle, to Describe a 
Triangle similar to a Given Triangle ABC, 
IToduee the base Bf' of the given triangle. 
Find the centre E of the given circle, draw any 
radius JXL and jiroduee it. (Construct the 
angle FLC equal to tlie exterior angle ACD, 
and the angli^ HLO eipial to the exterior angle 
ABE. J'roduee JjH, LF, and draiv tangents 
as shoAvn. [Fne. IV. 3. | 

294. To Describe a SgcARE Anoicr a Given 
f.so.scELEs TkiaN(;le ABC. Bisect the base 
BC of the given triangle by thi^ line AD. On 
BC (h^serihe a siunieirele. Tiien AD will be a 
diagonal of the rofjuircd square. Draw DC 
and DB of indidinite length, and from A draAv 
liarallels to meet them. 

295. Ix A Givex Hexagon ABODE F, to 
I x.scHrBE AN Isosceles Triangle, ihe Base 
IIJ BEING Given. DruAV the diagonal AD of 
the given liexagon. Draw f - A’ at right angles 
to AD. Set olt PjK equal to IIJ. Draw AV> 
parallel to ED. and XJ/ jiaralkd lo CE. Draw 
AL and AM. 

296. Within a Given Girc le, to Inscribe 
AN Isosceles Triangle, hie Bask AB being 
Given. Draw two diameters of the given 
cirole CD and EF at right angles to e;\eh other. 
Make OH equal to half the given base AB. 
Draw IIJ parallel to CD. and JK parallel to 
EF. Draw CJ and CK. A similar method may 
he n.sed for iiLserihing an isosceles triangle in a 
sijiiaro, rhombus, or polygon. 

297. Wmrrx a (Iivex Square ABCD, to 
Inscribe another Square, one Angle to 
Toui h a Sihe at a Given Point E. Draw the 
diagonals of the giviui square. With centre F 
and radius FE describe a circle. Join the points 
F. a. If. j. 

298. To In.si’ribe a Rhombus in a Given 
Pxhallelogram ABCD. having One op ns 
Angles at a (^Iiven Point E. Draw the diag- 
onals of the jiarallelogram. From E draw EF 
passing through the eeritre G of the parallelo- 
gram. Through 0 draw HJ at right ancles to 
EF. Drau EJ, JF. FH. and HE. 

2^. To Inscribe a Square in a Rhombus 
ABCD. DraM^ the diagonals, and bisect the 
angles thus foimod. Join A, F, O, and //. 

300. To Inscribe a Square in a Hexagon. 
Draw the diagonal AB. and bisect it at right 
angles by the diameter CD. Proceed as in 
299. 

301. To Inscribe a Regular Hexagon in 
AN Equil-meral Triangle ABO. Bisect each 
of the angles of the given triangle by the lines 
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DRAWINQ 

AEf and CD. With coiilre G and radius 
OA duscrihn a cirole. Draw DE, Eh\ and 
FD. Then IIJKLMX is the hexagon rciiuircd. 

302. Wrnirx a (Jiven Triaxoee AE(\ to 
CNsc'inuE A Re(tan(;m% the Lenoth of One 
Side, J)E, hetnc (iivEX. Set off EF equal to 
DE. Draw FG ])arall(‘l to EA. From G draw 
GH parallel to CE. Draw HJ and (rK perpen- 
dicular to E(\ 

303. Jn a OlVEN SqOAKE .1 7>, TO iNsruiBE 

AX Isosceles Thian(jle, t;ie Hase EF beix(; 
(Rven. Draw the diagonals AC and ED of the 
given square, and on CA sel otf CG equal to tlie 
given l)as(* EF. Draw (G! parallel to (Ai and 
//./ parallel to G(\ Draw Dll and DJ. 

304. Within any (hvKN (Jicadiulateral 
AECD, TO Insciube a Fakallei.ooram, iiwlnt; 
GrvEN THE Position, A’, of one Ancle. Draw 
the diagonals A(.\ ED. Draw EF parallel to 
AC\ EH and FG parallel to ED. *10111 G and 
//. Then EFG/l will he the required parallelo- 
gram. 

305. Within any Diven QiiAURiLATERAii 
AE(G), TO Inscribe a Parali.elooram, havinc 
( llVEN EF, THE LeNOTIT OF ONE SiDE. DiaW 
the diagonals .It’, ED. On om* of them set 
olf EG equal to EF. Prom G draw GIl parallel 
to E('. Draw //./ paralh'l to DE, II K and JL 
parallel to CA. tioin KL. 'Phe same nu^thod 
may he used for inscribing a rectangle in a 
square, rhombus, or trapezoid. 

306. WlTIUN A OlVEN TrI ancle ABC OR 
ANY Recclar Poi-ycon, to Insc ribe another 

SIMILAR FicCHE, IIAVINC ITS SlDES PARALLEL 
TO AND EoFIDISTANT FROM THOSE OF THE 
(ilVEN FlOIfRE, THE LeXCTH OF ONE SiDE, 
DE, REiNc (iiVKN. Biscct the angles and 
obtain the e('ntre F. vSet off EG ecpial to DE. 
Draw Gll parallel to EF, II K parallel to (’. 1 . 
HL parallel to GB, and join K and L. Then 
II LK is the required triangle. 

307. About a (Jivex 'Pri ancle or any 
Kecitlar Poly(;on (say a Hexacon AECDEF), 
TO Describe another similar Ficcre, hav- 
INC ITS Sides Parai.lel to and Kouidtstant 
FROM THOSE OF THE (ilVEN FhJURE, THE LkN(;TIL 

Gll, OF One Side beino (Jiyen. Find the 
centre as before, and produce the lines bisecting 
the angles. Produce CD, and set off CK equal 
to GU. 'Phrough K draw LM paralh*! to DE, 
and the otluM- sides parallel to the rc'^ipeetivc? 
sides of the given hexagon, as shown. 

OBJECT DRAWING 

Skeleton Cube. To many students the 
skeleton cube se(*m.s to he a very difficult olijeet 
to draw eorreetly, and perhaps it is so, especially 
when it is in positions similar to that shown 
in 310 ; Imt most, if not all, the difficulties will 
be overcome, if siiftioient care is given to the 
preliminary but thorough n,na lysis and observa- 
tion of the modid, before drawing a single 
line. For example, it will he seen that the 
edges may be dividi'd into three sets— viz., first, 
a vertical set, secondly, all those vanishing to 
the right, and thirdly, those receding to the 
left, m in 308. In 309 there are vertical and 
liorizontal sots, with a third set receding straight 
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away in front from the spectator. In 310 will 
be seen a set vanishing upwards to the right, 
another iqiwards to the left, and a third set 
downwards to the right. The above examina- 
tion of the object ought to enable the student 
to make no ('rrors in the direction and apparent 
eonviTgeiice of reei^ding parallel edges. Begin 
by drawing the appearance of the object as if 
il* were a solid vuhe, as sliown in small sketches 
in 309, being very careful fo k(*ep the true 
relatives apparent proportions between the 
diffen'fit faee.s. Next, having noticed the 
proportion of the apparent thickness of the 
bars, sketch the vmtieal lines AB, CD, EF, 
and GIJ, which repr(‘sent the bars of the vertical 
visible faeces and then tlu* lines AC, ED, EG, 
and FII, tor the reei*ding edges of the same 
face.s. ’flu' top surface is tlieii eas.ily obtained 
by producing the vertical edges 7^.1, DC, FE, 
and IIG, to the top front receding edges JK 
and JL, and from the j)()ints M, N, O, and P, 
draw' lines convm-ging right and left with JK 
and J L in 308. The next sti'p is an important 
one, and that is drawing aeenrately the position 
of the edges QE, IIS mid DT, which sliould all 
intersect at one, point V . If they do not do so, 
then the student may be certain that he has 
made a mistake pn'viously in the convergence 
of the other cflges, or the proportion of the faces, 
'fhe rest of th(‘ drawing should be found very 
simple, es])eeially if the student will notice the 
connection between tlu* various edges as shown 
by dotted lines. In 309 Avill be siu'n an instance 
of very much fon ‘shortening of the thickness 
of the inner surfaces of tlie bars ; this will need 
sp(‘eial care. We must not forget that the edges 
AE and CD should appear to converge to the 
saiiK* point as tlu* edg(‘s w hi(‘h veoi^de at the top. 
’riie observer is supposed to bo opposite the 
front vertical face of the enhe, >vhieh is below' 
the eye level. When the cube is tilted, as 
shown in 310, we have a somewhat more difficult 
view' to draw’, but rnetliod and keen observation 
will ovi*reome the diffienlties. Start by fixing 
the position of tlu* neari'st corner A, tlicn the 
direction of the three lines radiating from it. 
Each of these lines belongs to a different set, 
and all others depend upon them for i!orreetness 
in every respect, therefore great care should 
be given to deciding their apparent direction 
and length. The rest of the drawing is then 
as <*a.sy as in 308, for the student has only to 
obey the rule of apparent convergence of 
receding parallel edge.s. and observe their 
relativi^ proportions. 

Vases. The vases chosen for models in this 
<u)urse are those to he found in all art schools, 
but other vases will do just as w'ell for examples 
to study. Fig, 311 is a view of the vase known 
jxa the white bottle, 312 as the terra-cotta vase, 
and 313 as the red glazed one, all standing, 
of course, in a vertical position. 

Beautiful Form of the Vases The 
student should observe the great beauty of 
these vases, which is show n in the harmonious 
proportions between the various parfs, and the 
subtle but charming and beautiful curves of the 
contour lines, etc. When the student perceives 
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the beautiful form of those objects ho will not 
be likely to make a wrong and ugly drawing of 
thorn, as is too often done by unobservant, 
inapproeiative, and careless Ixjginners. 

Method of Drawing Vases. Wlien 
the vases are symmetrical in form and standing 
in a vertical ])osition, as in 311-313, b(‘gin 
by sketching tlie upright axis AH of the vase ; 
then determine the greatest width, l)oth as 
regards position and proportion, and draw the 
lino CD to represent tlann, noticing carefully 
that it at ritjht ari'jlfs to the axis A H of 

the ohjeet. NVxl draw th(‘ major axes of the 
various ellipses, such as Eh\ (UD etc., again 
observing tJiat th(^ axes ar(‘ always jKU’pen- 
dieular to AH, and then tix th<‘ position of the 
narrowest part of the neck, such as J,M. Now 
proceed to skcdcli the main contour linos and 
the curves for the ellipses, .all the time endeavour- 
ing to realise the bea\itiful form of the vase, which 
sometimes re(|iiircs the line to curve slowly and 
at others more (piickly. Gnait attention shouM 
bo given to tlie rims, bases, and mouldings, if any. 
observing the apparently greater widtli of tlic 
rim at the ends of the major axis, as in 312. 
Nofflee the apparent connection (shown by dotted 
curved lines in 311) bctwccui the neck and the 
base; the vUiptival form of the body in 311 ; 
the mnl form of that in 312, and the circular 
or globular shape in 313. Do not make the very 
common error of drawing a horizontal straight 
line for the bases, for as these are ro.ally circular 
in sha})e and b<‘low llu* ('ye k'vcl, th<^y must 
appear as parts of ellipses. The base can app(‘ar 
us a straight line, only when it is exactlj’^ level 
with the eye, and, if lying in an oblicpie position, 
when the plane of the base would pass directly 
through the ohserver s eyes. 

Oblique Positions of Vases, Those 
positions often cause great trouble to beginners, 
but v<u*y little slK)\ild be expcTioneed if the 
student will first of all draw the correct direction 
and length of the axis .1 H of the vase; and observe 
that the greatest width, the narrowt'st part of 
the neck, and tlie major axes of the ellipse's arc 
alunya at right angles to the axis A H of the object. 
The student should ])liice the vases in such 
positions as shown in 314- 319, and verify the 
above Laws. In these obli(pie positions of the 
vases, peculiar a piK'aran CCS of tlu’ rims, interiors, 
and bases will be noticed, and muoh careful 
observation will be n(*eessarv for tlie mind to ])er- 
ceive them. All the R'])resentations in 314-319 
are thewe of the vases lying down on a horizontal 
plane, sometimes with the mouth, at others 
the base, towards the sp<*clator. Figs. 316 and 
S 18 are obspecial interest, for they are s])lendid 
views for finding out whetlier the student 
will draw what he .srr a\ instead of what lie knows. 
As stated before, tin* viises are lying on a hori- 
zotUal plane, with the axis of the objects really 
Wanting dowiiM.ards away from the observer, 
yet this axis in each view shown in 315 and 318 
appsavs horizontal ; hut it must be remembered 
that this is only so when the vase is turned 
particular angle, for it is (piite possible 

ha|p the axi.4 of the object - when its base 
r. toWoi’ds the oli'aervor—apparently slanting 


downwards or upwards, and the student should 
make experiments with the vases in various 
positions. 

General Observations. The student has 
now h.ad all the main ju’ineiplcs of object 
drawing explained to him, and the more practice 
lie gets, the more he will find how often these 
principles are i‘mpk)yed and what sure guides 
they are to the corri'ct drawing of any object 
he may wish to represent. But ho should not 
stop hero, for there is still much to be done, and 
of muoh more interest, when light and ^<hado 
and colour are involved. Yet tone and colour 
will not hidt' bad drawing —rather, they will 
emphasise it ; therefore, it is most necessary 
to learn to tlra'w correctly, wliieh can only be 
aeeomplislu'd by continual .and regnl.ar praetieo. 
The sludent sliould carry a skidchbook and dr.aw 
in it .as often as he possibly can any object of 
interest tliat presents itself. If he cannot join 
an art school lie sliould obtain criticisms .and 
advice on Jiis AMirk frf»m srime friend who can 
draw, and should not be discouraged because his 
work may perhaps bo adversely criticised, 
but, rather, lu' should hi* sjairi't'd on to do much 
lietti'i* work. 

MEMORY DRAWING 

This is, without doubt, one of the most im^ 
portunt branelu''; of draw ing, and should bi^ culti- 
vated as (‘ally as possible. It is a powerful 
stimulus to tlie imagination, beskh's being a 
UK'aiis of cultivating eontidimei^ and self-r(‘lianee 
in tlu' studcMit. It has bo(‘n said : “ A visual 

image is th(‘ most jicrfect form of menial 
ri'presentation wluuevi'r the shapiss, positions, 
and relations of objects in space arc con- 
('(‘rned. It is important in every handicraft. 
The best workmen are those who visualise the 
whole of what they an* going to do before 
tlu'v take a tool in tluMr hands. ’ 

Method of Procedure. To make 
true progri‘ss in this subject, as in ail others, 
uu'thod is rcquiird. 'Flic student shonlil 
lu'gin by placing at a eonveniimt distance and 
level sonu‘ simple rectangular ohjcM't, such as 
a box, book, stool, table or (‘ither of the recti - 
limad geometrical models used in object drawing, 
and make a most careful observation eoneeniing 
their ajiparent geiu'ral ])roportion and direction 
of receding edges, and not forget the important 
rule : “ Draw w hat you sec and not what you 
know.” It is ino.st essential that these main 
facts should bo observed correctly and then the 
details Avill give little trouble. Tlmse observa- 
tions may be timsbed iu three or four minutes 
Having marked tlu' p<3«ition of the object, so 
that it may be again placed in exactly the same 
position, rcinovt* the object from sight, and then 
make a fair-sized drawing of it from memc^’y 
Now rejdaet* the ohjeet in its former positiim 
and oompaiv the drawing with it. The same 
procedure may b(^ adopted with regard to 
curved and more diffioult objects, such as a 
cup and saucer, a silk hat, etc. The student 
should practise regularly, and eventually ho 
m\\ be able to draw with ease from memory . 
flowers, plants, and even animals. 

Continued 
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Bills of Exchange. Transaction (i), vSep- 
t ember 22nd. Drew on J. Wake for 

£20 10s. 6d., at three months' date, in 
settlement of account to lOtli Septeinl)er. 

Strictly speaking, this is not a transaction, 
becatiee there are not yet two parties to it. It 
has, however, lK‘cn placed here as a convenient 
peg on which to Jiang a few remarks about bills 
of exchange, in order tJiat we may the belter 
understand transaction (a). 

Paraphrasing (?), we might say lhat \ip to 
September 19tb, J. Wake owed Bevan & Kirk 
£20 10s. ()d. For reasons not given. Bevan & 
Kirk desire to ol)iain writtiui acknowk‘dgnuint 
of th^i debt in a peculiar form called a bill of 
exchange. They therefore “ draw ' on Wake 
for the amount ; that is to say. they send him a 
written demand couched in the follow ing terms : 


kingdom, and to law’^ stationers and others 
for sale to the jiublie. 

There is, however, an exception to these 
stamp duties in the ease of certain bills. Any 
bill of excliaiigis no matter how large its amount, 
which is either payable on demand, or at sight, 
or on presentation, or within three days after 
date or sigjit. is allowed to escape w itii a nominal 
stamp-tax of one jienny. That is why eluMpies, 
which, legally, arc nothing elsi' but bills of 
exchange drawn on a banker, payable on 
demand, are allowed to issue bearing penny 
llevenue stamps only. Kot very king ago a 
Chancellor of the Kxcheipier tried hard to 
increase tho tax on cheques to twopence for 
c'ach cheque drawn, but business men and 
bankers manifested such determined opposition 
to the proposal that it was Avillulrawn. 


fso./o.t, jt<rry^o-n,_ dcfUr- 2 
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The aliove doe inient is written on stamped 
paper. The cost of the stamp varies with the 
amount of the bill, as follows : 



Not over £5. . . 

...Id, 

Over £5 

„ ,, £10... 

...2d. 

„ £10 

„ ,. £25... 

. ..:m. 

t. 

„ £50. . . 

, ..(Id. 

m) 

,* £ < o , . . 

...Od 

£7!i 

„ ., £100... 

. ..Is 


f, £100 One shilling per cent., and an 
extra shilling for any odd amount, 
thus a bill for £542 would carry a 
six-.shilling stamp. 

The foregoing stamps arc not adhesivf», as postage 
stamps are, but are impressed liefonliand on 
the paper on which bills and promissory notes 
are to be written. The work of stamping the 
paper is performed by the staff of the Inland 
Kevenue Department, and stocks of bill paper, 
bearing stamps of various denominations, are 
issued to different post-offices throughout the 
U 


Advantages of Bills. We are not told 
why B(‘vnn & Kirk dnwv on Mr. Wake for the 
amount of this debt, but if we consider three 
of the reasons for creating liiHs of exchange, wo 
may perhaps lind that all tluec would apidy in 
this instance : 

1. A bill of exchange is a ni'gotiablo instru- 
ment. 

2. It lixes bevond dispntt^ tlio amount of the 
debt. 

:i. If di.shonoured, it confers upon tho holder a 
right of action, based upon the instrument itself. 

The legal doetrine of negotiability has a far- 
reaching inrtucnce in commerce. For it.s fuller 
treatment the student is rehn-red to tho section 
on (Commercial I^aw [see L.wv], but its practical 
effect will be noted in transaction (a) to follow. 

With regarfl to the second and third points, 
the law’ presumes, until the contrary is proved, 
that all bills of e.xchange are given for value 
received, whether the phrase “ \alue received ’* 
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% ptjesent or not. In other wordwr a bill of 
exchange presupposes an .existing debt on which 
;the hill is founded. In the ease before us, the 
pre-existing debt was one of £20 10s. 6d. due by 
J. Wake to Bo van & Kirk. 

Spurious and Dishonoured Bills. 
Sometimes false or spurious bills, which are 
not founded on a prior debt, <;rcated. TliCwse 
are known as Htrs^ or accommodation hills. 
hVcqucntlv there is nothing whatev(*r to dis- 
tinguish them from genuine bills, an<l it is there- 
fore an esscniial rule of law to put all bills upon 
an equal footing. Moreover, in the a)}.scnee of 
any unusnal ciroumstance, the law do(‘s not 
regard the question wliether nde{jual(‘ c(>nsidera- 
finn has or has not l)een giver* for a particular 
hill. For example : if W'ake “ accepted ’ the 
bill drawn on him by Tk'van Sc Kirk -that is, 
if by signing his nanu* across tin* face of the bill 
be promised to ])ay it at the duo date, he could 
not afUTwards refuse to pay it on tin* ])lea that 
ho bad since discovered moth in some of the 
articles he had bought, from Be van Sc Kirk, 
'riierefore, we may say that a bill of exchange 
fixes beyond dispute the amount f)f the debt. 
Again, if, having accept (*d the hill, VV^ake dis- 
honoured it by non-paym<‘nt of tlie amount when 
it was due, the'holder (not necos.sarily Be van Sc. 
Kirk) could sue on the bill alone for the full 
amount, plus the law costs. ^'110 law requii’cs 
no further evidence* of indchtodness than is 
supplied by the bill itself, aiul thus there wordd 
Ire no need to go to tin* trouble of proving 
delivery of the goods or their sound condition at 
the time when Wake’s order was executed. 

The Parties to a Bill. While there 
are throe piirtic^s to a foreign bill, there are 
generally only two original parties to an inland 
bill — to one, that is to say, which is both drawn 
and payable within ilu* British Isles. In Wake's 
bill, the two }>artu*s are ap{»ar(*ntly Be van & 
Kirk, drawer, and ,1. Wake, drawee. But up to 
now wo have no right to np))ly the term “ party” 
to J. Wako. except in the sense of Ids being a 
passive or an involuntary parly, ('onsecpient ly, 
it is not until ho hoconios an active, or a con- 
senting party, by nec'opting the bill drawn upon 
him. that we have a real transaction capable of 
I)eing expressed in terms of double-entry. 
Accordingly no entiy of (?) can 1)0 made in the 
book.s of account, although a copy of the letter 
w^hieh was sent to J, Wake covering the draft for 
ncceptanec, wdll be found in the eounting-hous« 
letter book. 

Wc pass on to the next : 

Transaction (;), Sept. 23rd. Faid salari(*s 
and wages ns ])er .salary book, £11 Os. Od. 

In a former paragraph it was stat<*d that most 
of the staff of Bevan & Kirk were paid weekly. 
"Fhe junior partner personally atteruls to this 
matter. Every week he makes out, in a private 
memorandum book, a list of the w eekly employes, 
placing opposite each name the amount due as 
salary or wages. The total l)eing ascertainwl, 
the exact sum is draw n from petty cash and dis- 
tributed by the junior partner. The memo- 
mjidnm book spoken of has l)een noticed under 
the name of salary 1>ook in our list of supple- 


mentary records. To assist those of an inaulring 
turn of mind in stifling their natural curiosity, 
the junior partner keeps this book locked up in 
his desk, and the weekly totals merely are 
enterofl as pajmierits in the petty cash book 

Distinction Between Salaries and 
Wages. There is a technical difference in 
meaning betw’een the terms “ salaries ” and 
‘‘ wage.s " which nu*rits a brief consideration. 
l.#«H us siipposi^ that the wc'ekly total of £11 9s. Od. 
for salaries and w’ag^\s is made up as follows : 

S.M.AKIFS. 


2 town travellers 

. 6 

0 

0 

Stockkeeper 

1 

1 

0 

Junior c](*rk 


17 

6 

2 boys 

. 1 

1 

0 

Wa(jks. 

8' 

19 

b 

3 girls 

2 

0 


1'otfll 

. £ir 

■ !)' 

0 


The broad distinction to lx? observed here is 
that /rt/f/f'y relate to e.xpenses of production (or 
buying), and sahirics to ex]>enses of distribution 
(or .selling). Wag(‘s are exf)ende(l either in 
manufacturing goods or in making them mor- 
ehanlabh*. 'I'hns, the girls employed by Bevan 
& Kirk are engaged in as.sorting, under special 
.celling or “ call ” numbers, all goods received, 
repacking them in smaller quantities suitable for 
Bevan ^ Kirk's class of busine.*»s, and .so on. 
3'heir w ag(*s. tbereforo. arc reckoned as addition 
to the cost of the pureliases. The other weekly 
wages, whether “ productive,” as in the case of 
the town travi‘11ers, or “ non productive,” as in 
the (!ase of the junior clerk, are styled salaries, 
and treated as part of the fixed oi‘ establishment 
exp(*n.sos of the firm. 

Transaction (k)^ Sept. 23rd. Paid Bice & 
Sons chequ(\ value £49 4s. .3(1, in settle- 
ment of their account, £.^0 9s. (Jd., less 
2.t Vo discount. 

This transaction is the converse of (h), in which 
Bevan Sc Kirk rece. ivF.fi cash and .nllow'ed discount, 
whereas here Bevan Sc. Kirk jxiij cash and obtain 
discount. Since the firm avail themselves (if 
discount terras as often as possible, it will be 
convenient to have a column ruled on the right- 
hand side of the cash book on purpose to a(*com- 
modate items of discount obtained. Each item 
is entered in a line with the cash item to which 
it relates. Thus. Bevan &. Kirk paid awav 
£40 4s. 3d to Rice & »Sons in settlement of an 
account of E.")!) 9s. 6d. — that is, they deducted 
£l 5s. 3d. discount, b(*.ing 2i % on the latter 
amount. As ♦he cheque represents a payment 
made by Bevan Sc Kirk, the value of it i.s entered 
on the payment, or ciedit, or right-hand side of 
the cash book ; and in a line therewith, on the 
same side, discount £1 5s. 3d. is entered in tho 
discount column. 

Transaction (1), Sept 25th. Paid postage of 
parcel to Williams Bros., Cape Town, 58. 

It is usual to make such payments out of 
petty cash, and we shall accordingly expect to 
find this entered under the proper date in the 
payment column of the petty cash book (^.t?.). 
Continued 
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THE GENERAL SERVANT 

The duties of a general servimt nro sonimieroiis 
that unless she is very energetic niid industrious 
she will find ever^’^ nioiuent f lier day almost 
too fully occupied. She should l)e very strong, 
healthy, and active. If she is inclined to waste 
her time, or to be unwilling w\ er her work, her 
duties will become very arduous. 7 he work of 
a general servant is und(;'ih(<‘dly hard, but no 
harder in a small hou^oiioifl than the work 
of another servant where ti.eie is a largi* 
family. fShe will, in all ])robability, be greatly 
assisted by the mistress of the house, and by the 
grown up daughters, should there be any. 7'he 
mistress u ill probably be down a good t im(‘ before 
breakfast, making the tea, etc., ami gemu'ally 
holping^ie maid to be punctual with the meal. 
Then, {uter breakfast, the form v wiM probably 
assist with the making of the beds and the 
dusting. The draw ing-room w ill la* undertaken 
by the mistress or n grown-up daughter, both 
in order to lighten tlu* servant's dutie.s, and 
also because the furniture and the ornunents 
of a draw'ing-room need gentle handling. The 
rough work of a general servant naturaliy tends 
to make her hands less tit for such employ- 
ment. 

Morning Duties. Tlie gMUieral servant 
should rise early in order to g(‘t through some 
of her work before the family are about the 
hou.se. »Shc should light lier kitehen tire directly 
she conies downstairs, clean the hearth, riih 
up the range, and juit the kettle on to boil for 
the breakfast. 

She should then go to the dining-room and 
breakfast-room. Aft(*r opening the window.-, 
she should well .>weep the car})et. If she is 
allowed the us.* of a roller-sweeper this will 
save much labour. Sweeping with a broom 
will then only be neces.sary from time to time. 

She should romov'e the rug from the front 
of the fireplace?, spread a large coarse drugget 
over the carpet, and proceed to remove tlie 
ashca, clean the hearth, and lay the livt*. The 
tiles should be wiped over w ith a damp cloth, and 
the bars of the grate polished. The work of the 
general servant is considerably lightened in the 
summer when she has only the kitelien tire to re- 
lay. Fires make a good deal of dust and dirt, 
so that the rooms will need still inon* careful 
cleaning during the cold montlis of the year. 

Breakfast. Having laid and lighted the 
fire, swept the carpet, and dusted the room, the 
servant should lay the table for breakfast. At 
the appointed time she will call the family, 
taking up hot water if required to do so. »S1 h* 
should then clean such boots as will Ik? wanted 
early, afterwards tidying herself f)ofore be- 
ginning her further duties. If the family 


breakfast late, slu? may find time lo tidy up the 
drawing-room grate, clean the doorsteps, wash 
flu* hail, and sweep down the stairs before 
breakfast. In any ease, these duties are next in 
her daily routine. 

1’hf? g(‘ne»’al .serv^tnt must endeavour to bo 
mothociicul in her work, and to remember 
the many little details that add so perceptibly 
to the comfort of the family. For example, 
she should put the plates and breakfast dishes 
into the ov(‘n to lieat in good tiiiu*, so that they 
may be n^ady for breakfast. I'hen she will 
set about the preparation of the meal so that 
it may be served punctually. 

After-breakfast Duties. This done she 
should take her own, wdiieli will not take very 
long; and while the family are finishing she 
should go uj) to the bed-rooms and strip the beds 
for airing. 

The family will do well to bo eonsiderate in the 
matter of sitting long over breakfast. If the 
meal is unduly prolonged by unpunetuality 
or by thoughtlessness, it will throw out the 
serv'ant's work and make her daily ro\4tine 
lal)orious. 

Whilst the beds are airing, tlu* servant should 
clear away and vva.sh up llu* breakfast things. In 
this .she will probably be assisted by lu‘r mistn'ss 
if the family is numerous. 'Fhe servant should 
then rearrange the kitehen. sweeping up the 
eriirnh.s that have fallen on (he floor fluring 
the preparation of brea Infest, and putting aw’ay 
all utensils not in immediate use. 

The mistn*ss will th(‘n fome into the kitehen 
end giv^e her orders for the day. She will vi.sit 
the larder and arrange with tlu? serv^ant as to the 
various meals to be serv ed. In a small household 
the mistress will hf'iself lake active part in the 
cooking. Good food, tastefully prepared, and 
well cooked, is a great factor in the preser- 
vation of health, and on the health of the 
individual members depc'uds not only the 
comfort, blit also the prosperity of the 
family. 

Daily Routine. Having received her 
orders for the day, tJie general .servant returns 
to the bful-rooms. Hither alone, or more usually 
wiMi assistance, she makes the various beds. 
8.he then arranges the washstands, goes over 
the carpets with a roller or dustpan and brush, 
and finally dusts the furniture. This dusting 
is often consigned to a daughter of the house, 
and in many families, where there are grown-up 
daughters and only moderate means, each 
girl makes her own bed and dusts her own 
room. This oon.siderably lightens the general 
servant's burden, and enables her to devote 
her energies to work from which it would be 
less easy to relieve her. 
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Ilavins; finished her routine work upstairs, 
the general servant will probably have some 
particular task to perform. For example, eaeh 
bed-room must be turned out ” at legular 
intervals, either onee a week or onee a fortnight. 
Then the stair-rods will neefi carefully rubbing 
with ])olisbing ])asle and hnither, and in some 
houses a certain amount of cashing has to 
be done at bonu*. In most e ises help from 
outside is oceaHionally hired by the mistress 
for particular parts of the work. For example, 
in turning out »ooms and in washing, she w ill find 
(*xtra help essential if th(‘ wlie(‘ls of tlie house- 
hold are to run smoothly, 'liie hands of the 
general servant are often already so full that 
vhe cannot be vesjamsible for further duties. 

Preparation and Serving of the 
Mid-day Meal. Aftei- Iht morning's work, 
the general servant ^h()uld wawsb her hands and 
j)Ut on a el(*an ajiron before laying the cloth for 
the mid-day meal. She should then ])ut every- 
thing in readiness on the tabh‘ and s(‘r\(‘ the food 
at th(^ appointed time. She may either take 
her meal concurrently with, or jift<‘r, that of 
tile family. In tlie fornnu* case, she waits at 
table till all are served, and tluui goes to the 
kitchen for Ikm' own dinner. Wlien the dining- 
room bell rings, she should answer it at once, 
remove the jilates and disiies of tin* first course', 
and bring in the pudding, fn houses wln're a 
general servant only is ki‘2)t, the <linncr will be 
served at mid-day. 

When the meal is over, she siioiild clear the 
table, dust and tidy the dining- room, re-make 
the fire, and brush up the hearth. 

Afternoon Duties. Having finished her 
own meal, and rearranged the dining-room, 
the geiK'ral servant must w^ash up the things 
used at dinm'r and during its fireparation. 
Plenty of boiling water and soda will lighten her 
ti\sk. She then goes uf) to her room, changes 
her print dress for a black one, puts on a 
muslin apron and clean cap, and ndurns to the 
kitchen. If slie is a ((uiek girl, she will lind 
herself free to sit down and sew for a short time 
before tea. After this little rest she will prejiare 
and take in tlie tea, and then again her time 
will be unoceujiied. Some afternoons she may 
devote to polishing the plate or brasses, others 
to turning out her kitchen cupboards and re- 
arranging tlu'ui, or she may sew^ either for herself 
or for her mistress. 

evening Work. Te.i being liiiished, the 
general servant should arrange the bed -rooms. 
She should clo.so the windows — at any rate, 
partially — draw dowTi the blinds, close the cur- 
tains, and see that dirty boots and shoes are 
taken away from the rooms. Lamps or gas 
should be lighted at dusk and passage windows 
closed. 

If the family partake of an oaily lea, supper 
will be served during the evening. The meal 
will probably bo of a simple character, not 
necessitating any cooking. After clearing it 
away, tlie general servant will have a certain 
amount of washing-up to do ; she should 
then get everything in readiness for the night. 


and make certain preparations for the morning. 
She may put the breakfast china in readiness, 
being careful to cover the tray to protect it from 
dust ; and ahe should see that there is a plentiful 
supply of coal, dry sticks, and paper- for her* 
fire lighting operations of the next day. 

THE COOK-GENERAL 

Where two or three servants are kept,. and 
the kitchen work is undertaken by one servant 
only, she is designated a cook-general. Not only 
is tbc cooking assigned to her, but various items 
of housework also. She is responsible for all the 
work of the kitchen, ima.ssisted by a kitchen- 
maid, so she must keep the kitchen and scullery 
clean, wash up all cooking uiensils, and polish 
up the co])per and tin vessels imd i^overs. The 
hall, stairs, and dining-room, or breakfast- 
room w'ill doubtless be phuied under her care ; 
for these rooms she will be responsibh?. In small 
establishments the whole of the liousevvork is 
often divided between a cook-general and a 
bouse-jiarlourmaid, the care of the bed- rooms 
and draw ing-room, and tlu^ preparation for meals 
being uiideiiaken by the house-parlourmaid, 
while tlie cooking and the care of kitcl^^n, hall, 
and sitting-room aie reserved for the cook- 
general. 

THE SEWING^MAID 

The sew'ing-maid is oftenest found in families 
wliei-c there are many young ladies: and where 
means are moderate. As the children gro\Y 
beyond the age at which the services of a nurse 
are indispensable, the mother finds that some 
reH2>onHibh^ person is necessary to help to keep 
their wardrobes in good order and repair. 
Perhaps the family income does not warrant the 
engagement of a lady'.s-maid, and a sewing- 
maid’s services arc therefore reijuisitioned. 

Duties of the Sewing«maid. The 

sewdng-maid will, to a certain extent, in such 
households, supi>lement the services of the house- 
maid. She w ill call the yOung ladies under her 
care in the morning, bringing in their hot water 
and drawing aside the bed- room curtains. She 
will, if n'quiivd, hedp tlumi wdicn dressing. She 
may lielp wfith the process of hair-brushing and 
dressing, and with the fastening of frocks and 
blouses. The duties of tne sewing-maid will 
vary widely in differi'nt classes of households. 
In most cases slie acts as young ladies’ or 
children’s maid. Her privileges are not those 
of the lady's-maid, but her duties consist, liko 
those of the maid, in personal attendance 
on the young ladies of the family. Occasion- 
ally, the sewing-maid may wait on the lady of 
the house instead of on the daughters. 

Daily WorR, Tlic greater part of the 
day the sewing-maid will be busy with her 
needle. She should be very skilful in plain 
sewing, able to cut out and make all kinds of 
underwear, and having some knowledge of dress- 
making, in order to make simple clothes for her 
young mistresses. vShe should have good taste, 
and bo able, if asked to do so, to give advice 
when, new dresses and blouses are being pur- 
chased. 



A Bewing-maid bhould bo handy and clever in 
contriving and renovating. By this means sho 
will save Tier miatress much expense? by enabling 
her to use up garments that might otherwise have 
to be discarded. By turning and pat'^hlng, and 
by skilful adaptation, the best is made cl every 
article of clotlhng. Tn a largo family of girls 
the dressmaker’s t ill can be surprisingly cur- 
tailed by the ingenuity of a clever S(?wiug-maid. . 
She should study fashion books and papers, 'ind 
try to keep her ideas up to date. 

All her work should be neat and painstaking : 
she will, no doubt, tind that the ladies for whom 
she works will themselves take an interest in h(‘r 
sewing. 8he will then let them nelp the work 
as much as possilile. and if at first this means a 
little delay, it is worth the extra trouble. They 
will soon get into the way of su<*h work and 
give much valuable help. 

The sewing-maid's chief diftieulty will Ix^ 
fitting ; but if she has been taught her work 
WH?ll, she will bo able to ada])t her knowledge to 
the- task in hand, and to obtain really sat isfaetory 
results. Unless ask(*d to do so, the sewing-maid 
should refrain from giving advice on matters of 
dress, but when asked her ideas, she should state 
them fearlessly, and w ith a genuim* wish to help 
her mistress. 

THE NURSE 

The position of head-nurse is one of great 
importance.’ Sh<‘ is responsible for the genera! 
arrangement of the nurseries, which are entirely 
under her care ; she should, therefore, be a 
thoroughly sensible and trust w’orthy woman, 
who realises how much the character and 
development of her littk* charges depend on her 
efforfs. The youngest child in the nursery w ill 
be her special charge. After the departure of 
the monthly nurs(» sh<' will undertake the can* 
of the infant, washing and dressing it, taking it 
into the open air and watching over it.s sleeping 
hours. »Shc should, from the very tirst, endeav- 
our to inculcate good habits in the child ; these 
are easily formed by (piiti* a tiny baby, and the 
lessons learned ai- seldom forgotten in later 
development. 

Characteristics of a Good Nurse. 

A good nurse should have? unlimited }>atieneo 
and sweet temper. Irritable mannc'rs and harsh- 
ness should find no place in the nursery ; they 
tend to make the children cross, and even 
untruthful. Tn the daily training of the children 
the nurse Bhould watch for the earliest indication 
of individual characteristics. By her own influ- 
ence she should make them feel the charm of 
unselfishness, gentleness, and perseverance. 

In her personal appearance and habits the 
nurse should be invariably neat and clean. Her 
work is light and never menial, so she w ill have 
no excuse for dirty aprons and soiled hands. Of 
course the nursery routine will, to a certain 
extent, disarrange her dress, but sho should 
endeavour to make herself tidy again as soon 
as possible. 

A good nurse will always insist on implicit 
owdience, even from the tiniest child ; but she 
will be very careful in telling the child what is 
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to bo done, .-^nd wlW never allow herself to 
become tyrannical. 

Good ord‘r should reign in the nursery. 
Little children dislike confusion and misrule, 
and are made thoroughly uncomfortable by it. 
Good divstaplinc does not necessarily mean 
severity, and the utmost gentleness and kindness 
are compatible w^ith orderliness and obedience. 

The nurse gcni'rally takes her meals in the 
nursery with the children, if slie works single- 
handed, or afterwards if then? are nursemaids 
working iincJt‘r her. Sometimes she may take 
lier meals in the liou.seki'f'per's room, if she can 
leave hi‘r young charges in sah? bands. The 
nurse shouhl be clever with her needle, for she 
will have' manv lioiu's w'hieh can be profitably 
spent sewing for her mistress or for the small 
inhabitants of IIk^ nursery. 

THE UNDER-NURSE 

One or morr' under-nurses will be kept, 
according to the number of children, and 
according also to the establishment. The 
nnder-niirse will clean lla* nurseries, scnil) the 
tloors, sweep, dust, and light the firc?s : and in 
every way s!\e should endeavour to keep the 
nurseries neat rind cheerful. She will carry up 
thi‘ nursery iiK'als and clear them aw^ay : and 
under the supciwision of the head-nurse she 
will be res])(>nsible for the dre.ssing of the older 
children. Her spare time will be spent with 
her needle. 

THE SINGLE NURSE 

Tn a small establislum'nt, wiauv only one 
nurse is kept, her wliole time will be occupied 
with her little eharg(‘s. She will probably be 
assisted in b(‘r work by her mistics.s, who will 
endeavour to relie\'(‘ her of the children for a 
few hours every day, in order that she may get 
the necessary rest and recreation. In most 
eases the nurse s outdoor exorei.si? is assured, 
for she has to take her little charges for 
walks, and at the same? time h(T own health 
l>enetits by tin* time spent in the open air. It 
is also important that the nurse should lx? 
allowed lime to associate with her fellow Sf^r- 
vants. ITie greater part of the day will be spent 
w ith little children, w ho may be very sweet and 
lovable, but at the same time may be hardly 
old enough to bo really oom})anionablc. Thus 
it becomes necessary for tlu? nurse's own com- 
fort that she should be given time to talk with 
the other maidservants, and become friendly 
with Jiem. 

Assistance with Nursery Work. 

The .single-lianded nursemaid wall probably 
need some assistance with the rougher parts of 
the nursery work. Either tl\e general servant 
or the housemaid w ill help to keep the nuiweries 
clean, scrubbing the floors, laying the tires, and 
bringing the meals up from the kitchen, d’he 
exa<*t organisation of the Avork should rest with 
the mistress, and she should do all in her power 
to let each maid know' quite definitoly what 
work she is expected to do. In this way little 
difficulties which might arise arc sn^xdhed over, 
and each servant can perform her work satis- 
factorily. 
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Nxirsery Meals and Medicine. 

Tlie limes of the nursery meals should be 
arranged by the mistiess, and the food prepared 
should l)e ordered by her. The nurse should 
not allow (ioastani eating and drinking between 
n>eals, and slumld discourage excessive sweet - 
eating. 

In the matter of health, the nurse should 
on the alert to detect symptoms of disease 
of any kind. She should at. once inform her 
mistress of jiny important sign, and should 
never presume io dose the children herself, hut 
net only under the* doctor's orders. 

THE CHARWOMAN 

'I’ho duties of charwomen vary more? w idely, 
jx'rhaps, than those of any otluT servant. Many 
charwomen merely act as (dcaneis, and work 
for a fixed wt'ekly wage, for a eertain niimher 
of hours every day. Their duties in this case 
eonsistof sweeping, cleaning, and dusting rooms, 
scrubbing floors, and lighting tires in cold W'eather. 
Such women always ])rovide tludr own food, 
and ill many casi's one woman may take the 
rosponsihility for sevei’al sets of oflices. 

'Hie duties of tlu* charwoman who goes to 
work in a privat(‘ family also dilTcr widely. 
In the genercaUty of eas<*s Ikm* work will supplt*- 
ment that of the ordinary domestic servant. 
Many mistresses arrange for a woman to come 
in onee or tw’ice a week to hell) with any spia ial 
cleaning that has to bo done. She w ill lx* called 
in to do the roughest household ivork, such as 
beating mats, and all kinds of rough cleaning. 

Tlie actual wages earned by flio cliar- 
wonian will entindy (lep(‘nd on the locality 
in which she works. She is generally paid by 


the hour or day., at the rate, in a town, of about 
2s. to 2s. 6d. the day. 'Fhe hours at which the 
charwoman is expected to ar.rive and depart 
should he clearly stated at the time she is 
engaged. 

Desirable Characteristics. The most 
efficient ehaiwvoman is the middle-aged hiarried 
woman who was a domestic .servant before 
her marriage. She will then bo experienced 
in domestic matters and the routine of a house, 
and Iw more capable of doing useful work. 
The charwoman's temptations are many, so 
her Jioncsty should he unimpeacliable. She 
should be punctual, neat in appearance, clean 
ill the execution of luu* duties, and very thorough 
and painstaking. 

THE DAILY SERVANT 

In tow ns, w here rents are high, and the expense 
of an extra IxMl-room are matters for cart'fnl 
consideration, minv people find it desirable to 
engage a “ daily ’ servant. In a small family 
living in a flat a daily servant is commonly 
(uigagcd, the limited space in the flat making this 
arrangcumuit more convenient. 

"I’hc duties of the daily servant will, in this 
case, he lhos(‘ of a “ general,,” except that, as 
the flat is giuierally small and the rooms fewer 
in number than in an ordinary house, her 
duties will he less arduous. 

Her wages will l>(» correspondingly higher 
than those of a .servant living in, for though her 
hoard is provided, she has to make her own 
arrangeriKuit.s for lodging. It is impossible 
to state any fixed w'age, .since the rate of payment 
varies so widely ; but the average wage i.s from 
7s. to 10s. per week. 
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2 lb. of each thickness would be w'antPtl, 
and 6 lb. or so of tlocoy wools (in white and 
plain colours). Of fancy wools (which arc sold 
by the ball), on.) dozen balls would be needed of 
rabbit wools, and the same quantity of ice wools. 
The.sc are not in plain thread like the others, 
but make up, in the casi‘ of ice wool, like astrn- 
chan, and with rabbit, like fur. Ostrich wool 
and Smyrna wool (for Oriental rugs) an* likewise 
in favour. Then we come to knitting silks 
(speckled and plain), for dainty socks or for 
edging. TJk'hc a?c in fast dyes of all colours, 
and Pearsall's silks are world-known. Of these, 
about fi II). would be recpiirisl, in 1 oz. halls, 
four halls being r(‘quired for a pair of ge*ntlt‘- 
man’s socks. Then there an* eiii broidery silks 
of various kinds— twisted filoselle, tilo floss, 
twisted flannel, and pursi* silks. Tht'se* are sold 
in different colours and si'ts of shades. 'Hie 
)nirse silks are the most expensive, and filoselle 
and filo floss are used principally for em- 
broidering chasubles, stol(*s, altar-cloths, and 
ecclesiastical vestment*.. Tlu* (‘luhroideiy silks 
arc sold in paek(‘ts, and a careful selection of 
various colours is neci*Hsary. The same appH(*s 
to embroidery cottons (white and ingrain) — 
W'hioh are sold in skeins --and to flourishing 
thread. An expenditure of £5 would giv(‘ one 
a very fair selection of ('iii broidery iieedk*s, 
knitting pins (bone, wood, vulcanite, and steel), 
crochet needles, rug needles, netting neetlles, 
and meshes (in w'ood and hoiu*). Jn this cate- 
gory we might also place tambour frames, 
square frames (for working on), and w’ool- 
winders. 

The Accessories. Besides the actual 
materials mentioned fliere ought to be a stock 
of articles for (‘inbroidery in sdk or cotton, and 
cither coloured or whitt*. Among such arc 
table-ccntrcs, duc'lu'ss sets, nightilress cases, 
comb-bags, linen bags, antimm'assars, Iray- 
oloths, doyloys, and benv-stitched and dra^vn 
work. Also squares for cushions must not 
forgotten. The same thing is obtainable in art 
serge, Roman satin (for sofa rugs, portidres, etc.), 
pure satin, silk, or other fancy materials. These 
arc usually Iwught ready-made, with fancy 
patterns on them. A few pairs of traced 
slippers, some canvas to be worked in wool, and 
tobacco-pouches, braces, shaving-cases, are all 
used for embroidery. 

Then there are numbers of made-up goods, 
such as sofa-eusluons, tea-cosies, egg-eosies, pin- 
cushions, and tidies, handkerchief and glove 
sachets (hand-painted on satin many of them), 
which might be stocked. A small stoc k snould bo 
laid in of such things as cushions covered with 
cretonne, pincushions, and orher fancy articles 
for ladies’ own mounting. Many linen articles 
are soU with the work started (sprays dowers, 
monograms, etc.), to Indicate how to proceed. 
It would likewise be well to include a supply of 
transfer patterns. These are used for ironing 
designs on linen or sdk ; nothing with a pile 
upon it like velvet can be transferred in this 
way. Books of designs ars to be obtained. 
Of Ifkte years Teneriffe work has become very 
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Credits and Prices. The same con- 
ditions regarding opening orders hold good in 
the Berlin wool trade as in drapery and its allied 
hranehes. A sure capital (though small) and 
•rood credentials will ensure ready acceptance 
of orders by any of the large wholesale houses, 
and much salutary advice regarding opening 
selections will be obtained from the accredited 
ex|x*rts of the trade. The draper, of course, is 
cutting largely into the trade, and new' openings, 
with a ehanci* c)f full prices, are not fn*quent in 
large centres, and particularly in the metropolis. 
But (‘ven the large drapery houses look on the 
art needkwvork d(‘f)artment as one of their best 
paying sections, and the average rate of profit 
is put at from 30 to 40 per cent, on wholesale 
price's. 'J'hc selection of stock and the rate of 
])rolit ehargt'd would, as in all businesses, depend 
upon the neighbourhood. In some localities, 
for example. lac(‘-making is the pojadar form of 
wrirk, and in such cas(‘s materials for lace- 
making would be stoclo'd in greater proportion, 
and prices would bt* })roportionateIy less or 
greatc'r, according to the amount of competition. 

Methods of Cultivating Business. 
With a view^ to forming a connection, attractively 
drawn up circulars should he sent out in the 
m'ighhourhood, particularly to the mistresses 
of girls' schools and kindergartens, and to the 
members of church nc(‘dlework guilds or Dorcas 
societit's. The circulars sliould call attention to 
the fact that customers may receive instruction 
in tlu' w'ork if desired. If it be possible to form 
classes for teaching embroidery or any form 
of laee-making, cte.. it will be found profitablo 
to charge rather low fees for tlie tuition, as the 
primary object of such classes is to sell the 
materials used. Within the last few years the 
revival of embroidery as a trimming for ladies’ 
dre.ssc3 and blouses, and the great popularity of 
coarse crochet lace, especially Irish crochet, 
liHve* created a fresh inUTest in both branches 
ot industry, which at present are proving a 
profitable form of home employment to many. 

In some country to\vn9 the owners of Berlin 
wool shops also keep a registry office for servants. 
This proves useful in bringing a number of 
people to the shop, which should be very taste- 
fully an-angod, with the novelties prominently 
displayed. The windows should be attraotively 
dressed but not overcrowded. The saleswoman 
should keep herself well informed as to new 
fashions and fancies, particulars of which will 
be found in the art needlework journals, which 
should also be stocked and sold. 

BOOKSELLERS 

I'here are some trades which, though by no 
means extremely profitable to those who engage 
in them, have at least the advantage of being 
pleasant to pursue, and of these we may say that 
none is pleasanter than bookselling. 

We have met booksellers who had bettor have 
taken to butchering or innkeeping, so ignorant 
and indifferent were they to the interesting 
features ot their work, having, for instance, never 
beard of some well-known authors. We also 
know a librarian in cliarge of a great libraiy , in a 
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provincial city of half a million inhabitants, who 
was under the impression that Mr. Robert Ban* 
was the author of “ The Little Minister ” and 
“ A Window in Thrums.*’ These are the round 
pegs in square holes, mentioned in the article on 
“ The Choice of a Caret^r,’' in the tirst part of the 
SKiiF-EnuCATOR, and we must not stay to consider 
them, but need only urge that no man who is not 
nfiturally fond of handling — not necessarily 
reading — books, and who is not interested in the 
names of authors and the works lliey have 
written, should contemplate for one niormmt the 
business of bookselling with any hope o'f succeed- 
ing therein. 

The BooKseller’s Assistant. As the 

beginning of every successful man is in some 
humble position in the trade in which he has 
made up his mind to excel, we begin with the 
bookseller's assistant rather than by describing 
how to start a bookselling business. Given the 
taste for books, a good memory, a bright address, 
hardly anyone who desire's to become a book- 
seller need fail ol the opportunity. J'here is no 
formal apprenticeship nowadays, and the con- 
ditions of employment will vary in every (own. 
if not with (^very emplo^^er. In London, a 
youth will be taken on at 10s. or Tis. a week to 
learn the business, and in the course of live? or 
six years- -but largely aecoreling to (lie? ability 
he displays — lie will be accounteel a fully- 
c|ualilied assistant, his salary va lying from 3()s. 
to £2 a week. A chief assistant, whc'rc the? 
proprietor is manager, will seldom get more than 
£3 a week, and £4 wejuld be themgbt a, geiexl 
wage for one in charge? of a e'onsiderable boeik- 
sedling business. In the preivinces a lowen* seuile* 
of wages is the rule: but, as living expense's are 
much less than in Lonelon, the remuneration is 
proportionately as good. 

His Duties. The duties of the yemng 
assistant are at first limit(?d chietly to oj[jening 
the parcels of books received from the wholesale 
houses, checking the invoices, and plae?ing the 
hooks on the shelves or in the stock-room, 
according to hi-: instructions. In London he' 
will often have to go to the whoh'Sale houses, 
or i)erhaps to the publishers, for books which 
have Ixjen specially ordered by customers. In 
the provinces there are also many large firms 
that coniine their energies to the distribution 
of books and jxjriodicals, though a good deal of 
coiTespondence is necessary in the case of pro- 
vincial booksellers, as it is not always possible to 
secure an uncommon book from a local wholesale 
house, and it must then be ordered from London. 
The assistant who has an aptitude for lettering 
will be most useful to his employer, and we would 
advise young men, seriously aiming at success 
by making themselves of the greatest possible 
use to their' employers, to go to the trouble of 
taking some lessons in designing, so that they 
may be- able to write neat tickets for placing on 
the books in the windows. The bookseller who 
is alive to his business knows how much good 
may edme from neat little cards with some 
s^ial wording on them ; not the same as every 
other bpokseller may be showing, but something 
much, more personal. Wo need not detail the 


other duties of tlie young assistant, which can 
be easily dischargeef by any youth of average 
intelligence ; })ut of vital importance is the 
cultivation of the memory. 

Use of the Memory. A booksellers 
assistant who has a defective memory is a 
nuisance to everybody (toncemed, and ought to 
leave a business in which ho can never hope to 
succeed. Why ? Because, when a customer 
comes in and asks, let us say, for an edition of 
<?haucer without knowing quite which edition 
he wants, the assistant who can immediately 
tell him there is an edition at Ss. 6d., by the 
Oxford Press ; the groat edition by Professor 
Skeat, in six volumes at £4 Ifis. ; and tliree 
volumes in the World's Glassies, at Is., and so on — 
the assistant who knows this is distinctly up- to 
his business, and the one who does not know it 
without wasting the customer’s time turning up 
catalogues, and thittering about asking questions, 
is an incom})etent. A course of memory training 
should be und(‘rgonc by every ambitious assistant 
uho is not naturally gifted with a “head for 
titles.” We know men who seldom read books, 
and an? in no sense to be regarded as persons of 
litc'rary taste?, yet tlu'ie is hardly a book pub- 
lished within the last twenty -five years wdiich 
they cannot tell you about — title, author, 
j)iiblislier, price, all are i*(*gistered in their 
memories, and you have but to ask to be cor- 
rectly ijiformetl. I’Ih'so are the ideal book- 
sellers. ’fhe public don't want literary (ypiniems 
from a bookseller — they want informUim. 

Opinions and Knowledge. The latter 
<|uality the assistant can acquire by carefully and 
regularly following tlu' trade papers, such as the 

Publishers’ Gireulav ” or “ The Athonseum,” 
noting the names of all new books, and judging 
by the reviews w lic'ther they are likely to be in 
demand, and by uhat class of readers. It is 
(juite in order for an assistant to remark to a 
eustomer, ’’ I notice this book is favourably 
r<?view'ed in ‘ Tiie "J'iines,’ it is greatly in 
demand but for bini to say, “ T have read this 
l)Ook and think it admirable,” is generally 
an in)])ertinen(‘e. Th(? average assistant is not 
qualified to pass opinions on the? books he sells, 
and nothing is more irritating to a person of 
cultured literary taste than to have some for- 
ward youth giving his ill-digested opinions on a 
work "of literature. His husinc'ss is to know' 
where the book is, to get it instantly ; or, if it is 
not in .stock, to say liow soon it can be supplied ; 
to know the exact price, and not to be familiar 
in his conversation, but deferential. 

The Bookseller. It is, of course, not 
easy to draw the line betavecn the duties and 
(jualifications of the a.ssistant and those of the 
bookseller liimself, as these merge into each 
other, and are entirely <?onditioned by the 
pecxiliar circurnstanct's of each case. But W'C 
can best be of service by supposing that one 
who has been an assistant for a nuralK?r of 
years contemplates starting for himself How’ 
will he go about it ? 

First he must know' the terms on which 
books are obtained. Books are sent out from 
publishing houses at 33 J per cent, less than the 
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Wished price, )>ut tho bookseller has always 
to pay c:<r/’fcV/(/. , and to those in the provinces this 
is a heavy item 'd'hos, a (is. novel, which sells 
retail at 4s. (id., is bouglit by tho bookseller 
at 4s. 2d., thirteen kiing given as twelve. 
Different publishers have different tariffs, but 
this we may take as an average. So that, 
if a booksoHcr can disj)Ose of thirtoen copies of 
a now 6s. novel, he makes a profit of 8s. fid., 
less tlie cost of carriage in tlie case of a country 
bnsineas, and the necessary shop expenses. 
There is a class of hook which is far more 
profitahle — “reprint” and juvenile literature. 
Such bf)oks arc usually sold to the trade at 
Imlf price, thirteen copies of a 1 s. book, or an 
“ asstwted’* 13/12, costing the ndailcr 6s., and 
realising 9s. 9d., which is better business 
than novel-selling, and involves leas risk. Con- 
s HjU(‘nlly, many hooUsidlera look ii})on this class 
of book as their “ bread-and-butter ” ; being 
always in d(unand, they can stock siiffieient 
quantities to secure the full trade discount, 
and be asMunnl tliat, sooner or later, they will 
di.sposc of the stock, wlauvas nov(‘ls arc^ always 
a lottery, and som ‘times involve tlie venturesome 
hooks(‘ller in serious loss. It often happens 
that some novelist inakc's a gr(‘at hit with a 
l)ooli, and the hooksi‘l)ers ar(5 tenifdi'd when 
that writer's iU‘.xt work is being “ subseril>ed ” 
to order a good (juantity. It falls tiat, and the 
books dlers are left with unsal(‘able stulT, for 
which t!a‘y have liad to ])ay. 'J'hereft)re, 
unceasing care has to be taken not to “]>Iung(\” 
and not to autieipnie so much as to follow 
clou^ ujxm iniblie taste. Ket books are 
perhaps the most satisfactory of all to Imndlo, 
and yu'ld a profit of 7.> ]>er e(‘nt. to the retailer. 
Tn tins class are included all sorts of teelmical 
works, wliieh t)ublisho(l at all sorts of 
prices. A l.w. educational work will thus yield 
the retaiku* Is. ihl., a good deal loss in pro- 
jxirtion than a “ half-])riee ” book; but works 
of this kind are usually obtained fo order, do 
not need to lx* stoidu'd, and involve no trouble 
or risk whati'A’er to the dealer. 

Dealing with the Wholesalers. 
A books«‘Uer may cither buy directly from tho 
})ublishc!*s or from the wholesale houses. The 
great majiuity of the retailers deal with tho 
larg^» distributing ageindes, for only those who 
can order largo (piantities of ht)oks can afford 
to trade direct with the publisliers, who su})ply 
their own list of hooks only. The largo dis- 
tributing linns in London and tho loading 
provincial centres luivc vast numbers of 
booksellers who run accounts and get all 
their hooks fi om tlumi, and tht‘so linns employ 
travellers who call upon their customers 
to show copies of the more important forth- 
coming publications. There is no hook or 
magazine too small for thc.se great firms to 
supply, and the constant complaints which 
reach publishers from readers unable to secure 
copies of their hooks or magazines are proof 
that many booksellers simply do not know 
their business, or will not be at pains to secure 
for their customers the books or paj;)ers they 
most desire. Tn passing, we may remark that 
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t ie young man who can get into one of these 
larger wholesale houses for a time in any sub- 
ordinate caiiaeily will Ica-m much that wdll be 
of value to him in the retail trade. 

Opening a Shop. \Vc now come to the 
question of opening a shop. Nothing definite 
can be stated as to the amount of capital 
required. On * man with experience and know- 
ledge will make* a betti‘r start with £100 than 
finother lacking these qualifications will do with 
£500. All depends upon the man and tho local 
conditions. Tlu'rc are bo many varieties of 
bookselling that w^e cannot desciribe them all. 
But wo will take three of them. 

1. Tlicri'. is, first, tho pure bookseller, who. 
selecting some liigh -class locality — perhaps in 
the neighbourhood of one or two sdiools at tended 
by the children of the better classes — dc^termini'S 
to sell books only, and to st/ock the best class 
of literature and educational works 

2. Another typo is the bookselh'r who com- 
bines books of a good class with ch(*ftpcr 
Uterjitvire ; standard libraries, like the “ World ‘s 
(.3fissics part publio»ations like tho “Harms- 
worth Encyclopc'Ddia ” ; and monthly maga- 
zines, together with picture postcards, fancy 
goods, and stationery. 

3. The bookseller, newsagent, and tobacconist, 
who deals almost entindy in “ half-price ” 
hooks of tlu* “ bread-and-butter ” variety, and 
ill all sorts of periodicals, as wt!1 as tobaccos, is 
a large factor in the trade. 

Three Kinds of Businesses. Ob- 
viously, th(' first of these requires the largest 
rapital, as his rent will be greatly in cxc^ess of 
the otlicrs’, the value of his stock much higher, 
his accounts longer outstanding, and his wdiolo 
“style” much more expensive to maintain. In 
the end liis profits arii often not greater, and 
arc sometimes less, than those of tin* other 
(•lasses ; but his position in society i.s superior — 
he is less of a tradesman and more of a ])ro- 
fe.ssional. It is clear, tli(‘rcforo, that unless 
one has sufficient capital to wait for a year or 
two before seeing any very substantial results, 
the first class of business is not oikj to bo lightly 
entered upon. 

The bookseller and fancy goods dealer repre- 
sents a line of businoas in which the returns are 
likely to be quicker and where a smaller capital 
will enalde a man with industry and business 
acumen to build up a profitable trade in a 
much shorter time. [See Fancy Goods and 
Stationery.] A valuable adjunct to this 
ela.ss of business is to secure an appointment a.s 
a branch iiostraastcr, which, while it does not 
mean a great deal in the way of actual income, 
for the money paid is usuaHy leas by a good 
way than tho services rendered, has indirectly 
an important effect on the business by bringing 
a large number of possible customers into the 
shop. f8eo Post Office.] In tho case of the 
bcdter-class trade, however, this is a thing to be 
avoided, because the postmaster must admit all 
sorts and conditions of people into his shop, and 
this constitutes a drawback to the high-class 
trade. The locality must bo as carefully chosen 
for tlie second class of business as for the first. 
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A suburban district is most suitable, and the 
class of literature will be largely conditioned by 
the local tastes. As a rule, it is not of tlic 
highest nor yet is it of the cheapest. A lending 
library, in which books are lent out at twopence, 
per week, can be run with profit in connection 
with such a business. Numerous secondhand 
dealers in London will secure current novels for 
use in such libraries at considerably less than tbe 
trade price soon after they have been publisb(‘rl. 

Tl)e “ bookseller, newsagent, and tobacconist'’ 
[see under these resi)ective trades] implies a 
lower middle - class, or w'orking - elas.s locality. 
Ji means very long hours, as one must be astir 
early in the morning to see that the papers are 
distributed to the errand-lads who take them 
around to the houses, and the .‘^liop must be 
kept open later than an ordinary bookseller's, 
'rhe books sold are the very chcajK^st, limited 
almost entirely to reprints of standard authors, 
at Is. or Is. Gd., together with juvenile literature, 
from the 3d. toy-hook to the 5s. story by irt*uty 
Manvillc Fenii, and others. The stationery 
would also Im' of the? cheapest kind. 

Tlio whole secret of sue<*ess in any of tlm three 
grades of booksellers we have indicated is io 
elioose carefully on(‘'s location, and, having 
cliosen that, to cate r a.s carefully for the tastes 
of the locality. 

The Bookseller at Work. Of course, 
the clerical side of the husine.ss is very much the 
same as any oth(‘r, as far as bookkeeping and 
accounts are concerned, so w(* shall not enlarge 
upon it, nor u[)on ilie ne('d for accurate 
monthly statements, where dealing with rcgulai* 
customers ; but by far the greater part of the 
business w’ill be cash, and each one will evolve 
for himself the syst in that best suits his require- 
ments. The most important matter is the pur- 
(‘hasing of st(u?k. The bookseller must beware 
of the traveller for the wholesale firm until he 
ha.s proved him a reliable judge of the literary 
market, rememlxTing that it is his businc\s.s t(^ 
get the bookseller to subscribe for as many 
copies as possible’ of tbe forthcoming book wiiieli 
is going to have a bigger “ boom ’’ than any lK)ok 
that has ever appeared before. But really no 
advice can be given as to pureliasing stock ; 
nothing but experien(!e will tell a man what sells 
in his neighbourhood. He must be guid(?d very 
largely by the demand at the counter. 'Phat 
is his criterion rather than the opinions of the 
literary papers, or the enthusiasm of the 
publisher’s traveller. 

; Studying the Seasons. Of the utmost 
importance is a shrewd observance of the various 
seasons ; showing and stocking just the kind.s 
of literature for the changing year. Ohristma.s 
literature is so obvious that it need not be 
mentioned, but far more might be done by 
booksellers with maps and guide-books if lliese 
livere judiciously bought and displayed at the 
beginning of the spring season. And good 
r^ultvS from groujping books of the same character 
together at such sea ons, taking, let us say, 
^ Oit 30^ or double tliat number, of light novels 
to Window display, under the general heading 
Ox / Eeawdhig for Summer Days,’* in June, July, 


or AugiLst. If tliorc ar<' schools in the 
neighbourhood, especially, and often if there arc 
not — for there’ will bo siliolars always — some 
show of educational hooks, (’boson with due regard 
to the ('haraeter of the local inbabitant.s. should 
he made about the beginning of ScptemlKn’, 

Publicity. Advertising is a( important 
to the local l)ookKollci’ at to the great publishing 
lirm. Every publishing hou.s(^ is only too 
delighted to sup])ly, on ap])lication. advertising 
matter, say, foi a new' hook, a now" magazine, a 
series of hooks, and the hooks(’lIer is w ise who 
distribnt(‘s these circulars, often prepared at 
grc’at cost, hearing his own name and address 
impress(‘d by a rubber stamp, or (‘ven printed, 
if li<‘ liappcns t(3 have a small printing press. 
Such a press, by the way, is a v('ry good thing 
for the enterprising bookseller of the second 
elass to possess, as it soon pays for itself and 
(‘arns a good piotit, the wage’s of a jobbing 
compositor and a ero]jper-boy not being at all 
dillieidt to imn’t with tlu* amount of printing 
noteheads, invoici’s, visiting c^ards, etc., w'bieh 
can thus be done “with neatiU’ss and dispatch/’ 
It costs wonderfully little to keep one’s name 
before tlu^ local public if all the facilities aro- 
taki’ii advantage of. and the bookseller who does 
not advertise, by s(*nding circulars round the 
iieigbourhood. continually changing his window^ 
and devising luwv and attractive tickets for the 
books h(^ is showing, cannot hope to prosper in 
these days of extreme competition. 

Some of (lie larger booksellers issue elaborate 
and c(')stly (’atalogues in which they give speci- 
men illustrations— suppli(‘d by the publishers — 
and admirably arranged lists of new" and recent 
books, most of w^hich they have in stock or can 
get in an hour or two. 'rhis, of course, is the 
])rin(^e]y way of doing the thing, but it 
mcan.s incrca.s(^ of busin(?ss. Others, again, 
hav(‘ taken to advertising th(.a*r name’s in the 
local pa])(.’r.s as having in stock, and willing to 
si’iid to any address, a given list of the late.st 
lxK)ks in fiction, scienee, and so forth. Both of 
thc.se methods are, of eours<‘, Ix^yond tlio beginner, 
and p]Vsup])os(’ considf’iable capital and an 
already cstablisliod business. 

Studying Customers. With booksellers 
of the first elass, especially, then^ is great need 
for studying tln^ individual tastes of every 
regular customer. We know', for instance, of 
several large booksellers who iU’o so familiar 
with the tastes of many of their customers 
that tliey can tell to a certainty which new 
lM)oks are likely to interest them, and will fear- 
hfssly buy these books with the knowledge that 
these eustomers w'ill take them. Indeed, in 
many <’ases such clever booksellers secure the 
lK)oks and .send them out to likely customer.s 
on approval, and the amount of good business 
that may be done in this way is really wonder- 
ful. But it requires a man of very shrewd 
judgment to work on these lines. 

While we have deprecated the pre.sumptuou» 
a^isistant urging his views of literature upon 
customers who, in all likelihood, are much better 
informed than hinijjielf, w-e must point out the 
need to be alert in ))Iaring new books before 
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every likely i)iiyt‘r, cultivating the habit of 
pleasing con vor, -nation, and fic(‘ly showing any 
work of unusual iiiteix'st to the (aistomer who 
seems interested in iiisjuicting the stock. 

Special Lines.*’ Then, of course, in 
bookselling, as in every other trade, it is well 
at times to get up some special line which attracts 
buyers. Annual sales, in which hooks that have 
not gone off so well as was anticipates] are 
marked down at a low figure, may, by attraeting 
increase of cMistomci's, do something to n^dei^m 
a loss, and it i^ always well to make a sli()w 
of a local author, or a hook of local interest, and 
to push it “ for all it is woith " ; though not 
to emuiat(' a Nolttngham Ixxjkscller, A\ho lx)iighl 
such a st(K;k of a novel hy a l(x*al writtT that in a 
few weeks lie was glad to iicki't the hook at till, 
per eopy less than he had ])aid f(»r it. A volume 
hy a local minister whose stunions liave Ixxn 
])ublished hy souk* good puhlishiiig house - hut 
nt‘ver, oh, nev<‘i‘ ! om* who lias luvd his 
discourses printed at his own e\pens(‘ hy some 
tenth-rate firm — is a gcxxl lim* on which to 
specialise for a while. 

Another thing that c‘V(‘rv eiilc*rj)iising book- 
seller should do is to arrang(‘ with sonu* firm 1o 
print a hook of good local vi(‘ws which will sell at 
a reasonable figure, and, liy eanying his name as 
puhlisher, 1><^ an adverliseim*ii<. of liis business 
wherever it goes. A hxal giiid(‘-lH)ok, eaiH'fully 
compiled, is also another sure selling production, 
(piito within llu* sc(»pe of any bookseller. 

Other Adjuncts, in addition to tin* 
several adjuncts to tlu* Ixxikselh'i's husiiu‘ss 
already mentioned, tliere an* oth(*rs ecpially 
W'orthy of eonsi(lt*ration, wliieh we may briefly 
mention. ()rd(*rs will, of course, he taken for 
bookbinding, hut in this matter the hookselh*?* 
can only act as an agent \intil he has forim*d 
a very eonsiderahli* husiiK'ss, which would enable 
him to engage a skilhd l»in(h*r, and do the 
work himself. IVint s lliiig and picture frajuing 
form a natural eomliination with hookvselling, 
and both are fully deserihed in anutlier j»art 
of the SEUK-l^nucATOU. 'I’Jien, wlierc space is 
not so expensive as if is in the heart of the 
great towns, hut where flic position is still 
Huflieiently eeutial, a reading and writing room 
is a good thing to provide as an .it tract ion to 
customers w ho are members of tin* lending library 
connected with the sho}). It vt‘ry soon jiays for 
itself ; and even afternoon teas might be pro- 
vided at a cost which will make them profitable. 
A servants' registry is anofluT useful and re- 
munerative agc'iuy that may lx* started. Arul. 
in a wwd, tlu* struggling bookseller must not 
rest eont4*nt until he has tried every YX)ssibh* 
ndjimet which can reasonably he associated w ith 
his business ; for it is all too true that book- 
selling alone, unless in very special cases, is by no 
tue^ms a very remuni*rativc business nowadays. 

Secondhand Bookselling. In 
w'ay.s the secondhand trade is more attractive 
than the new. It recpiires of its followers a 
thorough love of books for their own sake ; a 
upecialised know ledge of the value of old lMM)ks 
whose published prices do ipt always hear any 
tatfo to the prices they may fetch from people 
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who want them, and (juiirk decision in c.stimat- 
ing the worth of a bundle of old books put up at 
auction, a S(X‘ondluind dealer having to attend 
numerous sales in search of his .stock, though a 
great deal can also be bad by private treaty. 
Withal, the margin of prolit is far better than it 
is in the new" trade, and there is uo danger of 
anything losing value by becoming sliop-soiled. 
It is in tlu* s(*condliaiid trade that wo look for a 
man of real literary kuow'U*dge, and, although 
we nu?et many who .arc* utterly incompetent, thc^ 
fact that such can make a living indicates that 
the man who does know hooks and their valuer 
need not fear failure in it. 

About Catalogues, dieap po.stage has 
been a great boon to the secondhand dealer, 
and enabh's a man of mod(*rnt(‘ enterprise and 
iiKxlerati* capital to push Jiis business wonder- 
fully. He is wise if hi* specialises in some par- 
ticular braneli of Jitc'iaturc* while* still handling 
all sorts of books. Hi* might make medical hooks 
Ills .special line, or Oriental }>ix)ks. or biography, 
or sport, travel, tK.x*trv. “ fust editions.'’ A 
most important feature of tlu* seeondhund traih* 
is cataloguing. If j>ossil»lc, monthly catalogues 
sliould be si*nl out. i“(*rtainly evi'ry second inoiitb 
a. revised catalogue should lx* forthcoming, 
'rhere is nothing of a spt*i*i;d nature to say about 
a catalogue, as oik* is like anothi*!'. and so long as 
it is ]>rop(‘rly airang(‘d in alphabetical order, 
with the names of the books clearly stati*d. 
prices and dates given, no more can bo done. 
Some slovenly deah'is send out catalogue's w'hieh 
are a mere nu'.ss of w roiigly-spell and unclassified 
titles, usually produeeil in a slum printing 
house, a thing that makes one afiaid of getting 
disease from t(>u(*hing it. It pays to print a 
eatalogiu* wvll. “ Who's Wlio, ' “The Literary 
Year Ihxik,*’ and other works of reference, con- 
tain any number of addiesses to wLich it is 
advisabli* to fiost each new catalogue, and the 
volume of business which can thus be done 
through thi* ])ost from an addr(*ss in some 
suburb, or, indeed, fiom any part of the eouiitiy. 
is surtuising. Tlu* youth who has the love of 
books ill him need have no dilliculty in finding 
an opening with some .secondhand dealer. 

The “ Back-Number” Business. We 
need only add. in eonehision, that for one who 
has some little capital w’hieh lie can lay out for 
a few years, and is in no immediate nece.ssity of 
a return for hi.s money, there is a good opening 
in the “hack number” trade. Tlie idea is to 
buy old numbers of all the he.st magazines and 
part periodicals, haveth(*rii pro}x*rly examined to 
find if they are ]K*rfeet, and then store away in 
order of their (hates. There i.s a eon.stant demand 
for such back numbers to iJoniYilote .sets, and the 
dealer can afford to sell them at half-price and 
make a handsome profit, as a sack-load of back 
numbers will cost him hut a shilling or two, and 
may contain scores of magazines which in a few" 
\"ear.s wall 8(*]1 out at thirty or forty times what 
he paid for them, his profit being justified by his 
waiting and tlii^ cost of the space he must devote 
to a large stock, for a large stock i.s cs.sential to 
success. 
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IN addition to the niciliods of rojnesenting 
* vowels and diphthongs shown in the secoinl 
instalment of tliis course, t/h<;re are other 
devices for vocalization employed in th(i 
Pitmanic system to which tlui stiulont is now 
introduced. By mastering these instructions 
he will complete his knowledge of the metluMls 
used for the accurate rejuesentation of all 
possible combinations of vowel soinids in the 
language. 

Vocalisation of VL and "PR. 'J’ln* 

and pr Series may sometimes be used to obtain 
a goed outline, even though an accented vowel 
comes between the tw«) consonants. In stich 
a ease the lono dot vowels ijktwkk^ the two 
letters are expressed by a small circle bkkokk 
or ATJOVK the consonant str<»ko ; thus 

■L -y’ 

c»ov'b'.s.s, cushn'r^’d . }n>}tj'P}ur. 

The SHORT dot vowels are indicated by a small 
circle ])laced akteh or under tin* consonant ; 
tln.K Y ^ 

(h^rk, ifnavl, (r«>rni<(n, 

In cases where it is inconvenient to nhserve 
this rule, the circle may be written on either 
side, for either a lono or a short vowel ; thus 

r'f/'oW, (‘Hiiine*'r. 

A stroke vowel or diphthong is st ruck THKniajH 
the consonant ; llins 

«a_4. , ^ 

srhooL rorordy tui('fnrt\ 

♦Single stroke words vocalized in the above 
ways are lialved foi- either t or d; tlius 

E * I 

rourt, cold. 

When an initial hook or circle would inter- 
fere with a first-place vowel or diphthong, or 
a tinal hook or circle with a third-place vowel, 
the vowel-sign may be written at the r.E<!rNNiNo 
or END (j? the consonant; as 

> T 

cJxild^ dttrmomPy corporoi ion, 
fiijnmlmiy Jiiptrca. 

It ifs seldom necessary to vocalize tlie yi and 
pr series to mark an unaccented vowel ; thus 

permity weal ; 


]>ut acc’cntcd vowels may bo inserted; thus 


' '‘\o . 

ptrctHy pt'rcprf. 

W and Y Diphthongs. VV^hen w or y is 
folliuvial by any simple vowel, a diphthong is 
f<»nm‘<l, which is represented by a semicircle 
written in the same position as the simple 


ytm 
yoh 
yoxt, 

The following are oxamjdes of the use of tlio 
above signs : 

.A 


vowel ; 

thus 




ok -r 

OO) 

wolt 

Wtnn 

yah 

ik .|- 

oh 

weft eja 

woh 

yph 

pp 

Oo 

c:> 

woo 

yp/^, 


I 


} 


-.iOliicc, railiuiip, scoo'ppd, clxotnois, wimpioiCy 

^ ): V" L 

Indiinjtrf. (I'i'^odah', ycorlp, folio, youth. 

The saim*. signs writUui eicjht represent 
diphthongs formed of u* and y and tlie short 
vowels; thus 


d 

o wd 

; \\w'i 

y^' 

yo 

e 

if wv 

' ;■> wif 


yif 

/ J. 

ijd W 1 

I, won 



The following are 

t^xamjilt's oi 

the 

use of the 

above 

signs : 



i C 

V 


/ 


\ 

thworl 

•, tfcpfity. 

tinnypy uipufolvy 

pamvox'dy 



‘V' 'C. 


•c 


h( inl>'s-o‘only srriol, olti'tt, athclsty 


I 


fnitriol, pifpoo^. 

It is in practice rarely m*cessarv to make any 
distinction between lights and Invivy signs. It 
will be seen that the .sii»Ks of the circle ch 
rejnesent, the lo diphthong, while the lower and 
upper halves - G -- represent the y diphthongs. 

The right semicircle ^ representing vxur or 
u‘o may be ^irotixed tt) a strokes consonant whore 
it is convenient ; thus 

' - 1 ) J 

irdh, o,(f,r, o'‘itch<o\ e* /.s/ou'. icar, ivorp. 

1'he left semicircle ^ is prelixeil to downward 
and the right semicircle ^ is prefixed in h\ g, 
m, mp, to represent xo only ; thus 

WillUxmy ir/Isou, xuakpy xdy, ivomon, loompxim. 

1 ini 
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This sign is always rccvd ./rrsf, so Hint, when 
a vowol ju'coedos it: the stroke must lie 
written, and not the abbreviation, tlms 

aJL- 

atritb^, 

Initial AW. At the beginning of a worti, 
the vowel aio may be joiiUMl to upwaid /, as 

att'U tdh^r, (tUmilion; 

and the logcjgram ' , ntt' (all) may bo joined 
in compound words beginning with nil- «»r nl ; 
Ihus 

^:i d > V 

Alntufhhfy afmtdij, nlmosl, nll-trlsr. 

Disyllabic Diphthongs, in addition to 
the signs already given for diphthongs, most 
of which arc monosyllabic (or one syllable), 
the following series of ajigular characters is 
employed for tlio vepr(!Si‘ntatiori of disyllabic 
(or two syllabhi) diphtlumgs ; 

"i. 'I A 'l. j 

o/l*i, nir-t^ o/l-v, Oo-/, 

as in (‘ 1. 

hntt'hc'U ^ jhitr'ij^ .s/ohV, hrtChl. 

These signs are w’ritteii in the same places 
ns the long vowels, and may lie used to express 
a long vowel f<»llowed by any lonnnntlod short 
vowol whicli may occur; thus :.| rejiresents the 
diphthong in dtif'cij or in hm/on* ! f 

,\ that in 'if" rcnl, re'in4nl*\ or 

inus<'')tnt ; "1 that in dran ’vr or 

'.that in f Nin'l^ov 

rj o‘nlib‘ ; \ that in / jtnc'rl or ^ Jen/ish. 

Where ;t long vowel or <lipIithoiig is followed 
by an aa-cuM short vowel, sei)arate vow'el 
signs are written, or the if series is employed. 
(Compare the following words : 


L 

poet, poHIc, re-i’hrt, 

/, 


re -fill 1 1 rt‘ ! lift 1 1 'rf>dy 

re-niter ; ff>>oloifirnl^ <fi"jhifiif, thrnln% 

5_ >1 /I V 

' thfiMticnl y realtif, redlitij; pean ; piano. 

When two vowels occur in succession, not 
thus provided for, write the separate vowel 
signs ; thus 

r^' "1 f <r i,. 

Leo, Loiitfta, Ohio, Meamdi, Isaiah, royal, d*onj. 

Frequently occurring beginnings and termi* 
nations of words ai^e represented in short- 


hand by single signs, in accordaiue wdth the 
following rules. 

Prefixes. Tlie syllable ro/i- or am- 
occurritig at the beginning ot a w'ord is 
t'xpressed by a light dot w’litteu before the 
lirst consonant ; ti;us 

.1 "1 

(•(hiiniitj r«>i/oa ooY;/. 

When the syllable eoy-, rant-, ('n)i~, or cvm- 
comes ludwmeu two consonants, either in the 
sann) or in a preceding word, it is indicated 
l>y writing the syllable or word that folhnvs 
i XDER or CLOSE TO file eoiisonajit oi- wmrd 
tliat ])recedes ; tliiis 

• '■-? lx ^ 

rcc<»ga/.sc, df'compf),s'», conjinod, Vacuvidaoi/. 

Jnler-, Inlro-, or enter- is generally expressed 
by ^ 01 1 ; thus 

-/r'" ^ 

i nt er/t )f 7.-, i ntro.s/><»c^, onterpr* 

The ]»retix: may be joined when this course 
does not (xjcasioii ambiguity. 

Magnn-y oaagne-y or omnfnt- is expressetl by 
a disjoined ^ ; thus 

i; 

magiL'ia / mihjy magiu7 or/, magni/)/. 

Mf- is re]>resented by a disjoinerl cm'ivIo s; 
thus I 

self-r/^'/V/M*''. 

Tn- before the circled letters \ 1 o — 

n'"' /, is expressed by a small hook, WTitteii 

in the same direction as the circle; thus 

T-' 

Insplrnfion, instrnnnoily in.sf‘r/6e, 

_ U 

mherrnt, 'inhuman. 

Except in the w'r>rd inhuman (which canm^t 
be mistaken for human) and jts derivatives, 

the small hook for in is iievtn* used in negative 
words, that is, in words whore in- would mean 
not. In all such cases in- must be W'ritten wdtli 
the stroke as 

hosjytlahlf, mhnsfniaUp. 

SufHxes. Tlic sutlix -inif is expressed by 
the stroke 'w', and -Ings by ; thus 

facing, /(tcings, evoning, rohhing. 

When the stroke is not convcnienl, -ing 
is expressed by a light dot at the end of 
the word, and -rngs by a light dash ; thus 

<f<\ 

hoping, plotting, pfo/finga, faming, farningflu 
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The sudixeB -«///</, ‘oritij^ etc., aro 

expressed by disjoining the preceding stroke* ; 

thus 

• f(^nmlit% tarnalitu^ gt^ninlU ij. 

I'he sign is einployod as a cfnitnictioii for 
when following — - w, — p a.s, or a hook, 
when it will join easily ; thus 

iinprhoiimpufi t'Aimnn^nrritmul , 

The rnttix or -nn^nttfUii is expressed 

hy ^ Hint ; tlius 

imtrumenbii or oistr^nnentality. 

< Generally -hj is expressed hy ^ ; thus 

Where it is inconvenient to join the it 
may l»e disjoined ; thus 

Y friendly. 

The circle s is used to express -Kt ff and the 
large circle to denote -.schr.s ; tlnis 

//lyself ; 

k is soinelinies joined, us in 

b 

7 aj/self, /tdaself, //o'/aselves. 

To expi’ess -dtlp ^ is used, as in 
,s7#o(;/frdslji[). 

S«rinetinies the eliarueter may he joined ; 
tlnis 

A disjoiiuMl is used to express f ahoss : 
"Inis • /> 
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A disjoined is used for ^'.s.iurs.s ; thus 
^oele.ssness. 

Writing and Reading Practice. At 

this stage of his study, (he student, is advised 
to exercise his shorthand attainments hy making 
use of suitable matter for writing and reading 
practice. He should obtain “ Pitman’s Short- 
hand Reading Lessons, No. 1 ” (price bd.), 
which contains graduated I’eading jnintod in 
shorthand characters ; he shouhl also procure 
“ Key to Pitman’s Shorthaml Reading Lessons, 

No. 1” (price &d.), which is in ordiimry print. 
Taking the “ Key,” he should translate the 
hmgband words and sentences into sliorthaiid, 
and afterwards revise and correct Ids work 
by the priiii^^ shorthand of tlie “ Reading 
Lessons.’ He will also find it advantageous 
to utilize the Learner’s and Oon*esp<^nding Style 
^ilions of the shorthand |3ageH given w'eekly in lO 
FUtMH^if Joivrnnl (price Id.) in the same way. 
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Group 10 

THE DYNAMO 

ELECTRICITY 

8 

Mechanical Generation of Currents. Field-magnets and Armatures. 

CoMtlniK'*! frmii 

Commutator and Brushes. Armature Windings. Excitation of Magnetism 


By Professor SILVANUS P. THOMPSON 


Dynamo-electric Machines. Tiiis name, 
familiarly bhortcnod into Dynamo, was originally 
coinod (Greek (hpiamis, ])ow(*r) to denote a 
machine in whieli dynamite energy (tliat is to say, 
mechanical energy such astliat given hy a steam- 
tmgine or a turhine) is em- 
ydoycd to prcxluce an electric 
current. In rc'cent years the 
t(*rm has been used, in its 
general sense, to iticlude all 
maehine.s the action of which 
is dependent on the princij)le 
discovered by Faraday in ISIll, 
as explained in the i)reccding 
article, page 949. That ])iin- 
<*iple was the induction of 
electric currents by the move- 
ment of copper conductors 
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machine itself. On the other hand, the 
t(*ndency in England now is to confine 
the term dynamo solely to machines 
which generate continuous currents, 

V those which generate alternating currents 
being d( ‘scribed as adfernators, 
but to include those eon- 
t i ri nous c urren t generators of 
which the magnetism is in- 
dependently excited as wt‘ll 
as those in which it is self- 
excited. 

In tnostdynamos the copper 
(“onductors move, while tlu? 
magnets ar(‘ stationary ; in 
some the magnets rovolvi? 
while the copper conductors 
arc* stationary, but in the case 
of continuous current g(*nerators this is rare. 
Tt is even possible to design dynamos in wdiicdi 
lioth parts revolve, but in opposite directions. 

Principle of Reversibility. One most 
important fact about- tht^ dynamo — and it 
is tru(‘ of all its many forms — is its reversibility 
of function. When drivcm by meclianieal power 
it gt*m*?*ates <de(dri(^ currents, but when supplied 
with electric curnmts it generates meclianieal 
pow'er. The very same machine that will serve 
to convert mechanical emu’gy into c'leetrieal 
energy, as a yeneralor, will also s(‘rve to convert 
electrical eiw'rgy into moehanieal energy as a 
motor. In fact, it possesses reversibility of 
function. This is indeed a most precious pro- 
})erty, and is made use of in the electrical trans- 
mission of power from place to place. 


near the poles of magnets 
in such a way that the 
conductors cut tlirough the 
invisible magnetic lines pro- 
ceeding from the magnet 
poles. Faraday liim.self 
called such ina(;hines mmjndo- 
eler/ric, and this adjective 
is still retained to denote 
those machines having a 
jK^rmanent magnet of steel, 
though Faraday did not so 
rtjstrict its meaning, but 
applied it to cases in which 
.steel , • bars, Ipdestoncs, 
eleotroma^ets, and even 
the etirth itself, were used as 
magnets. In Germany it has 
been the fashion to narrow 
its use to the particular 
class of machines in which 
the magnetism is excited by 
the current generated in the 
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Rightshand Rule for Induction. Thr 

induction of an electromotive* force in a moving 
wire, or conductor, t(*nds to send a currcrit 
along that wire* in one direction or th(‘ 
other, and this direction can always he ascer- 
tained. In the inoveniont of th(^ conductor 
laterally across the magnetic lines, 
we htave three things mutually at 
right-angles to one anoth(‘r -the 
magnetic lines, the direction of the 
n»ovement, and the direction of 
the electromotive force. Now 
imagine the foredinger, the middle 
linger, and the thumb of the right 
hand to he set to point in three 
directions mutually at riglit- angl(‘s 
to one another, ns in 43. 'J’hcn, 
if the foreling(‘r is sot to point 
along the direction of the magnetic 
field, and if the thumb is in tlu* 
direction of the motion, the' vnddlv 
finger will indicate the senses of 
theinduce'd electromotive f( 

This is true for all moving 
conductors in juagnetie 
iie'lds, whether in dynamos 
or motors. 

Field-magnefs 
and Armatures. 

Kvery dynamo (‘on- 
nistsof tw'o principal 
parts, one of whicl\ 
stands still, while ilu^ 
other is made to revolve 
stationary part is cnlU 
field -mignvt. It consists .of one 
or more magnets, usually electro- 
magnets (page 5(>‘2) Hrrnly fixed in 
an iron frame flic object of these 
magnets being to ereatf*. 
a magw'tic flux, or, in 
other words, to create 
a large number of mag- 
netic lines which pro- 
ceed from its poles. 

The revolving pait is 
called the armtilure. and 
it consists essentially of 
a number of copper 
wires, or copiM'r con- 
ductors, joined 
together and 

' grouped in a 
particular way 
for the circula- 
tion of the cur- 
rents ; these 

wires, or conduc- 
tors being wound 
upon a core built 
up of laminated 
.iron. In modern 
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machines tlie eon's arc 
made with projecting teeth, and the copj)er 
conductors are sunk in slots between the teeth, 
‘and held in tightly by binding- wires or by 
wedges. The core is keyed firmly upon the 
revolving shaft, So, when the armature is set 
revolving, the coptier conductors are whirled 


round at a high speed. The revolving armature 
occupies a central position, and is surrounded by 
th<‘ poles of the fii'ld-magnet, which s(‘nd their 
magnetic lines into the iron core across the inter- 
vening gap or ch'arunce. The roVf>lving cojiper 
conductors as they fly round cut the.se invisible 
magnetic lines, and so, according 
to Faraday’s princijile, create or 
induce' electromotive forces. TIu'se 
1 ‘lcctroiuotiv^c forces lend to drive 
currents along the cojipcr con- 
ductors. and so, if the revolving 
conductors arc connected to a 
circuit, eiirrcnts will he generated. 

Commutator and Brushes. 
There arises, then, the problem liow' 
to conru'ct fhe conductors of th(' 
revolving armature to the wires, 
six-i’OLE FiELP-MAONET or luaiiis, of a circuit. It is 
(‘vident that this entails a .sliding 
contact, and the current must he 
from the revolving 
by ni(*ans of contact - 
t's. technically called the 
shp.'i, which are con- 
tt'd to the mains, and 
wiiich ])rcss against the 
revolving stru<*turc. 

The commutator, 
liowcvc'r, performs a 
function mucli more 
important than act- 
ing merely as a 
means of gliding contact, for, 
it bout its aid, th(^ current 
(‘oJh'cted would not he a con- 
tinuous flow like the current from 
a battery. The reason for this 
is as follows. The poles of the 
field -magnet are of two 
sorts, north poles and 
south ])oles, arranged 
alternately. vSince the 
revolving conductors 
on the iirmntaro are 
moved first ]>ast a 
north pole, then past 
.a south pole, then jiast 
another north pole, 
and MO. on in con- 
tinual succession, it 
follows that the induction of voltage in the con- 
ductors will continually revi'rsi', and roverso 
hack. For w (> may regard 
each north pole as sending 
out a flux of magnetic 
lines ai;r(^ss the air gap 
into the body of the arma- 
ture, from which these 
lines emerge to return into 
the .south poles. Hence, if w e apply the right-hand 
rule to the various cases, wo shall sec that ilic 
induction taking placij in the coiiductor.s will 
altemale in its direction along the ware. This 
process, therefore, sets up alternating currents in 
the armature wires ; and, unless these current. « 
w^ere commuted, they would be in a jierpctual 
alternation in the mains of the circuit. 
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It is the function of the commutator to 
commute, or change, these alternating currents 
that exist in the armature, and 
deliver them to the external cir- 
cuit as a “continuous” current. 

By continuous is nu'ant jjommj 
steadily in one direction^ like the 
cun’cnt from a batU^ry. Some 
engineers call such a current a ^ 
direct current, though its process 
ot generation is thus indirect. 

The term “continuous ' is more 
cf»rrect. How llie commutator 
IMTfouns its work we shall see 
p)‘e.scntly. 

A Modern Dynamo. All 

c'ssontial features of a modern 57. .xk.m.ati 
dynamo can he obsi;rvcd in the {Sankiy 

machine depicted in 44. On the left is a pnlk^y 
hy which it can he driven hy a Udt from a steam- 
engine. The shaft is supported by bearings 
standing upon pedestals 
which rise from a strong ttllllllll 

(‘ast-iroii bed-plate, llctween 
the pedestals bolted 

to the field- 

ffiagnet system, consisting of 
a circular frame, or yoke, of 
east st(;el, from which llu're 
project inwardly four mas- 
sive magnet-poles, each 53 s!:( 5 .MENT OF 
surrounded by its magne- 
tising coil. Between these four poles the 
armature revolves —a substantial barr(“l-lik' , or 
cylindrical, stnicture. At the right-hand end 
of the armature 
is the remma/a/or— 

('ivsily identified by 
noticing that it is 
a smaller eylind(*r 
built up of a num- 
ber of j)arallel bars, 
or segments, of 

copper. U}>on tlic 
commutator ])ress 
the brushes. Of 

these there are two 59 ( o^iplete arm 

sets, of three brushes 

per set. The sirt of three in IVont can be seen 
clamped upon a short, horizontal rod. which 
projects to the left from the curved arm of the 
*'ncket\ or frame, which carries the 
brush sets. The other brush set is 
behind the upper part of the com- 
mutator. 

This particular machine is designed 
to run at 640 revolutions per minute, 
and to give out a current of 80 
amperes at 250 vol Is. 1 1 will, tlierc- | 
fore, at full load give an output of 
250 X 80 watts — that is. 20,CKX) 

A\'att3, or 20 kilowatts. And that 
it may do this one must put into it 
mechanically at least 20 kilowatts 
of mechanical power. Now(p. 2tK)), 60. co; 

J kilowatt ~ r34-borso power; 
thereifore this machine willrequire 20 >• 1 34 ~2C’8 
horse poAver at least. But in all machines there 
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are certain losses due to friction, resistance, etc. 
If this machine has an efficiency of 94 per cent., 
then to get the 20 kilowatts 
(which are the equivalent of 26*8 
I liorse power) out of it, we must 
put into it 26*80 x 100 -s- 94 
— 28 '5 -horse power. 

Forms of Field«Magnets. 
.\lmost all modern d 3 mamo 8 have 
four or more poles, but many 
old generators and many small 
motors of recent date have but 
two pok^s. Fig. 45 illustrates a 
bipolar form, suitable for small, 
enclosed motors, having the pole- 
cores ])r()jeclirig inwardly from 
AKM.ATi RK ( ORE-DISC Iho surrouiiding yoke. Figs. 46 
{Saiikoy and Sons) 47 illustrate other bipolar 

forms, the field-magnet being Iktc a species of 
Jiors(‘shoe, with its poles upward or downward. 
This form is still rm^twith in open motors. Fig. 

48 is a further development, 
lllllllffl* which the whole of the 

exciting coil is wound upon 
u singU' M ultipjlar 

preferred for 
large machines, and 

l^ig- 49 is a four- pole form, 
practically identical with the 
jiR(iK CORE-DISC magnots of 44. Fig. 60 is a 
morcA special f or m, in which 
two of the poles only are wound with exciting 
coils, the other two being left unwwnd. Fig. 
52 is a six-pole form, often u^od formacliines of 
100 to 300 kilo- 
W'atts. Fig. 53 is 
an eight- polo tram- 
way generator ; it 
shows how the cast 
ing is divided into 
an upper and a 
lower half, and 
how' the w’'hole 
frame is supported. 
Fig. 64 gives a 
URE OF A DYNAMO view of three 

pules of a large 
24-pole generator of 2,000 kilow'atts (2,680-hor8e 
power). In ihc^sii large sizes the frame is , 
stilfened by two projecting ribs that run 



]n ihc^sii large sizes the frame is , 
by two projecting ribs that run 



round it. In nianv 
of the poles next tn 


cases the ends 
3 armature are 


enlarged by the addition of pole- 
shoes. Fig. 51 is a four-polo form, 
made very compact, of the patterii' 
much used for tramway motors. 

Armature Corea. The core* 
body which receives the copper 
winding is nowadays always built 
up of thin core-discs, or stampings 
of very soft sheet steel, about Jb in. 
thick. In small machines these ^ 
core-discs are stamped out in one 
COMMUTATOR pieco, like 67, which has a central 
hole to admit the shaft, and vonti* 
lation holes. It is toothed at the periphery in 
order that when these discs, to the number ol 
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fiomo* huridredx, have* })eon assi*mbK‘d on 
the shaft, the core body shall bo furnished at 
its outer part with a series of longitudinal 
grooves, or slots, in wliioh the coj^cr windings 
ean be placed. For armatures Bit are over 
3 ft. in diameter the cores are nuilt up of 
segments of thin steel, like 66, attached by bolts 
or dovetail clampings to a central liub. The 
object of thus building the core 
bodies of asseml)lcd laminations is ^ 

to prevent the waste of energy and 
consequent heating, which would 
occur by reason of parasitic currents 
induceci in the mass if it were of 
solid iron. The thin sheets must 
be lightly insulated from one 
another by paper or laeqiu'r. ^ (.^,1 

Armature Windings. M’lio 
conductors that ar(^ to he coiled on the e< 
consist, in small dynamos, of e()])por w ire, cotton- 
covered, and well lacquerc'd. In very large 
machines they consist of drawn copper strip 
insulated by a covering f)f tajK' and lacqiKM*. 
Th(^ prop(‘r nu]ub<‘r and arrangement of thesci 
conductors wall presently be eonsidenal. In 
modern standanl machines the coils of the 
armature are shaped upon wooden 
moulds, or formers* prior to laung 
put into their plac(‘s in tli<‘ slots. 

Fig. 55 show’s such a coil, eon- 
sisting, in fatd, of three .«eparat(5 
coilfl taped up together for con- / 
vcnience in handling. Tliey ari5 ^ 
curiously kinked, or twisted at th(‘ 62. a C; 
end- bonds to permit of tlj(‘ir being 
assembled in the slots, overlapping one anot her, 
each slot receiving two ’‘sides" of coils, lying 
one above tlu? other in tlu' slot. 

Re»entrant Windings. The (H>ils, after 
being put in place, arc joined up together in a 
jairticuhi! ord(‘i, tlic end of one being joined 
to the beginning of the next, so that tlicy 
form a continuous series, the end of the 
last one being finally united 
<0 tho l>oginning of tho 
first, and the whole senes 
becoming, therefon*, one re- 
entrant circuit. Jf a current y , 

be brought to any ijoint of a / 
re-entrant circuit, and leave ^ 

^hat circuit at any other ^ U-f 

point, it will obviously Jiave 11* 

tw’O possible paths of flow 

from tho one point to the 

other. In every armature 

there are, therefore, at least JjffT 

two 'paths through the wind- ^ 

ings ; and, as w’c shall sei', 

there are often more, than two 53 buitsh ge 

paths. 

Winding Pitch. Consider any loop of the 
winding, such as the loop shown in 55. Jf a 
current i» flowing around such a loop, it obviously 
■will flow up one side <Hid down tho other. To 
tove the current around the loop by its own 
inductive action, as it whirls pfist the poles, it 
ought clearly to be of such a breadth from aide 
to side that, while one side is passing under a 
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north f>oIc, the other sid(* ought to be passing 
uu ler a south pole, and Ihen the two electro- 
motive forces induced w ill help one another to 
drive the eurrent around that loop [63]. 

Commutator Construction. The com- 
mutator consists of a number of bars, or 
strips, of coj)per, of a .slightly tapering aecqion 
assembled togi'lher to form a cylindrical 
structure, as depicted in 60. The 
\ separate bars are insulated from 

one another with slips of mica, 
ahnut ()‘030 in. thick, interposed 
Pp-jw bet w'lM'n them. The bars are shaped 
1 1 like 56, with dovetail corners on 
their under side, so that they ean 
b(* seeur(‘ly clamped bt'tw'oen end- 
A ( OiTEii BRrsir ^*bc(‘k:5, and mounted on a .shell, or 
hub, that is secured on the 
armature shaft. Insulating collars of built-up 
mica are interposed bi*tween the bars and the 
clamping elieeks of the sliell, so that each indi- 
vidual bar is electrically isolated from contact 
with the neighbouring metallic parts. At the 
end of each harof the commutator is attached 
a metallie strip, called a riser, by means ofw^hieli 
the bar is connected to the armature windings. 

Thus, if th(‘ commutator lias, say, 
ill bars, there will 1x5 111 risers 
" W connected to the winding, at 111 

n j 1 1 IJT^^ eijuidistant points. 

l^'ig. 59 show’s an armatun* 
eompl(‘te, with the commutator. 
The dark markings show ventila- 
Bov BRi'HTi thig duets b(‘t\ve(‘n the windings. 

Tlio (‘nd-lxaids, as well as thewdres 
in the slots, are held down firmly by munerous 
bands of steel hhiding wires. 

Brushes and Brush Gear. The name 
brushes w’as giv(‘n to tlie stationary contact- 
j)ieees which collect tho eurrent from the 
commutator. Ix'eaiise in th(» early maehinos they 
W'ei*(‘ literally inadi* of bundles of springy brass 
wire. Nowadays, tbey are either made of 
bundles of copper gauze or 
copper strips, clamped in 

t suitable' brushdwlders [61], or 
more often of bhx'ks of line 
earhtni [62], Judd in hohh'rs, 
Avhieh pri'ss w’ith a springy 
]>ressure upon the surface of 
the revolving commutator. 
Jn order to adjust tlie 
brushes to the proper 
position to collect the 
eurrent without sparking, 
they are fixed to an adjust- 
able frame called the rocker, 
whieli is itself borne upon 
ANU iiocKER thcl«'ni ing. or clsct braokotod 
out from the magnet frame. 
Fig. 63 depict a brush rtwker, showing four s.'ts 
of carbon brushes together with the pieces of 
flexible cable to connect them together, two 
and two, and to carry off tlie current to the 
circuit. Tliere an* two carbon brushes in each 
eet. Fig. 64 depicts the brush gear of a much 
larger machine, having nofcw’’er than 120 carbon 
brushes, arranged in 14 “ sets " of 9 brushes 
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64 . LAROK 14-pole dynamo frame, showing BItUSH GEAR 


per set. (-arbon brushes Mill collec t from 30 is evident, therefore, that some previous cal- 

to 40 amt)€res for each scpiare inch of contact culation is necessary to enable, the engineer to 

surface. Copper binishes need onl)r about one- ascertain what windings will bo right for any 

third as much contact surface as carbon particular machine. Such calculations are made 

brushes. in two stages : first, to find the total amount 

Calculation of Magnet Windings, To of excitation, in ampere-turns [see page 563J, 
excite the magnetism in the dynamo, coils will be needed ; after that, to ascertain 

must be wound upon the pole-cores of the field- the particular size of wire and number of coils 
magnet ; or, rather, coils must be prepared with will answer this need, 

the proper number of windings of wire of the Conception of Magnet Circuit, It 

right thickness and with the right number of yms pointed out on page 665 that, if in any 

turns, being wound up on a hithe, and afterwai*ds magnetic circuit there are gaps—that is, if the 

slipped into their places on the pole- cores. It magnetic lines have to emerge from the iron 
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core into the air to croas the air-gap and then the gap multiplied the gap roelpciaft 0'.‘»133. 
re-enter the iron — it will be nceoaaary to provide Jn any iron pari we have to ealcMilate by 
a much greater circulation of current than reference to curve's of fitalistics of the mng- 

would ftufiice to magnetise to the same netism of . iron of similar quality, and find 

degree if there were no gaps. The reason from such curves Jiow many amp(?re-turns ])er 

of this is that iron is much more jicnm^ahle inch length of ])ath arc needed to jiroduec^ 

to magnetism than air is. Now, whenevi'r in tliat kind of iron the required flux-density, 

the question arises how many a?n pire-tunis and then luulliply up the tigure so found by 

of excitation are necessary, one must tlic number of inelu's' h'nglh of that part, 

examine two preliminary conditions — namely. For example, if A\e had tlu^ four- pole dynamo 

what is the nature of the maguetii; [44] ready built, but still reipiiring its winding, 

circuit, and how great a flux is to Im' we .dioiihl know that t lie flux from tlu' ]) oK' was 

produced therein. In a simple liorseslioe to be 2,7<M).000 linos net, or (allowing 20 jx'i* 

electromagnet, such as 23 [t>ag(' 501], the cent, for dispi'ision) 3,240,000 lin s in the poh*- 

niagnctic circuit, or path, consists jiartly of iron, core. Furllicr. if tlu^ area of poh' surface is 
partly of air. The magnetic flux which emcrgi'.s 50 sq. in., the flux-density in the air-gap will 

from th(; north-polo surface crosses a gap into be 48,000 lines per square inch. Also, if the 

the iron keeper, traverses the keeper, emcmgc'S pole-core sc'ction is 50 sq. in., the chmsity in tlu' 

again into the air opposite the ,.south pole', non will be 05,000 lines pern sq. in. .Moreover, 

crosses the gap again, and rc-cmb'rs the iron core if thc^ tc'cth are so narrow that the effect ivo 

at the south pole, and follows the iron arc'li sc'clion of those under one pole is only 20 sq. in., 

round to the north pole again. In a bipolar the density in llcem will Ik* 135,000, Now, 

dynamo, such as .46 or 47, the magnetic circuit suppose the air-gap to bo .J in. wide*, the 

is much likt^ that of the horseshoe electro- tc'eth I in. long, the* pole eore S in. long. Also 

magnet, except that the gaps are very narrow. suppose the c urves of statistics to show that 

In a multipolar dynamo, s\ieh as 44, 53, or 54, to produce a Ilux-ch'usity of (>5,0(M) in the mild 

there arc a number of independent magnetic steel of the ])ole-c*oies required 14 amperc^- 

circuits. For instanc’e, in. 54, if the middle* polo turns pt*r inch, and to produce a density of 

is the north pole, the magnc'tic flux that comes 135,000 hi the n-rmafurc stampings required 

down the inicldlo pole-eorc and crosses the gap 1,200 amjiere-turns per inch, wo then liave 

into the armatureeore will divide, half the lines tho following c'alcMilation for a magnc‘tie 

going to the right and reerbssing the gap to go c*ireuit. 

up the right-hancl south- A. -T needed for 2 air-gaps — 2 x 48 (MM) x 0 3133 x 0*5 — 15,038 
pole oorc‘,n.eot!ier half 2 teeth -2x l._>m» x 1 ..= 2.4(K) 

going to the lett to re- .r,. 2 poV-eores 2 x MxS =:= 224 

hfr*limKl*^'*s()uUi "^pole needed for one pieec of eore-body and one jiieee of 3 'oko, say, ■- 8(K) 

core. In all such eases 'I'otal ampcro-tnrm needed per pair of poles t- 18.462 

we liavo to c^alculatc 

Boparafely the excitation needed to send the flux Hence, each pole must carry wire enough to 
through the different jiarts, and we must fhc'U provide 0,231 ampere- turns, 

total up the result for a whole magnetic circuit. To find tlic^ right si/.o of wire wo have the rule 

The calculation is complicated by tho cir- that it must be, such that its resistance per inch 

cumstance that tlioro is always little length will bo equal to the voltage divided by the 

magnetic - disprrsion — f.c’., soiiio of the tlux required number of ampero-turns and by tho 

which emerges from tlio pole doc*s not c ross mean kuigtli per turn of the coil. Now, this 

tho gap and enter tho armature, but leaks by d;^maino is for 250 volts, bo that there will be 

some lateral path to the neighbouring south available (allowing 30 volts for regulating 

poles. By experience we can ascertain how rheostat) 220 volts — ?.r., 55 volts for f»aeh of tho 

much to allow as a leakage coefficient. In four coils. Tho inean longtli of one turn will bo 

ordinary multipolar dynamos 20 per cent, is about 35 in. Hcnco tlio wire jnust liavo a 

an ample allowance. resistance of 55 -i- (0,231 x 35) = O'OOOIT ohms 

Rules to Calculate the Excitation, per inch length. Kctcrenco to wire-gauge 

For air-gaps, the rule is that the nc’CCSBary tables shows tliat this will bo a No. 15 S.W.tb 

ampere-turns are equal to the flux-density in wire, tho diameter of which is 0 072 in. 

Continued 
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TAILORING FOR WOMEN ^ 
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Pressing Tools. Stitches, used in Tailoring. 

Drafting Little 

CVmiiiiiK')! I'tMiii 

iKltf'* 1*71 

Boys’ Suits. Taking Measurements. Front and Back Drafting 


By Mrs. W. H. SMITH and AZELINE LEWIS 


PRESSING TOOLS 

The Iron (<.*alk‘d hy tailors “(loose’') is 
the lirst thing rcMjihivd, and sliould bo at least 
10 to 151b. in weight. 

The Sleeve-board ean be made at homo. 
A pieee of wood, well s(‘UHoned and free fro!n 
knots, ash or beeeh, i.J in. tliick and 2.*1 in. long, 
5 in. wide at om^ eml, and from lij to in. at 
the other, will bo large enough for boys' aiul 
ladies’ tailoring |1]. 

There is idso the duj)iex sleeve-board, whieh is 
far more useful but a little more difficult to 
make. This is used for pressing seams, the 
bottoms of sh^cives, troiis<*rs, etc. [2J. 

The Sleeve Headboard is, as its name 
implies, for pressing the top of sleeves. It is 
useful for pressing such })arts as the darts, and 
any part when^ the figure is round : also for 
the bottom of boys' knickcis 
when they are gatluu'ed into 
a band [3j. 

Damping-cloth, < This 
should consist of J yd. of thin 
silesia (6|d. a yard), w(‘ll 
washed to get every piirticlo 
of dress out before* use. It 
must b(^ ke])t perfectly clean ; 
the watei’ ami the vessel for 
it being absolutely elean and 
from grease. TbC cloth 
must not be very thick or it 
will retain loo much moisture ; 
and as its object is to supply 
only sidfieicnt dani])m‘ss to 
raise steam, it should boAviung 
as dry as possible before using. 

Brow’ll paper, tailor’s crayon, 
a square, pencil, bodkin, 
tracing- wheel, and wax, art^ 
also recjuired for drafting, 
eiitting-out, and making. 

STITCHES USED IN TAILORING 

Thread Marking, This stitch must be 
put into all inlays and iuturns — f.c., neck and 
arm-bok^ curves, shoulders, pockets, revers, 
fronts, bottom, sleeve, culf, etc., to ensure that 
both sides of th(> garment arc made up exactly 
alike f 4 ]. 

Place together the two corresponding portions, 
and with a double thread work small **rujming” 
stitches through both, on the line to be marked, 
leaving a small loop to each stitch. Cut tho 
loops, draw the two pieces of material slightly 
apart, and cut the threads Ixdwecn them ; a shows 
the first process, b the second, c the result when 
the stitches are out between the cloth. 

Surging, This is a very useful stitch for 
eever^l purposes, such as joining together two 

1110 


1. SLEKVK-HOAKl) 




3. SLEEVE HKADBOARl) 


pieces of material that arc likely to dray, also 
the pleats of Norfolk, jackets and the tui'nings 
of bottoms r>f skirts and sleeves to caiivas ; 
in fact, in tailoring. Merging is indispensable.;, 

'fbe stitch is formed by passing the needle 
from back to front of the cloth. It must not 
go too deep nor be pulled too tightly. Tins 
form of stitch should, moreover, neither lie too 
closely together nor should the stitches overlap 
each other, as a rough, hard ridge would result, 
and th(‘ ol)j(‘ct is that the two pieces serged 
together should lie perfectly flat when pressed [6]. 

Tailors’ Felling. This is an important 
stitch, as no tailor-made garment can bo c(^ 
picted without it ; it is used for holding inj 
basted linijigs'of eveuy description. 

Place the n«‘cdle in the lining quite ( 
edge of the. material it is to be fclle 
slanting direc|ion io^ 
work(U\ taking'^ as 
stitch as ^^ossiblu , , 
material, so^-hat wh^ 
t)ut it will take 
lining. Next insert 
in the cloth opposil 
it came out of 
pull out, and again catch 
lining, repeating this till the’ 
w ork is tinished. The space 
botwe('n each stiU*h should 
be, for tine w^ork, p- in. apart, 
for medium i to | in. 

The sewing should not bo 
visible on tho upper edge of 
cloth or material to which (he 
lining is felled. 

Top Felling. This is 
clone by putting the needle 
first through the top instead 
of tho under side it will keep 
thick fabrics in place better 
than ordinary felling stitch, and. will bold the 
eleth dow n much better. By placing the needle 
in a slanting position the top side can bo put on 
tight or full, as required, according to the slope 
of th(? needle, w ith a proper hold of the clotb^oj. 

Back-stitching. This is used to sew up 
seams, linings, pockets, etc. Place the needle 
as upright in the Hand os it can be conveniently 
held, then push it through the cloth, , straight 
down and straight up. The next stiich n^ust 
be put in the hole the needle has just left pull 
the thread up as lightly as. the fabric i^uires. 
Ibiek cloth must be pulled up firmly ; thin 
cloth gently, and so on. 

Side-stitching, This is used on tho edge 
of coats, vests, jackets, etc. It is made by 
placing the needle on one side of the stitoh-i 
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that iioan'st tlx* is l)('st and should l>o 

i s .small as it is }x)ssil)lo to make it. Ihill tlu^ 
imedlo up ratliev tirinly, so as to sink the stiteh 
into the cloth ; a little dot made by the stiteh 
i.s all that should he seen [7). 

This is the m^alest stiteh for the outside 
work ot‘ garments, and, if well don<‘, l<e(‘))s the 
edges from rolling. 

Padding. This .<titeh is used to force 
canvas on to the turns or rt'v er.s of coats and 
collars of all kinds of garments that require 
canvas to hold them in place. 

The cloth must he held in a rolletl manner 
over the ting(‘rs, and the stiteh taken as lightly 
as possible on the elotli. only showing iir small 
dt)t on the umlcr side. It is Aunked up from 
right to left, and down from left to right, about 
.[ in. apart, forcing the canvas on a. little eaeli 
time a stitch is taken — /.e., working llu* tdoth 
from underneath ith the fovclingcr, and j)ushing 
tho canvas very slightly with th(‘ thumb, to 
make the work form a roll [8]. h^aeh row must 
be till* same distance ajiart, and each stitch 
midway between those on pivvioiis row. To 
produce good results Haven silk should be used ; 
it is to be bought in skeins, and can he iiad at 
any tailors' trimming warehouse. 

BacK and Fore Stitch. This is useful 
where strength is not reipiirod. Make two 
back stitches and one forwaid, then one back 
and ono forward all througli. This is useful for 
sleeve linings and other light work, such a.s 
linings of skirts and jackets [9]. 

Rantering. This is used to close up a 
seam that looks unsightly, the object being to 
make it invisible. 
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Fir.st sow tho 
seam with back 
^ stitches about 

5 in. apart, tak- 
ing the needle 
back half way 
f into the pre* 

vious stitch all 
through. To pro- 
duce thin results 
tho work must 
be done with 
line needle and 
silk flOzJ. 

^1 After sewing 
tho seam, 
dijublc the edges 
back on tho 
right side, w^ork* 
ing them as 
close to the 
edges as. pos- 
sible with the 
f( li n g o r and 

thumb. Take a 
j line needle and 

silk, pass it 
in a perfectly 
straight line 
(from and to- 
w'ards the 
worker) through 
tlio extremis top of the edge^s, bc.tw'oen every * 
thread of the material ; this is important, 
as till* seam must lie perfectly flat [lO^]. When 
linished, scratch the edge of the material lightly 
to raise the nap ; then, also very lightly, press 
tho w rong side on a hare board. On no acooimt 
draw' tlie iron along. 

Stoating. First pla-cii tho edge of the 
mat (‘rial together, WToiig side up, and mark at 
regular intervals of at least 1 in. with a tailor’s 
crayon. The edges are then held together by the 
left forefinger and thumb, and thi? noodle is 
passed in a perfectly straight position from the 
top through half tlio thieknesi; of the material — 
/.c., splitting the cloth. Tho stitches must on no 
aecount show on tho right side. It should also 
he remembered that in drawing it up, the stitch 
should be pulled rather tightly. >Stoating is best 
applied on stout, linn cloth, the edges of which 
w ill admit of splitting, such as Meltons, bpavers, 
boxeloth, etc. Fig. 11a will give some idea of 
the Avay this form of stitch is applied. 

The chalk marks mu.st be kept opposite each 
other alt through. When the seam is finished it 
should lx* rublx*d with warmed w^ax, placed on a 
bare board, wrong side up, slightly damped, and 
prcs.sed with a rather hot iron, which must be 
lifted up, nxA moved along. Fig. 116 shows tJie 
process completed and right side of cloth. 

Drawing-stitch. This is applied oh tho 
right side of material without any seams being 
taken. It is employed for joining the ends of 
collars to rovers, etc. Use a very fine needle 
and silk. After securing the first stitch [12], 
place tJie needle in the top of rever, bring it 
round, taking the smallest possible hold of tho 
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oollar ; bring tlie noccUo up tightly, insert it again 
directly opposite where the last stiteh came out, 
and proceed as before. Mark the edges as in stoat- 
ing to keep them oven, and press when finished. 

Buttonholes. First mark the position of 
the holes at equal distances opart. The <?ye 
of the hole should be J in. from the edge of the 
garment and j in. longer than the diameter of 
button. No matter Avhat the material ma}'' be, 
it is advisable to stitch round the mark before 
entting, to prevent tlie tup and under (‘dg(‘s 
from slipping ; this enables one to work the hole 
witli more (^ase fl3]. 

Holes are usually harred Avitli double twist, 
thread, or gimp. Twist is preferable, as it wears 
so much better, and should always be used in 
the best work ; the Iw’o latter methods cut the 
twist, and give to tbt^ lioles a stilf a])pearanec 
w^liich they should not have. 

To “ bar ” the hole, a No. 5 needle and No. 10 
twist wdll bo required. Take a length of twist 
from 4 to 1 yd., aeeortling to si/.e of bnttonliole, 
and make as small a knot as possible. Insert 
the iK'odle between the cloth and facing to hide 
the knot, bringing it up as near tlui edge as 
possible [14] ; send it down at 2, up again at 2, 
down at 3, up again at 3, and down at 4. The 
twdsi .should 1)0 drawn rather tightly, an<l lie 
along the hole at an (Mpuil distance from 
the edge. Rex^eat the operation, wliich will 
produce a double twist bar. Fig. iZa shows the 
hole cut and barred, and tlie needle placed 
in position, before . making the first stiteh. 
Bring the needle up at 1, about y,.; in. from 
the edge, east the tw'o threads which hang 
from the eyt^ of the needle round the point, from 
right to left [n], draw the needle out in an u])W’ard 
and forward diretdion, faking care to liave the 
loo]), or })url, e.vaetly on tlie edge of hole, and 
continue the stitch to 2 (2 and 3 rcjnesent the 
eye of the bole). The stitches should now be 
closer together, the purl pulled well up at this 
point, and the eye kept as round as possible ; 
complete the hole in tlie same w'a\ as from 1 to 2. 

Now’ bar the e'd. To do this, hold tlie gar- 
ment with the eye of the hole towards you, 
make 3 or 4 bars from 4 to 1, bring tlie needle 
up at 4 and make 3 or 4 loop stitches, put the 
needle down at 1, fasten olT noatl;^ and securely. 

The holes are now^ ready for the finishing 
process. Press the two edges together ith the 
thumb and finger, oversew lightly with two or 
three stitches near the eye, place a cloth over 
the bole and press, insert a bodkin or stiletto in 
the eye, and give two or three sharp turns. The 
buttonhole is now completed [136]. 

DRAFTING BOYS’ SUITS 

In drafting and making boys’ garments — that 
is, little boys from about 6 to 8 years old — it is 
of the greatest importance that they should be 
easy in fit, yet not so big as to be unsightly. 
Extremes in either case must, of course, be 
avoided ; a tight fit for boys is certainly a 
mistakei and is not conducive to health. In 
the case of tall, tliin boys, it exaggerates the 
slimness, and for those of opposite build, it 
^entuates the stoutness ; ’ in neither case does 
it add to the bekuty of proportion. Coats for 


slim boys should hang as straight as possible 
from the back of arm to bottom of coat, to 
broaden the figure. 

Having thus dealt with the necessary pre- 
liminaries, w^e can proceed with the drafting of 
a boy’s suit for the following measures — viz., 
20 in. breast, 20 in. waist, 12 in. neck, 12^ in. 
back, 19 in. full length, sl(‘cve from centre-back 
to wrist 22 A hi. 

Measurements. Round the lower part of 
neck, 12 in. 

.Ba<4{. Place tlie end of indi tape on the na(»i* 
of iKiok (to do this eonvetly, you must feel for 
tile small round bone (jiat connects the vertehne 
or backbone, with the bones of the neck), 
measure to hollow^ of waist, 12.1 in., on to full 
length, 19 in. 

Round the chest— not tightly — 20 in. 

Sleeve, from lientre-baek, on to wrist, 22A in. 
Working scale : half br(‘ast, 13 in. ; .[ in. turnings 
are allowed on all seams. 

The Drafting. .V piece of pa})er 20 in. 
long and IS in. wide is )‘eqiiired. Square lines 
1 J in. down from t)»e toj> and 1 in. in from edge. 
Letter the left-hand corner A. 

Back Drafting. to B, one-sixth of 
back length (2j in.), A to 1), length of back 
(12| in.) ; B to oiie-tljird (4'* in.) ; A to K, 
full length (19 in.) ; Fi to K’, J in. Draw line 
from E** to A ; squaie lines at rigid angles from 
B, C, D, and E. A to A'‘. one-sixth of neck ; A ‘ 
to A’’, \ in. ; from back line to O', onii-third 
of breast, plus 1 j in. (oA in.) ; to F, two- thirds ; 
to G, half breast ; to H. 2.^ in. more than the 
measure. 

Square line from C’* to B line ; G' to 1, one- 
twelfth ; I to 1'. \ in Make J top of line on 
line B ; back line to J', Jialf the distance from 
A to (’ (s(‘e brokiai line). Draw line from tl 
through to bottom of eoat and make K. 
K to i, onc-twelftli (about 1 in.) ; 2 and 3 are 
{ in. to right and left of K line. Draw' lin(‘s 
from K through 2 to 

(dirvj* from I to .J ; slightly curve back- 
shoulder line from J to A’' ; and neck from A’’ 
to A [15]. 

Front Drafting. F to F', one-sixtb, 
plus I in. ; F'* is midway between. F’ to X, 
.J in. Square line up from (J to neck line, 
make L, eontiniie line (A to bottom of eoat. 
L to M, one-sixth of n(‘ek ; M to M‘S J in. ; M' 
to N, one -sixth of neck. 

Square line from M‘ and N to IJ in. out 
"from G line ; make H", N to N% half the 
distance from M' to N ; G line to P, I in. 
more than G to H. Draw line from H through 
P, to bottom of coat ; mark olf tlie corner 1 .1 in. 
(or more if desired). 

Curve from G line thvougli this point to [ in. 
out from P, on to H ; slightly curve from H to H ". 

Neck Line. (.’urve from H.“ through 
N*"^ to M'" ; draw front shoulder from M" to J. 
Make 0 same length as back shoulder ; drop 
O }• in. before curving, to take off the sharp 
angle at that point. Curve from 0, through 
X, and F to 1** and from E through 3 to I 
for side of front [15]. 

Continual 
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HOW PLANTS PROTECT THEMSELVES 

Defences of Seed-plants ag^ainst Weather and Animals. Life 
History of the P'ern. Alternation of Generations. Fern-like P.ants 


By Professor J. R. AINSWORTH DAVIS 


Defences of Plants. Knoiigh has 
already boon said about the uay in wlr'eh 
drought* plants tide over the nn- 

favourai-le season of llu* year, and tliis nuist 
S(?rvc as a jiarlial ilJusI ration. 

'rhc numerous (*hs(‘s when* filants ()oss(*s.s 
Hjiines, thorns, priekles, etc., are |)artly at le/ist 
to be interpreted as adaptations whereby def<*nee 
against many vegetarian (*nemies is more or less 
attained. In the sloe rfn)nnHtiis), for 

exam[)le, the spines are 

modi tied brane lu^s 

(172]; in gorse (f 7r.r 5* 

Kiiropam) thoy arc ^ 

branches and leaves ; spines ^ ' 

and in cacti, leaves \ ^ 

{Echinocactuft), a tihoto- 

graph of wliieh (1351 ^ 

appears on page 0(U> ; ^iT 

while in holly {Hex 

aquilnlitm) the iirickly m 

leaves answer the same 

purpose. 

'I'lic grubs of many 

beetles live in wood. / \a\ Ji 

upon which they feed. jj Jk 

^Phis probably gives a . 'w 

clue to the primary use // 

of the im))ortant com- ] » 

me r (rial substances j 

india-rubber and gutta- » 

pcrcha, which are the its 

dried sticky juices of ^ 

various shrubs and trees 
living in hot climates. 

Beetles of the wood- ^ 

boring kind, which seek At A 

to pierce and lay eggs 
in such plants, are lialih* 

to be snared and killed L L 

bythc viscid fluids whicli J72 slok 173 n 

, likcrrystalH). 174. s 

Arums. Hud vanous 176 

other plauls, ward off ,,.k.sebkkry. 

the allaek.s of sna.ls 
and slugs m a rather 
curious w'ay. I he outer 

parts of their stems and leaf stalks contain 
bundles of excessively sharp crystals {mphides), 
composed of oxalate of lime (1731. These pierce 
the soft mouths of snails and slugs like so many 
needles, conveying a lesson wliieh is usually 
taken to heart. 

Readers who have followed this course will 
realise the importanoi? of tlio fertilising tlust 
known ns polkm. Since it is very liable to 1x3 
spoilt by moisture, a number of devices have 
come into existence by which this is prevented. 
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172. SLOK. 173. RAPHIDKS (slender needle- 
like erystals). 174. SNOVVUROI’. 175. WOOD 
ANKMONE. 176. TOAT)FI.,VX. 177. TEASLK. 
178. OOOSEBKKRY. 179. SILKNK INFLATA. 
180. SWEET eUKsTM'T (rounded husk covered 
with slender spines). 


Bell- or eiif)- sha|)ed flowers hanging upon 
curved stalks protect their pollen very etTeetually. 
as may be s(‘en in ('anterJairy bell {Campanula). 
iieath {Ericn)^ snowdrop {(Jalanthus) [174J, and 
lily of the valley (Ctmmllaria). There are also 
many llowers wiiich bend over in rainy weather 
so as to shield the pollen, among wliic'h are 
li<‘rb Robert (Oeraniinn Itoh-rtianum), daisy 
(fifllis penainis)^ willow herbs {Epilabimn), an'l 
wood anemone (Anennmc ncmarosa) [175]. In 
o1h(‘r cases — r. f/., lim«' 

i iTilia), an illustration 
ill I Jj of which [148J appeals 

lii 

III / F jX b a 1 s a m {1 tn pat iens 

|j I U ji^\ nail -me- fanijcre) — th^ 

I I foliage- leaves servo as 

I an umbrella. 

If In many mem bora of 

t he di'ad -nettle and fox - 
171 174 glovt* orders (LahiaUt 

and Sera ph n lariacert ) 

yjK the opening of the 

corolla is at tho side ; 
/Z) n or in some of tlu- 

_ Jv latter, such as toadflax 

^ (Lmaria) [176] and 

ERFORATioN suapdragon {Antir- 

ECTAR iruR r/imi/h?) it is completely 

closed except during 
insect visits. 

• 177 Tho closing of mans 

-V flow^ers on tlio approach 

of rain i.s a common 
device liy wdiich pollen 
is protected, and is 
exempli fled by roses, 
gentian.s, and crocuses. 
Protection against 

J Unbidden Guests. 

HIDES (slender needle- While flowers lay tlicm- 

vvDRor. 175. WOOD 

177. TBASI.E attract insects of 

19. SILKNK INFLATA. '* ‘‘P^uin kind which 
(rounded Iiusk covered able to transfer 

f spines). pollen, the flowers 

themselves, or the 
pollen and nectar they provide as rew'ards for 
their industrious servants, prove tempting to 
other insects, and sometimes to snails and 
slugs, which are unable to perform tho y^ork 
required of them. Such “unbidden guests’* are 
debarred from access to the flowers by a great 
variety of ingenious devices. 

The flower must also be protected against 
unbidden guests which creep up from the ground. 
These are mostly creeping insects, which find 
their upward progress barred by water barriers. 
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f^ilippory or sticky surfaces, or oLstruotions 
of bristles or sharp hairs, lu certain teasles 
(Di/mcHs) [177], for instance, tho foliage- leaves 
arc in opposite pairs, and their bases \inite 
together to fonn a cup in wliich water accumu- 
lates. Some of the 
catch-flies {Sile^ie) and 
campions {LychnU) liave 
sticky stems, which not 
only prevent tho visits 
of undesirable forms, 
but entangle and hold 
them so firmly that they 
pei-ish miserably, and in 
gooseberry {Ribts yrns- 
suhiria) [178] there ai(5 
viscid hairs on the calyx 
whicli answer tlu^ same 
piii'pos<‘. In ceitain 
willows {S(dU') approacli 
to tlu^ flowers is pre- 
vented by wax-covered 
slopes as slippery as 
glass, which giv(; no 
foothold, whil(^ 
a curved flower- 
stalk, such as 
that of snow- 
drop {iialanthuti 
niralia) [174] 
ju a y d e b a r 
entry, Ob- 
stj'uctions arc 
w'l'll seen in the 
prickly bracts 
which closely 
invest t h e 
tlower-hcads of 
thistles. 

Til ere arc 
some plants, 
siH'li as certain 
lialsams (/m- 
fHitienfi) which 
s(‘cretc nectar 
at tho bases oi their 
foliage-leaves to attract 
unhidden guests whieli 
are climbing up to tho 
flowers. ..Ants, in par- 
ticular, arc very fond 
of sw eet substances, and 
commonly content them- 
selves with this liiro, 
which saves th(;m the 
trouble of going further. 

Snails and slugs are 
effectually kept away 
hy spines, thorns, and 
prickles, as in gorsc 
( Ulex EurojHieus)^ sea- 
holly (Eryngiuni tnari- 
li'imim), and many 
others. These unbidden 

guests do not seek pollen or nectar, but devour 
the flowers bodily. 

Alany of the more speciali.sed flowers can only 
he usefully servM by a limited circle of visitors, 


and others hav(^ to be excluded. Tangles of 
hairs or gratings of bristles are often founrl 
within the flower itself, and effectually protevt. 
the nectar against smaller and weaker insects. 
Such may bo found in the buck bean {Menyan- 
thes), some honoysiK^klos 
{Lonicara)^ and some 
speedwells ( Veronica)^ 
while in many instances 
the meclianism of tli(‘ 
flower may be compared 
to a lock of w'hicli only 
the legitimate visitors 
jiossess the key. Tliis 
is well exempliti(‘d by 
most members of tlie 
j)ea and dead-nettle 
ordtas {Leyuminoa^f' and 
Lnhiata). 

Then; are several 
thieving bees w'ith 
tongues too short to 
reaeh the neelar-stores 
of certain flow (as, and 
tliese intelligent 
creatures have 
found it possible 
to bite througli 
the out (a* invest - 
nuaits and steal 
the desired 
treasure without 
earning it [176). 
One (hwice for 
preventing tins 
is found in the 
bladder campion 
{Silent htflafa), 
wluae tlie large 
inflated ('alyx 
stands at some 
distance* from 
the treasure^ 
house |179J. 
Sliould a lU'ctar- 
Ihicf gnaw a hole through 
this it is no Iwttcr off 
tlian Ix'fon;. for its 
tongue is too short to 
stretch llnougU to tlie 
iKjctar. 

.Many flowers of j)ale 
hue which court the 
attentions of moths only 
exiialc a fragrant odour 
in tin; evening, Avhen 
their giu^sts are on Iht; 
wing, and may even 
remain (dosed during the 
day. In this way th(;y to 
some extent escape tlie 
notice of undesirables. 

1 1 oneysuckle ( Lonicera ) 
may serA C as an example. 
There are also some plants wliich maintain 
a body-guard of ants to repel tho attacks of 
voracious beetles, but do no harm to tho ttow'cra. 
These plants belong to tJie dandelion order 
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(ComposUfr), and tlioy reward tlie services of 
their retainers by nectar, wliieh is secreted by 
the scales surrounding the heads of flow(‘rs. 

We have seen that many fruits are destined 
to bo eaten by birds or other animals, the 
strongly coated seeds escaping digestion. But 
it is necessary that such fruits slumld be ])ro- 
tected while they an^ ri[)ening. For this ]mr- 
pose many of them aie taiclost'd in ])riekly 
husks, as sweet chestnut {Castfinea) and beecii 
(Fagus) [180J. Still more commonly the unripe 
fruit is acid, bitUu', or ev(‘n poisonous, and is thus 
clTcctually shielded from nmst attacks. Seeds, 
Avlieii mature, are fre<piently so flavoured that 
they do not commend themselves as an artich^ 
of diet. 

CV^rtain other methods by which fruits and 
secrds are prot<H;ted have been already spoken 
of in the s(‘etion on “ Dispersal (page 909). 

The highest group {FleriiioplnjtPH) of the seed- 
less plants contains man^ familiar forms, among 
which h'rns and their allies {Filiviniv) take a. 
leading place. It also includes horscta l . 
{Equuetinte)^ and club-mosses {Lj/rojtodinte). 

Former Importance of Fern-liKe 
Plants. That part of the geological history of 
the globe during whicli we know positively that 
organisms existed is rlivahal into three great 
epoeliH — Primary, Secondary, and 'IVrtiary. 1’hc 
last and shorU‘st of these, nnIucIi inoludes the 
present ])eriod, is characterised by the dominance 
of pod-plants (dnf/io.s;>cr;/i.s)on land, while naked- 
8eed<‘d plants (Gyiuv os pernio) weri^ suiweme 
iluring the much longiT Secondary ejmeh. 
Before this, in the immense period of time em- 
braced by the Primary epoch, fern- like plants 
played hy far the most important part in the 
vegetation of the land. During a f)art of this 
epoch the (joal -measures of Britain slowly aeeu- 
mulated, and llu\v are chiefly made up of the 
remains of such plants, some belonging to groups 
which arc now entirely extinct, while others are 
represented at the present, time by species which 
are mostly small or even of insignitieant size, 

FERNS (Filicinaa) 

Tree Ferns [184]. The hot, damp forests 
of tropical and sub-lropioal rcgiori.s may be 
regarded as the head(piarters of tlie fern group. 
In parts of tlie southern li(*inis])here — nut ably 
Ceylon, Australia, and New Zealand- -some ftTns 
grow to the size of trees, and may even make 
up forests. They somewflial resemble palms in 
appearance, consisting as they do of a long, bare 
trunk, bearing a crown of feathery leaves. 

Parts of a Fern Plant. A fern plant 
of tha kind familiar in this country generally 
consists of an underground stem (rhizome), 
which may creep horizontally at some distance 
below the surface, as in bracken {Pferis aquilina), 
or may be obliquely embedded in it, as in male 
fern {Aspidium Fili.c-mas). The stems of other 
species are attached to the bark of trees, or 
find a home in the crevices of walls or rooks. 
Brown branching roots grow out from the stem, 
and serve, as usual, the double purpose of fixation 
and absorption of a part of the food. The leaves 
01 fronds grow in the contrary direction into 
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the air and light, and do the same work as in 
seed-plants. 'I’iicy are sometimes broad and 
nnbranehed, as in the hart’s-tongue {Scolopen- 
drium), but theii shape is commonly more or 
less feather-like [181]. N'oung fern fronds are 
rolled up in the sliap(‘ of a bishop’s crosier, and 
are thus enabled to force their way up through 
the soil without getting damaged. 

The Life History of a Fern. Probably 
every one has noticed regularly arranged brown 
patches on the hacks of fern fronds [181]. 
Kaeh of those is termed a sorus, and species 
dilfer considerably iieeording to the shape 
of sori and their lUcanner of distribution. 
In bracken they are close to the (Klges of the 
frond, and follow its outline ; in hart's-tongue 
they are long streaks diverging from the middle 
of the leaf, while in polypody {Poll/ podium), so 
common on tree-trunks, and male fern they are 
round patelu^s [see also 181]. A sorus may 
have no speeial investment, as in polypody, 
or it may h(^ eovered by a membrane 
{ivdusiu7n), as in male fern. In some cases 
there are speeial fertile fronds ot different shape 
from the otlwTs. upon A\hieh the sori are borne, 
inslanees luMiig alTorded by the hard fern 
{Bier In) urn honulr) and royal fern {Osmimda 
regal is), the latter being oiir largest native* 
species. 

Spore cases aud Spfu'cs. Examination ot a 
sorus under tliemi<‘rosco]>e shows that it ismade^ 
up of a number of stalked spore-cases [185], in 
wliieh are contained a naml)er of angular brown 
spores. A spore-easv* is of liiconvex shape, witli 
a thickened ring {avnu/us) running round the 
greater part of its margin. This band is in a 
state of tension, and when the spores are ripe it 
tears ojien the ease and scatters tliem in all 
directions. 

(terminal Ion of the S/x>res. The spores are 
cells of simple structure, and must not be con- 
founded with seeds, for, as we have already 
h'arnt, these are t)f very complex eliaraeter. A 
spore, too, is not, like a sei*d, the result of a 
process of fertilisation, but is asexually produced. 
Should it reach a damp spot it at once germinates. 
Its firm coats split, and two outgrowths make 
their appearance — a delieat e, colourless, root-hair 
which grows down, and a green thread that 
makes its way upward. But few spores are able 
to effect, their work of continuing the species. It 
has been calculated that, on an average, only 
one spore per plant succeeds in doing this each 
season. And if these little bodies were not 
produced in vast numbers, ferns would soon 
become altogether extinct. Wo should natur- 
ally expect that the germinating spore would 
groAv at once into a new fern plant ; but this is 
not the ease. It gives rise to a small heart- 
shaped, green expansion, the prothallus [186], 
attached to the soil by numerous root-hairs. 
Prolhalli may often be seen in quantity in greon- 
liouses, growing on the jnould in which ferns have 
been planted. The artificial conditions are very 
favourable to their production. 

Egg-or^ns and Sptrm-organs, Upon the 
under side of the prothallus, in its central 
region (the cushion), which is thicker than 




t84. Tree fern (i'yathea ineignii^). 185. Fern apore-cagea. 186. Fern prothallus. 187. Fern Rperni-orKiin. 
,188. Fern egg-organ In section. 189, Young fern. 190. Adder'a-longue. 


1117 




natural history 


its edges', be foinul a group of egg-organs 
[188], each of whieJi i-onsists of a basal part, 
embetkled in the prothallns, and containing an 
egg-cell, and a projecting eiirvcd region. Scat- 
tered about, cm the suiik side of the ])rolhallus, 
but restricted to its tliiini/ r [)art, are a number 
of very minute heunispherieal projections, the 
sperm organs ri87], in eacli of 'W'liich are pro- 
duced a (juantity of e,\cessively small sperms, 
sliaped like fragments of coikserew, ami beset 
with deljea,te threads of jirotopl.ism, in const ant 
movemeni . enalding tlui sperms to swim about 
in the film of moistur(! coveu'ing tlie ])rolliallii^. 

Fcrlilimtion. Within the mature egg- 
organ a sort of slime is produc'ed, which swells 
up and forces apart the cells making up the 
j)rojeeting ])ortion, so as to leave* a j)assage down 
to the egg-cc'll. Meanwhile, the ri[)e sp(*im- 
organs have been burst ()p(*n in similar fashion, 
and the liberated sperms swim actively ah'out. 
The slime whieh c)OZ(‘S from the (‘gg-organs 
exerts a ehemieal attract iim upon them, and 
sliouldasperm siieeeed in making its way dow n to 
an egg-e(‘ll it fuses with it. 'rhis act of fertilisa- 
tion is pr(*cis(‘ly Ciunparahle to the })roeess de- 
serihed under tlm same name for seed plants 
And it is ])artieularly int('r(*stiiig to noliia* that 
among the? Jowc-st of the latler tin* 

pollen-grain gives lise to motile speiins, inst(‘ad 
of growing out into the* usual pollen-tube. 

hecelopment of the Fertilimt F(f(/>cell. The 
fertilised ogg-eell at onec^ lu'gins to divich*, 
ancl soon gives l ise to a young fern-phuit [189), 
which remains for a time attached to the 
prothallns, hut ultimately drof)s ojf and takes 
root in the ground. TMie prot hallus now jx'rishes. 
Alternation of Generations. We scn*, 
therefore, that the life-history of the fern 
inehides two alternating stage's: (1) 'TJu) 
ordinary fern plant, wliieli ju’oduec'.s .*<pores 
asexually, and (‘J) the ])rot hallus, j)ossc‘ssing 
c'gg-organs and speiiu-oigans. We may (‘all 
these tlu> Sixne-ijiin ration and the Eijij-'joK ra- 
tioH, and show’ their relationsliip thus: 


This rc'Tnarkabh' ])li('noinc'nou is known as 
“alternation of generations,’’ and is typically 
seen in fern-like plants, mosses, etc., and many 
lower forms of plants. It is also eharaeteristie 
of seed plants in a soiiu’w hat modilied form. 

F£RN«LIK£ PLANTS 
Adder’s - tongue and Moonwort. 

These small and rather uncommon Ifritish 
ferns dilter in several ways from tlieir allies 
just described, for they possess but a single 
leaf, which divides into a sterih* and a fertile 
part, w'hile each spore-ease ch'velops from a 
group of cells, and not from a single one, as is 
the case in an ordinary fern. In the adder’s- 
tongue (0phio(flos8iim) [190]. the sterile part of 
the leaf has a simple outline', wliik* the elongated 
fertile portion is practically a mass of closely 
crowded sporo-casos. But in moonAvort [191] 
both parts of ti^ leaf arc branched in a fcathcr- 
like manner. 
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Water*ferns (Hj/dropteritJa ). Th(‘.so mako 
up a small but interesting group of little plants 
A\hich are either purely aquatic, or grow with 
SOUK: exceptions in sw ampy ground. 

Tiu'. lak(' qiiilhvort (/,s*or7(s* laeusirifi) [192] 
is found in this country growing at the bottom 
of mountain lakes, from North Wales north- 
wards, and looks at tirst siglit like a stoutly 
built grass. But it is in reality a relative of 
adch'r's-touLMif' and mooinvort, and if, during 
the summer, w(^ examine tlu' inner sid(‘s of the 
bases of its h aves, we shall tiiid that each of 
th(‘m h(‘ars a (■omj>aral iv(‘ly large spore-ea.se. 
As ill all the water-fcwris, these are of tw'o kinds, 
whieh respect ivi'ly c ontain small spores and large 
spores, and having regard to the fate of tlu'se 
Ave may call tlu^ leavc's Avhieh produce them 
mate spnre-l('nrf8 and jcmalc. ,s pore -lai res. For 
a small spore germinates to produce a minut(' 
mah' prolluillus Avitli a. singh' sperm-organ, 
Aviiile a female spore gives rise to /i rather larg(‘r 
femah* prot hallus. Avhic'h hears a few’ c^gg-organs. 

Of tlu' remaining mf'rnbers of this group, 
AAhieh an' mon* iw'aily n'lati d than (piilhvort 
to ordinary ferns, the tirst to be considered is 
salvinia |i93|, a small acpiatie plant, native to 
Sontii Kuropi*. It is enlirc'ly clevoid of roots, 
and consists of a st<‘rn la'aring two kinds of 
leaves, some Ix'iiig oval and floating on the sur- 
face', while llui (>lh(*rs arci finc'ly divided and 
submerged. The latter play tJie part of roots, 
and tluy’ an* also fertile, for at their base.5 are 
tound rounded sori containing large-spore and 
small-spore cas(*s. The* spores germinate within 
these* in mueli the same way as in quilhvort. 

Marsilia [194] grows in marshy ground, and 
is r( piA'sentcd by Enrojieiin ancl Australian 
species. There is a c^(^eping stem, from the 
niidi'i* side of Avhieh roots are giv(*u olY. Tho 
long-stalked leaves fork into a sterih; and a 
tertih* portion, the former tewminating in a blade 
Avhich is divided into four ]Kirt.s, and somewhat 
suggests wood-soiTcd in general appearance. 
Tlio fertile* section emds in a hard, bean-shaped 
_____ structure, which may bo 
1 Tcrtillsc'd called the npore- fruit, and 
( uji-wii contains a number of spore- 
eases, of whicli some enclose 
large and others small spores. When these? 
.are l ipe. part of the internal tissue of the fruit 
is converted into mucilage, Avhich swells up and 
splits open the lii m investments along ono side. 
The spores now germinate to give rise to tlio 
two kinds of prothallns, and the fcjrtiliscd egg- 
(•('lls grow into new’ plants. 

Pillwort (Pilulnria) [195] grow's in tlio same 
kind of places as the last-named plant, and 
is a European spech's occurring in Britain. It 
pOKRC‘s.ses a creeping stem Avith roots, and 
narrow leaves. Parts of their bases are 
modilied into rounded, brown spore-fruits, tho 
shape of AV'^hich has suggested tho popular and 
scientific names. These contain a number of 
sporo-cascs of both kinds, which are liberated 
by the swc?lling up of mucilage, that bursts open 
13ic fruit in a A^alvular fashion. The rest of tho 
life-history is much the s'amo as in marsilia. 

Continued 
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191. Moonwprt. 192. Quillwoit. 193. Salviiiia. 194. Marailla. 196. PilJwort (Pilularia). 196. Horsetail. 
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TEXTILES 

PRELIMINARY TREATMENT OF WOOL 

8 

Wool Sorting: its Theory and Practice. The Processes of Steeping, 

C'MiIImuoiI fimn 

Scouring, Drying, Teasing, Opening, Burring, Oiling, and Blending 




By W. S. MURPHY 


Wool in the Store. Wot)] coinrs t«> 
the factory in l)al(s weigh inu alxjiit 400 II).. 
'and contfuniiig from 70 to 00 ll(M*(*t‘s, aeeordiag 
U) the Bize and w(‘iirht of the singl(‘ il(‘ece. VW* 
oxj)OCt to find 70 or more llcencs in a Saxony 
hale, about an cqufd rnirnbcr in an Australian, 
anfl 80 to 00 in a (Oieviot bale. \V(‘ hav(‘ 
reviewed the broad field of wool supply and not(‘d 
the miTuerous varieties of wof*! ; hut in each one 
of tlmse vari(dies anothei' division must be made. 
One sheep, in tin* course of its existemx*, can 
produce four distinct classes of wool. These* 
elasses are: (1) Lamb wool; (2) yearling, or 
hogged- : (11) ewe, or wether ; (4) skin, or pe lt. 
For lamb wool the lambs are shorn at the end 
of the^ season in which th ‘V have* b(‘e n born ; 
he>gget or yearling is take*!! olf the ye‘ar after; 
wether woed is obtained from the she*(‘p in the* 
viNirs following ; p(*11 wool is de*rive‘d frenn the 
skin of the dead she*e‘p. 

(4nss 1 is finest but 
short ; class 2 is the 
best crop, being long 
and almost as fine^ as 
lamb ; class 8 is the 
medium quality; class 4 
is wholly inferior, the 
we’)ol being in all stage*s 
of growth. 

Theory of Wool 
Sorting. Before, un- 
dertaking to de*al with 
the fleece, we must 
ck*arly define our in- 
tention. Wool sorting 
is one of tlu^ few 
skilled handierafts left 
in the faetory. The 
sorttw's work ean n»*v(*r 
he done by any machine, 
because every slu^op 
grows on its back qualities of wool dilTering very 
much, and those qualities are sej)arahle only hy 
the skilled observer. From a single lleeee tine 
sorters are required to j)iek out as many as 
fourteen different qualitiiis of wool. It will 
be obvious that close observation, a ijuick eye, 
and deft hands are ni'^led for the work. 

Old-fashioned faetoiies still retain the tech- 
nical names for the various sorts nnw' dis- 
tinguished 1)3' numbers, w'oollen and worsted 
w’orkors having their owm special terms. The 
terms of the woollen sorts are: Pkkhclc (fore 
shoulder), choicest in fineness of fibre, clast iei 13% 
and strength of staple ; Prime (middle of bod3’). 
only slightly inferior ; Choke (back), true, but 
not so fine \n fibre as prime ; Super (loin), not so 
valuttble as choice, but similar in. general pro- 
ptrtii?ia ; /fmd, inferior sorts of wool derived 
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from that part t)f the sh(*cp ; Doivnrighf't, 
cl(‘ri\T*cl from the lower sides ; ASVror?r/.s*, from th(* 
throat and breast ; Ahh, llu* skirtings and 
('doings of the fle(‘ce ; flreerh^ short, coarse 
hair from the hinder parts. 

Worsted ni(*n have* this classification ; JHm\ 
from the neck; F/ac, from the shoulders; 
Neat, from the middh* of the sides and 
back : lirown-thnirimj , from the hannehes ; 
Pritrh^ from the tail and hind legs ; Cnw^tait, 
Avlien the l)rt*eeh is v<*ry strong ; Prokfi<. 
from the belly and lower part of the front 
legs, classed as .sw/prr, middle, and commov, 
ae(*ording to quality. 

4’he th('ory on whi(*h sorting is l)as(*d involves 
an important assertion, lbnnd(*d on (*xpencnee. 
Oiir ass(*rtion is that wool taken from the 
saim* plaet* in Ik'cees of tin; same quality will 
l)(* found e(jnal in evc'iy resp(*et for ])raetieal 
pnr|)Oses. I’he value of 
that idea ean hardl3' 
be estimated. We*, can 
get only a small quantit3' 
of w’ool of one quality 
from one flec'ct*. Evcni 
if a whole lleeco were 
of one (|nalit3\ a singlo 
ll(*(*C(* do(‘S not make a 
wel) of cloth, and fh'eoes 
cl i Her grcnit ly By at lopt - 
ing this principle, wo 
get a number of uniform 
qualities of W'ool from 
each fleece, and the 
same cpialities from an 
endless numl)or of 
fli*ec(\s of the .same 
kind. 

Scientific Sorting, 

With snob a wide range 
of material upon which 
to work, the sorter has not the pow'or to obtain 
complete uniformity of treatment ; but the 
trade; has adopted two modes of classification 
w hich fairly cover all practical needs. The one 
method is generally used for British breeds, and 
the other for Merinos and similar kinds. Let us 
take the stronger’ class first 134]. 

1. Shoulder, Long and fine wool, growing 
cl(.)se ami even. 

2. Side. Stronger, but otherwise equally 
good. 

X Neck. Short, but fine, liable to l)c mixed 
with greyish wooj. 

4. Park of neck. Inferior. 

5. Top of fore shoulder. Fanlt3' and in’cgular, 
but of medium quality. 

fi. Loins and hack. Rather coarse and short, 
but fairly true in character. 
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acts chemically, for the most part ; and, secondly, 
that wet wool felts and knots very readily. 
Simple as these facts appear, they have not 
been ju'tod on by many would-be inventors of 
scouring machines. Taking a model from the 
domestitr washing-tub, it has seemed to them a 
splendid thing to pro<liue a scourer that would 
mak(* a lot of splash and soapy siids, not knowing 



woven wire, the smooth surface of which gives 
an even base to the heoce, while the meshes h^t 
through the dust and rubbish, which is drawn 
away by exhaust fans, through a wdde tube, 
to the dust-pit. Jjft the H«‘eee Hat. and 
lay it wool side undtTmost on the bench. 
Set the wool basked s round, those for the 
higliest qualities nearest to the hand. Now 


take the big clipping sliears, and remo\e aiJ- 
hering skin, tar-marks, ?•oug}l edges, dog.s, and 
other exeresceiices ; then shear the Hcece into 
tw'O halves. f.,ay the half, wool side up, aeross 
the Inmeh, head and tail, and sort out the 
various qualities, following the one table or the 
other, a(‘eording to the kind or quality of fleece. 
In gripping, s<m^ that you tak<* tlu^ wool away 
clean, because in some parts th(‘ quality of w’ool 
very suddenly alters Crom low to higli, and 
mixing is fatal. 

Wool Steeping. High-clas«< Heeces, such 
aa Saxony ami fine Botany, may be sent direct 
to the seouring macliirK'S ; but wt* are <*ugaired 
cliiefly <»u stuff that is not first -class. All w ools 
of average quality are usually very dirt y, and tluj 
wool manui’aeturer is jirmlent who makes pro- 
vision for steeping his wools before scouring. 
Htwping is a very simple o})eration. the object 
l)eing to take away tin* rough dirt and to soften 
the matted staples. Variou.s m<dh()ds of stcM'p- 
ing have Iwen adopted, the simplest being a 
bath with a ynudorattHl double bottom, with 
wide meshes, which let the dirt fall through to 
the bottom of the bath and retain the wool. 
When the w'ool has been sttx?ped long enough, 
and the water let off, it is roughly dried by being 
])a8sed between a pair of rollers Tlie best steep- 
ing arrangement w e have seen is highly ingenious, 
and so contrivt?d that the water jxmetrates the 
mass of w'OoI from below, and maintains a 
circulating motion. Tliesc machines are easily 
managed, and require no detailed instnictions. 

Wool Scouring. This is one of the most 
important operations in the pixjparation of wool, 
and calls for detailed at tention. Many a blemish 
has appeared in yarn which remained a mystery 
till the explanation was found in the scouring 
troughs. iVo facts t nst always be kept in 
mind by the w'ool Sooafer — first, that a detergent 
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that w'ool s[)lash(*d about gather.s into knots and 
strings no man can unravel. The aim of the 
scourer is to permeate the wool with an eO’cetive 
detergent, with as little movcimmt as may be 
])ossil)le. Ho must, ()f cour.so, uso a machine, 
and we should find one which will economise 
seouring iiigredi(‘nts, take the wool throi^h 
comparatively fr(‘(‘ and open, lot away the dirt 
readily, and deliver a clean wool at the end. 

A good many scouring machines have been 
invented, but the mod(‘l most gencM'ally used [86] 
is a coml)innti(m of forks or pikes working the 
wool - through a serie.s of troughs filled with 
seouring liquor. Let us suppose that W'e have a 
scouring machine (K) ft. long and over (i ft. 
broad, divided into thrt^e troughs by movable 
compartments, in which are perforated false 
bottoms 0 in. above the real bottoms. Hung 
horizontally across the troughs arc rows of long 
forks, automat i(ailly moved by gearing in the 
of th(^ machine, and between each trough 
a lifting and sqiu'czing apparatus for transferring 
the w^ool from one trough to the other. This 
machine Avill do fairly good work, but it must 
have the proi^r ingredients to work with. 

Scouring Liquors. Water is the vehicle 
of our detergent, but the detergent itself may 
be potash, carbonate of soda, silicate of soda, 
ammonia, or soaj). Carbonate of soda gives a 
harsh feel to the w ool ; silicate demands a good 
deal of careful sousing, to clear out the hard 
silicate ; and ammonia is very nice, but rather 
weak for most w^ools. We advise the following : 
First trough, 6 gallons potash soap mixed with 
l)earla8h ; second, three gallons potash soap and 
pearlash in small proportion ; third, imre, warm 
water. For coarse wools the water should bo of 
a heat ranging from 90° F. to 130° F. ; for finer 
wools, from 120° F. to 142° F. The gradation is 
from strong liquor to pure water. As the strong 


TEXTILE TRADES 


liquor trough receives the wool first, it must 
)>fH;ome foul lirst, and it has been found a (irofil- 
ablc plan to (‘lupty the strong liquor o\it avIkui 
it has become too dirty, run the second trough 
into the first, and the third trough intt) (he 
second, make up the lirst and second to tlie 
required strength, anil (ill tlie third again 
with pure water This method economises 
potash, water, and labour. 

Scourer at WorK. Having got tlu‘ ma- 
ehine into working order, we put tlu* wool on a 
feeil-lattice that bi'ars it forwai'd into the stiong 
scouring liquor, and there it is wav(‘d gently to 
and fro, whik‘ being broiiglit along inch by inch -- 
the liquor sajjping through it mi'anwhile to llui 
end of the trough. Here tlu' wool is automatic- 
ally lifted on to a board, and drawn i>etwccn two 
heavily clotheil rolku's, which gently press out 
the supmfluous liquor, and <lrop it into th<5 
second trough. Ingeniously d«‘vised buckets, 
like ck'vators, cateli tin* stjueczed liijiior and lift 
it back into the lirst trough. 'I'hrongh trough 
number two tlu^ wool juaki's the same slow and 
steadj'^ })rogress, and tlam is ])lung(‘d into the 
warm -water trough, in which it is gently souscil 
free from cleansing liipior, to be tirmly .squ(‘(‘/(‘d 
in th(^ drying rollers. Tluaice tlie wool must 
be taken to the. drying apparatus. 

Utilising Waste Scour Liquors. 
Analysts of raw wool shows that one-third of the 
W(‘ight of raw wool is made uji of yolk and grease. 
In the scouring process tliis substance falls to 
the bottom of the. seouring-trough, and impri^g- 
nates the scouring li((ui<l. When muptying th(3 
trough, we sim])ly pour tiu* whole lot - waste 
li({uor and n'siduum — inio large sc'ttling tanks. 
From the first si'ttling tank, in which the hanl 
dirt drops away, the. ]i(pior is pumped up into 
the liiglu'st of a series of .s<qtling tanks. Hero 
tho liquidis scoured by the addition of sulphuric 
acid, and healed by the injection of steam. 
The acid separates the grea.se from the soda, 
and three distimd; layers form in the tank — the 
grease on the to}>, the watia- and suspended 
acid and soda, and a mixture of t*arthy mattiu's 
and grease at the bottom. From thi’ suiiacr the 


tlu‘ grease is tran.sh'rred to the hot press, 
in which, under sti^ain, the oily substance 
is melted out, and escapes into a tank, where it 
is taken ])ossession of by tlie i)uriil(*rs, who ladle 
if up into a lead-lined vessel, search it thoroughly 
>\ith strong sulphuric acid for rcuuaining traces 
of water, ami then barrel it for sak' undiT the 
name of “ Yorkshire grt'ase.” In all this we 
e.vliibit the principle only of utilisftig the 
liquors; the imTliods art* various. 

Drying Wool. Before wool can be taken 
a step further it must be thoroughly dried ; all 
our machinery presup|)ost‘s a jicrft'ctly dry 
material. I'wo drying machines arc commonly 
iistal, though some, factorit's have drying rooms 
specially tilti^d up on prim‘ipl(*s almost as varied 
as the number of tluan permits. 'Phe older 
machine is a roof likt* wire fraim*, within tin* 
triangle of v\ Inch are two sets of fans on nnolving 
spimllcs, ami two jiairs of liot steam jiipcs. In 
tile ape.x. of the roof are two funnels. On tlu^ 
wir(‘ sitles of tlie frame flu* w(‘l wool is laid in an 
«‘V(‘n laytM*. Steam is stait into the pipes, and the 
fans s(‘t r(‘v<fiving. As they rtw'olve the fans 
cause the air to eireulate down through the 
fiinm*ls, round flu*, hot pipt s, ami up through the 
wool, 'riieoretically, it seems all right; hut in 
practice the niaeliine has d(‘feets. espf'cially in 
work requiring spi'cd ami uniformity. For one 
thing, till* lower libres g(‘t an undue share of both 
lieat and air. 

.\ West of England man named ^looro, px])rri- 
cneing flu* defects of the maeliim* described, in- 
V(*nled the m‘wer tme. It is a highly ingenious 
eontrivanee, though rather elaborate. Picture 
a large box, witli doors at each end and two 
funnels from the to}) lea,ding out to the roof, and 
1h(‘re erowm*d by (‘xhaust fans. Such is the 
external as}>ect of this dryi*!*. Having our wet 
wool ready, we o])i‘U tiu* fore-(*ml door, and 
8ee inside a long row' of rollers revolving trans- 
verselv betw'ceri a douhli* s<*ries of steam pi|>es, 
one st'i'ies abovi* ami the other below', find above 
the higlier range of ]>i})es another row of revolving 
rollers. At the far end, its spiked rims almost 
touching tlie whole struetuie, tuius ahugi* wluiel. 


grease is skimmed off, and the I'est of the eontt nts 
run dow'ii into the tank below’, w here the })ro(as ; 
is relocated. Here, however, we make an t‘lTort 
to lacover our scouring acid, and .succeed by 
raising the temperature of the liquid ami adding 
more acid. Each element sejiarates, 
and is drawn off by stopcocks at 
different li*vels in 
the side of the 
tank. Tlie recovered 
potash again 

the ^ 

troughs. 

Having got tlu* ^ 

grease, our next business 
is to mak(* it fit for the 
market, because it is still 
dirty and mixed with Bi 
water. First, the soft 
masses are run into a slip press and 
freed from as much of the water as 
oun be squeezed out ; secondly, 
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We fa'd in the wool, and it travels like a fluffy 
snake along the lower row of rollei's^ to Ih; 
dragged off and cast up on to the row of rollers 
above by the swiftly running wheel. The action 
of the top rollers brings the \vool back along the 
length of the mju;]iin(‘. and it drops down at the 
miar end to 
resume its 
jouriK'y again. 

'riie aii driv(‘n 
from th(? fan"*, 
andh(*ated ))V 
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wool. Sufficiently 
be freed from the 
the door at the 
opened, and the 
el throws the wool 


the steam ])ipes, maktN a warm <lraiiglit of air 
go through the travelimg 
dry, the wcjoI must 
eirede. For this ]mrpos(‘, 
hack of the machine is 
Hinging action of th(^ wIum 
outw'ards on to th(^ ff(.)or. The batcli of 
wool may weigh 100 Ih., and the time taken is 
about 20 minut('s. The side elevation and cross- 
section of a new and iniprov(‘d model of this 
machine, made by Messrs. Wlnteley «& Sons, 
Idmitod, of Loc'kwood, an* shown in 37. 

Teasing Wool. The clinging jiropcrties 
of wool are very conveniiuit in making threads ; 
but we lind these- v(*ry ijualities ratlu'r trouble- 
some in the raw wool, t'rinkled and serrated, 
tho fibres hold t(»getlier in tufts, an<l no amount 
of scouring can effect a separation. Jlut part<*d 
they must lx*, or w(! can make no yarn. Kach 
fibre, indeed, should be singled out and j)ut into 
its place. When it is considered that 4,00t) 
tibres of tine merino wool can grow on a square 
inch of skin, tlie intricacy of the mixing may ho 
imagined. For picking out and separating the. 
combined fibrils w'O have along series of machines, 
graduating from a simple tcaiing apart to the 
detailed direction of Uie individual fi fires tow'ard 
their places in the long filaments we name 
yam. 

Opener, (hir first w*ool- teaser is called 
the ojxner, and it resembles closely a machine 
of the sanrn luime used in the cotton factory, 
although tfH5 two distinct and call for separate 
description. Several makers have put forward 
new and, in some cases, improved openers, but 
after we have learned to work thti ordinary 
machine, the otlKirs will present no difficulty. 
The working part of the opener [38] is hidden 
under its strong iron casing, but w'e must look 
undegjj^i^j^n [39]. In the centre is a large 
cyjlijiB^ IMtid abo\t> it two small cylinders. 

largo cylinder iron bands*- are fixed, 
^ bm each band spring two rows of curved 



teeth. On tho little cylinders we see long iron 
spikes set like formidable teeth in the jaw of a 
terrible monster. By giving the wheels a turn 
wc can observe how these things work. The 
motion of tin? large cylinder is quicker than that 
of the small ones, and the movement of the 
former is from right to left, while the latter turn 
from Itfft to right. Observer, also, that none of tho 
teet h come into direct contact. A fan at the back 
sends a strong current of air through, drawing 
away the light dust ; bent'ath the cylinders is 
a w ire grid over the receptacle for refuse. The 
cnx'per hand in front 
cmnpletes the machine. 

Lattice Creeper. 
Before going further, let 
us explain the feeding 
(•( )ntri vance const ant ly 

listed in many textile 
machim^s, and often re- 
ferred tf>, hut seldom 
described. Tf you hice 
a number of flat strips of 
wood together so that 
tliey form a band, join 
th(5 ends, and st retell ()V(*r tavo rollers, you have 
what wo call an endless lattice band oi* creeper. 
Obviously, if tlie ioll(*rs revolve, the hand will 
move forward, and anything placed upon it 
must also ho borne in tlie same direction. This 
is the feeding apparatus on most textile 
ma(duni‘ry. 

Opener at WorK. Pile the dried 'wool on 
the lattice cri't^per, and set the machine going. 
As the wool conn‘S through thofiuted food-rollers, 
llio curved teeth of the cylinder bear it away ; 
hut the little eylind(*rs slowly turn above, and 
pick the w'ool out of the teeth of their big neigh- 
bour with their long spikes. As the large 
cylinder travels at ten times tho speed of the 
small ones tho pull hetw’een them is very great; 
yet, because, the one sot of teeth does not ent/cr 
tlio plane of the other, there is no positive 
drag, tho cyliiuhirs parting, as it were, the tufts 
between them in an amicable spirit of division. 
Tims tho tangled looks of wool are opened out, 
and at the same time, by tho beating, dragging, 
and w hirling, combined with the blowing of the 
fan, the dust yet adhering to the fibres is driven 
out. 

Burring. Fed among grass and quick- 
seeding plants of various kinds, sheep gather in 
their coats an incredible quantity of those 
clinging, prickly seeds described comprehen- 
sively as burrs. Scouring and opening do not 
clear the wool of these things, and many of us 
have been seriously puzzled to discover what 
would. Leave but a few fragments of those 
insidious little seeds in, and they will appear 
in the finished cloUi as a surprising multitude of 
pins, almost invisible, but horribly sharp. 
Two methods are adopted, and both are ad- 
mittedly imperfect, for opposite reasons. Chie 
is what is called the extract method^ lii which 
sulphuric acid is used to destroy «dl vegetable 
matters ; it is effective, but the texture of the 
'wool is deteriorated. Tho other method' >iiEi 
mechanical, by means of the ^urnhii; UMhiho 
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[ 40 ], and this is admittedly defective in that it 
does not infallibly clear out all the fragments of 
seeds, but it has the merit of preserving tho 
quality of the wool and forwarding the manu- 
facturing process. When we deal with tho 
utilisation of waste, the chemical met hod 
of treating wools for burrs will lui detail'd at 
length. At present we proceed with the 
mechanical method, which is in the direct lino of 
our advanc(i in preparing the fibres. 

Burring Machine. If any machine 
was ever dt^vised with strict attention to the 
end in vu‘W, it is the burring nia.ehi?U‘. Kvery 
part of the contriv.ance is direct(‘d to two pur- 
poses, one to disentangle tlu^ tibn^s, and tlu' other 
to throw up the burrs so that they can l)o cleared 
off easily. On this account alone it is wcu’tliy 
of detailed study. In front tluue is the usual 
liHMl-lattiee, wliieli eairies tln^ wool forward to 
the two fluted f(*e(brollers, and beyond, (piite 
inside tlu! machine, is the lieker-in, or revolving 
fan. Tlie latter mer(‘ly lu'ats the wool down 
on a travelling lalt iec'-sheet within the machine, 
which (•a.n*i<‘s it onward to wlu'Hi a roller- 
brush is running, and this swiftly revolving 
brush lifts the tiluv^ on to the Ciuitral cyliiuh^r 
arme(l with luaalle-poiiit^'d ste(‘l i»lal<‘S, pn;- 
Hcnting serried rows of small teeth. Borno 
swiftly round on tlui central eylindcT, the 
tibres eonu^ in contact with the two spiral- 
bladed burr rollers and tlio ledg(‘r blades, 
whicli, acting and n^icting, open out. tho 
wool and draw off die fmrrs. Thence, the 
loosened fibres are taken by a large roller and 
beaten firmly against a grid, to (^xpel the last 
f(!\v (“linging particjles, and lot off again on to (he 
large cylinder, behind 'which runs a swiftly 
<lriven linisli, aKvays kei'ping fliat side of the 
<*ylinder clear, cleaning off the wool, anddropping 
it into the box at the end of the 
machine. 

Blending. The wool is now 
rcfidy for blending. We saw at 
the sorting bench how a single 
tlec'ce yields fourteen <lilforent 
qualities of wool. By supposi- 
tion, however, all this batch of 
wool we have been treating has . 
been taken from one sorting 
num ber — say, Number 1 , Botany, 
or Australian merino. This 
makes our task of blending a 
comparatively easy, but by no 
means a superfluous, operation. 

Select and breed your sluaq) ever so carefully, 
each sheep will have its own individuality 
and peculiarities. Siiperlicially regarded, tho 
members of a flock of sheep appear very much 
alike ; but if you watch a shepherd at work, 
you will be astonished to discover that hi‘ knows 
nearly every individual sheep. Careful ex- 
amination of the wool before us Avill enforce the 
same lesson. Though belonging to the sanio 
class, those wools differ in a marked dt'gree, 
and no ingenuity of selection can alter the fact. 
It is a well-known fact that by combining 
differences an average is produced. That is the 
object of blending. 


At this point, however, some wmrds of 
explanation are nceossary. If there. Avere no 
BU(;h entities as money and markets, our 
procedure Avould he unchallenged. If cviuy 
kind and class of ayooI wert' used unniixial to 
produce the yarn and class and kind of fabric 
for which it is best suiteil by nature, textile 
manufac’itun^ would be a much easHM* pro- 
fession than it is. There are. many blends, 
wdiieli may be roughly classed under these 
beads: (1) Different w'ools ; (‘J) wool and 
.silk ; (I^) w'ool and cotton ; (1) wool and ba.st 
tibres, such as Max, licmp, and jute ; (5) w'ool 
and wasti* tibres, such as noils, shoddy, mungo, 
and extract. 

Mixed Wools. The main reason for 
mi.ving wsiols is the eomjmDidn put upon 
iiianiifaeturers to firodius'. given founts of yarn 
at low pri<*es. Tho Ihietual ions of th(^ raw 
Avool market largely alleot the Avool-bkaider's 
work. When New Zealand Avool was selling 
at 44rl., in the teuiplation to mix in 

lower class aa'ooIs Avas small ; hut whim tho 
average price ros(‘ to ovi-r Sd., the position 
became wholly different On that sid(‘ it is im- 
])ossible to b(‘ di'finile; every season bring.s its 
own peculiar jirobhans. But in ri'gard to the 
Avools thems(‘lves clear rul(‘s must, be ubs(*rved. 
In our table of wools avc bavi* givam the highest 
counts of yarn into Avhieh t.lui various wools 
can be spun. 'Phe firu'.st of line Leie<‘ster can- 
not. Ih^ spun to a higher eounl than 70, and most 
manufacturers consider .70 as high as should be 
attempted. To mix that wool in for a higher 
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count of yarn is to fail. The* safe rule i.s to blend 
nearly related avooIs of similar ebaracter- 
soft Avith nearly soft, tine with line medium, 
carding with carding, and eomhing Avith combing 
wools 

Wool and SilK. Before b(‘ing brought 
to the hkmding-room tho silk Avaste should he 
thoroughly jirepared. It is perhafis most 
important to see that the limgth of the silk 
fibres dcx'.s not too greatly exceed that of the 
wool staple. Next to that is the* question of 
colour, the silk, in the ease of mixed colours, 
always making part of llie griumd or main 
body. 
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4J. C()( KSiH'K TKASEK, WITH OILING APPARATUS 


Wool and Cotton. For a lonsj time 
tlMM)retic* clini(Mi]tii\s wore ooiittantiy boin^ 
raided to tliis mixture, while aetual practioe 
f^howod goofl rc^sults (/oar.se wools oannot 
combine with cotton, U^cause tluire is not in 
cotton a correspond in jT w('itrht or tlnekness 
of fibre. Very iiiH‘, short wools, such as the 
best merino, mix well with <‘olton. Ecpial 
quantities of both fibres produce the best results, 
and the blendiny should be very iritimat(‘. 

Practical Blending. Wool blending is 
a hand proc^ess, for the. mo^t pait. d'he wool 
is Sjuvad out on the tloor in thin layers, one 
layer al)Ove the otlu‘r, till, the whole luit.<*h 
stands a square mass. 'I'he wider tlu' <lilTerenees 
in the mixtun*. the thinner slu)uld la* the layers, 
so that the mixini; may la* more intimate. Nt)W 
take a tine lake ami rake 
down the stack, takin.i^ no 
wova than a thin vertical 

whole has been mixed. * , 

***. I'l'tW' 

b t o 11(1 M fi n (I ' ■* 

llioorics of 4j cocKsri'ii tkasku, \v 

blend in (I far 
bevoml flic scope of our sludj'. 

Oiling. Wlten seouriiie the wool, w’e 
deliberately took from it the natural oil or 
grease*, and now it i'“ m» bare and harsli that wi^ 
cannot make miieb use of it. fn the niaehincs 
used up to this point , the fibre has l)(*en treated 
gently, tearing {iiid severe dragging being 
])artictdarly avoiihH.!, ihit wool cannot be 
formed or made into yam by such soft f)er- 
miasions. We must put it through the seril»bler, 
at l(‘Hst, whose inyriatl teeth will drag and pull 
with vicious insistence. '^I'lioso scaly serrations, 
upon which so much of the value of the lihro 
. (lo|K^nds, must. * left ban*, l)e broken and torn. 
Olive-oil is the l>c*st and, we believe, finally the 
cb(*apest lubricant for wool. 

Oil Spraying and Teasing. The 
“ Fcarnouglit ” (41] is worthy of special note, 
because it is the first and simplest of that class 
of ma(‘hines named carders, willi whicli Ave 
shall have a great deal to do. Jly carefully 
observing this contrivance we ))re}>jire ourselves 
for under.st a tiding t!;o mon? coiiqilex carding 
machines. In main struct ure the “ Fea mought 
consists of an iron frame supporting a f{‘cd- 
lattiee, a central cylinder, a series of small 
rollers revolving over the cylinder, and a fan 
cylinder at the end. Let us examine the 
relations and cliaracter of these. 

On the surface of the Jargo cylinder spikes, 
8haf)od like dog s teeth, form diamond squares 
about an inch in area, and similar teeth are on 
the small rollem, while two rows of straight 
teeth stick out from tlu^ edges of the wings of 
the cylindrical fan Note now the rollers ; 


they alternate large and .‘imall, the large being 
called Avork(»rs and the small the stnppers. All the 
workers arij geared together, and a separate gear- 
ing connects the strippers, the latter being re- 
quii-i^d to revolve much more quickly than the 
former, for reasons we shall understand prc^sently. 
Over the fore-end of the machine is the oiling 
apparatus, Avitli oil cistern and sjjraying distri- 
butor, oiriciently controlled from the machine. 

J>ay flu* blended wool on the feed apron. As 
it moves slowly forward in a thin layer, the 
spray of oil passes over it like a softening 
vapour, and the wool is drawn in by the feed- 
rolliTs, the. lower one of which faithfully presents 
the libres to the large cylinder, while the up|)er 
tuie, like, a gr(*(*dy agent, wraps a portion of the 
stuff round itself Jhit a stripper roller is geared 

^ above the feed-roller, and it 
juic;kly rives aw'ay the spoil, 
to acliver it again to the 
cylinder. 

k ^ ^ 

worker 

roller, 
volving in 
the 

iMit more sIoaa^Iv, 
pull.s llu} Avool from 
■*' " the breast of the 

cylinder, and winds 

’ll OILING Ai'CARATLs itsclf. Onoe 

again a stripper 
ally of till* big, s})iky w’hi*el interferes, digs its 
long teeth into the teeth of the worker, and, 
b(*ing tlriven at greater speed, pulls away the 
wool and swiftly suri’end(*rs it to the cylinder. 
Thrice the triple action is repeated, worker, 
strippc'r, and cylinder drawing and leasing out 
the wool and at the same time making tlio 
mixing more intimate. 

Meanwhile the fan is doing its double w’ork, 
driving with its .swiftly Hying blades all the 
ivmaining dust out of the fibres, and at the same 
tiihe doffing the teased wool from the cylinders 
with the straight teeth fixed on the edges of its 
flanges or wings, and throwing it into the 
rceeplacle. 

Three principles are at work here, and can be 
more easily viewed in this simple machine 
than in any other. First, there is the principle 
of directly op])osed force, which is probably the 
first movement in mechanical effort. All hand 
tools are sim])le examples of the principle. 
But instead of acting as one of the 
opposing forces, the. wool manufacturer gets 
three sets of j)ower-driven rollers to do 
it for him. The second principle is dif- 
ferential motion, by which bodies moving in 
the same direction at different speeds react 
upon each other or on the agent lx)tween 
them, sucli as the wool in the present 
instance. The third principle is that of cen- 
trifugal force, the magnetic power developed 
by the revolving bodies causing the wool 
to cling and remain within the little round 
prescribed. 

Continued 
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By HERBERT J. 

INTEREST 

120. If a person I'orrows nioiu^y, lie usually 
pays sometliin^ for tlw^ loan. 'Hie sum of money 
iiebomnvs is ealledtlio Principal; the inotK'y he 
pays for the use of the j)rineipal is called //dm.sY. 
interest is generally reekoiu'd at so much for the 
us(? of (‘ach £]()() for one year, 'riiis amount is 
(‘ailed the Rale per Cent, per Anmnn. 

'riius, if we say that £200 is hoirowed for 
ihiee years at 4 ])er cent. ])i‘r annum, we nman 
(hat the borrower, at (lu^ end of ('arb y(‘ar, 
pays tb(j lend(‘r £4 for ea(“h £100 borrowed— /.c., 
is inter(‘st for (‘ach year. 

In the above example, wluu’e tb<‘ interest 
is su])poscd to be paid to the lender at the end 
of (‘aeh year, it is ele.ir (Ijat tlu^ int(‘rest is 
])roportional to the. nninlHM- of years thal is, 
llu; interest for two y('ai's is Iwiet* the irdcavst 
for one year, the interest for sev(‘n years is seven 
times that for one year, the interest for one 
month is that for one year, and so on. 
Interest thus reckonixl is called Simple IntcreM, 

If, howx‘V(.‘r, the interest at th(5 end of the 
first year is unpaid, it is added to (lu* j>rin- 
eipnl and thus forms a new prineij)al for tlui 
second year. (’onseC|Ucntly, the in((‘re:;t for 
this second year Avill i)e more than tlu' int(‘r(‘st 
for the firs! year. When the interest is added, 
year by year, to the ))rincipal, as it Imxouu^s 
due, th(* moiu'y is said to be lent at (\>m inmud 
hit^'ccsl. 

'Pile sum obtained by adding the inttu’est for 
any given tinm to the principal is called the 
Amount in that time. 

121. Sup])ose we hase to find the simple 
interest on £420 for threes years at f) per cent, 
per annum. W(^ can obtain the 7*esult by 
means of “compound proportion.” 

(i.) We are reijuind to find interest. H^ net*, 
C5, the interest on £100 for one year, will be 
the third term of the proportion. 

(ii.) We next ask, “ If the interest, on £100 is 
£r», will till! interest on £120 be mori! or 
less?” — whence we. obtain the ratio £100: 
£420. 

(iii.) “ If the interest for one year is £5, wull 
tho interest for three years be more or less V” 
—giving the ratio 1 year : 8 years. 

Thus, the statement is : 

£100 : £420 ) . . ..r u i i < ♦ 

1 yr. : 3 yr.) ^ ■ r-equiml Inlcrc.st. 

, j . . £r) X 420 X 8 

.. Interests- . 

Hence, wo see that 

TtifoTogt X X 1 yearn), 

lob 

or, in other words, to find the simple interest 
multiply the principal hy the time expressed in 


ALLPORT, M.A. 

/ifars, and hy the rate per rtul., and divide the 
prod net hy 100. 

Kxamph* 1. Find the Simple Interest on 
£102 lOs. for four years at 8.’, piu’ cent. 

Int(‘r<‘si . 

100 

18 

- ^ 7 

2.^2.“ too ' 

4 

Sound iines it is inori* eonvenient to arriinge 
th(! work as follows : 

Kxampl(‘ 2. Find the amouul of £84.‘) Ids. Id. 
in Id montliK at 2J jieremt. Simple Interest. 

£ s. (1. 

4)845 Id 4 

SO S JO 

2)482 4 2 Fxi’Lana’11(.>n. Id months 1| 

2 .years. Write down the prinei- 
”lib4 S 4 one iiuarti'i* of it, 

210 2 1 £182 4s. 2d. Multiply 

llUh l HI .) ](|^ Divide |,y 100 

jArt. 25 1. d'lms. the interest is 
£10 l()s. ijd., and Amount -- 
Interest I Ihineipal. 


804 S 
210 2 
£10 SO 10 
20 

fin Os. 


Interest 

lVin(‘ipal 

Amount 

122. Since. Interi'sl 
100, it follows th 


£ s. d. 
10 10 1 
8 Id Id 4 
£8d0 II d 

Prineipal - 
at if we ar 


. 1 us. 

Balt! A Time 
given any 


: 100, it follows that It we an^ given any 
three of the four ijuautities — interest, principal, 
rate, limt! we can tind tin' fourth tpiantity. 
In the last article wt! considt'nnl tht! case in 
which inlercst Avas the tjuantity to he found. 
We shall now work examples illustrating tho 
other three eases to Jinil the rate*, to tind 

till! time, and to tind tho iirineipal. 

Fxamplo 1. At Avhat rati! per eenl. will tho 
Inten'st on £l7d for 4 yaairs amount to £24 10s. V 
Either., hy proportion, find tho intiTi'st on 
£100 for Tyear (A\hieh is the rcfpdred rate), 
knowing that the inten'st on £l7d for 4 year.s 
is £2 1 It'S. Tims 

£I7.'» : UOIIj , UiMiuired KaU-. 

4 yr. : I yr.J 

Rato 241x100 _ 3JO. 

1 /d X 4 2 X 1 1 X { 


dw..v. 


Or, find the intere.st on £175 for 4 years at 
1 per cent, and divide tho result into the given 
interest. Tlius — 
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Interest on £175 for 4 years at 1 per cent. 

_ 1^5X4 nj 

ioo ■ '* 

Required rate — = 3J‘’o Ans. 

X / 

Note. If ^VG are given the amount instead 
of the inter esty we must first find the interest by 
subtracting th(^ principal from the amount and 
then proceed as af)ove. 

Kxiimplo 2. In how many years will £175 
amount to £M)0 10s. at .‘I A per cent. ? 

Here, interest — £11)0 U)s. — £175 - £24 10s. 

We now find tlie intiu-est on £175 for 1 year 
at p(‘r cent, and divide the n'sult into the 
given interest. 

Interest on £175 for 1 year at 3 A ])er eent. 

075 x^ 7x7 

100 “2x4 ^ ' 

Hecpiired number of yi‘ars 

£24.1 : t 
41) S 

— - ’ X ‘ - 4 V(‘ar.s d//A\ 

2 41) " 


Kxamplo 3. Hind the Principal whi<4i will 
amount to £11)9 JOs. in 4 yi^ars at 3A ()er eent. 

'Pile interest on £100 for 4 y(‘ars at 3A per c<mt. 
- 4x:U-:£l4. 

.*. £100 is the principal, which ainoimt.s to £114 
in 4 years at 3.1 per e(*nt. 

Hence wo have the following proportion ; 

£114 : £199 JOs. ; £100 : Required Principal. 


p j T> • • 1 £100x199.1 

Re(iuired Principal-- i-. 

114 


25 7 

^ W X 

^ X 


£175 .4w.?». 


Tf wc are given the interest, instead of the 
amount, we proceed in tlve same way — I'.r., wo 
find that the interest on £100 for 4 years .at 
3J^ per cent, is £14, and tJien we know tliat 
£14 : Given Int. ; ; £100 : Keqd. Principal. 

123. If the time, for which the interest is 
reiiuired, is from one given date to another, 
such as ‘‘ April Pith to July 14th,” we do not 
count the first of these days. In the case just 
mentioned, interest would he reckoned for 
30-12, f.e., 18 days of April, 31 of May, 30 of 
June, and 14 of July, making a total of 93 
days. 

124. ^Compound Interest. From what 
has already been said about Compound Interest 
it is plain that wc find the Amount in any 
given time by calculating the Simple Interest 
for each year in succession, the Principal, of 
course, becoming greater in each succeeding 
year. The Compound Intc r^st for the whole 
period udll he the difTerence between the 
Amount and the original Pi’incipal, 

The work can bo more compactly arranged by 
usmg £'s and decimals of a £, than by using 
£ 8. d. 

Example, Rind Compound Interest on 
£137^ for 2 years at 3 per cent. 


£1375 = 1st year’s PrinoipaL 

41*25 = „ Interest. 

1416*25 — 2nd year’s Principal. 

42;^4875 = „ Interest. 

1458*7375 - Amount. 

1375 

“£83*7375 Total Interest. 

20 

14*75qf>s. 

P2 

9*0<‘d. 

£83 14s. 9d. Arts. 

Explanation. To find the interest for I 
year at 3 pcT ctmt, we multiply £1375 by 3 and 
divide by 100. Hence our st?cond lino is 
obtaiiuMl by mulfiplying 1375 by 3 and moving 
the digits two places to tho right. Then, 
adding 41*25 to 1375, we get £1416*25 for tho 
scicond y(»ar’s principal. We now repeat the 
process- multi])ly 1410*25 by 3 and move 
the digits of the, ]n*o(]uct two places to the 
riglit. I'Jiis gives 42*4875 for the second year’s 
inferc.st. Add this to the seconfl year’s princi- 
pal, and wo obtain tli(‘ Amount. Subtract the 
original j)rineipal, and wo have £83*7375 for tlie 
Compound Interest, 'flui £*7375 is reduced to 
shillings and pence, as in Art. 91, Ex. 3. 

125. Before })i*ocoeding birthcr, it will be 
eonvetiM'nt to considfU’ how the labour of 
finding (.‘ompound interest may bo lessened. 

Suppose we liavo some decimal, such as 
5*274(53, and that we are asked to write it 
“ correct to three places.” This means that w^e 
are to write down a nunihcr of only tliree deci- 
mal places wliicli shall ho a.s near as possible to 
11k) actual vahio 5 274 63. The result is 5*275. 
For tlie given decimal is 5*2746... and 46 is 
nearer to 50 than to 40, so that 5*275 is nearer 
the true value Ilian is 5*274. 

Similarly, Ihe value correct to tw'o places is 
5*27. 

Again, our smallest coin is the farthing. 
Hem;e it is unnecessary, in commerce, to express 
any sum of money more accurately than “ to 
the nearest farthing” — i.e., we take a value 
which differs from the true value by no more 
than half a farthing. Now, 1 farthing — 
£o*\o “ • • • ''vhich is very nearly equal 

to £ 001. Thus, if wo have a sum of money 
expressed as a decimal of a £, correct to three, 
places, it will be correct to the nearest farthing. 
Therefore, in working (Compound Interest, if we 
reject figures bt^yond tho fifth decimal place we 
shall still obtain the value correct to three 
places — f.p., to the nearest farthing. 

Flxample. Find the amount at Compound 
Interest of £38 2s. 6d. in 3 years at 2J per cent. 

£38 2s. Cd. 

= £38*125 = Ist year’s Principal 

2;5 

•76250 

■19060 

•95310 = Ist year’s Interest. 

3ST25 

39*07810 » 2ad year’s Pri^eipal. 
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39*07810 ^ 2nd year’s Principal. 

2*5 

78150 

;^19535 

*97691 == 2nd year’s Interest. 

39*078 10 

40 05501 ~ 3rd year’s Principal. 

2-5 

•80110 

*20025 

1 •00135 ^ 3rd year's Intenvst. 

4005501 

£41 •05630 — Amount. 

20 

l*i2720s. 

12 

1*52()40(1. 

4 

‘^10560 far. 

£41 Is. l?^d. .4a.s‘. 

Explanation. Multiply by 2 and move tlie 
digits two places to tlio right, as in Art. 124. 
Next, in multiplying l)y '5, the first figure of 
£38*125 which gives a digit in the fifth place is 
the 2. Hence we lu‘giii ninltij»lying at the ‘2. 
exactly as if the midtiplieand only consisted of 
38*12. Similarly, in finding th(‘ second year's 
interest, the lirst digit of 39 078 10 which, when 
multiplied hy 2, giv(^H a digit in tlie tlfth place 
is the 8 ; and when multiplying hy -5 the first 
digit rofiuired is the 7. Proceeding in this way, 
we obtain £41*05636, of which not more than 
the 41*056 will he correct, hut this, as wo have 
seen, gives a result corn'ct to a farthing. If 
wo work out the above example in full, we iind 
that the Amount is £41*056455078125, This, 
when reduced to £ s. d., gives £41 Is. l|d. 

H •196875 farthings: ?‘.c., £41 Is. l.Vd., which 
agrees with the lirst result. JOvidently then, 
it is a mere wast es of labour to work the examjde 
in full. 

126. In some eases wo are told that the 
interest is payable half-yearly, or (juartcrly. 
Wo proceed in the same way as b('fore, except 
that we 6nd the interest for a half year (or 
quarter year), and add the principal, to obtain 
tlie principal for the second half year (or quarter 
year), and so on, until w'e reach the end of the 
required time. 

127. As in Simple Interest, if we arc given 
the Amount (or the Interest), the Rate fair (Jent., 
and the Time, we can find tlio Princi/)al. 

First, find the Amount (or the Interest) of 
£1 for the given time at the given rate. Then 
we have the proportion : 

Amount (or Interest) of £1 : Given zVmount 
(or Interest) I £1 ; Required Principal. 

Thus, the principal is found by dividing the 
given amount (or interest) by the amount 
(or interest) of £1. 

128. Present Worth and Discount* 

Suppose a man has borrowed £100 at 4 
per cent, payable after one year. His debt 
at the end of the year will be £104. Suppose, 


also, that he finds himself in a position to 
discharge the debt at the end of six months, 
instead of letting it go on for the hill year. 
Clearly, instead of paying £104, ho should only 
pay such a sum as, ])ut out to interest at 4 per 
cent., will amount to £104 in the remaining 
six months. Ry tlui method of Art. 122, Ex. 3, 
such a sum is found to l)e £10117, or 
£101 19s. 3d., nearly. 

This £101 19s. 3d. is called the Prr,s€nt Wttrth 
of the £104 duo in six months at 4 per cent. 
Th(* <lilYercnco between tlio present worth, 
£101 19s. 3d., and tlie amount which Avould ho 
duo in the six months, £104, is called the True 
Di.sronnt. 

Thus, the problem of tinding the Present 
Worth is exactly the same as that in Art. 122, 
Kx. 3, when llui inlen^st is sinijile ; and is the 
same as Art. 127 if the interest is eonipoiind. 

Example 1. Find thii Present Worth, and 
3’ru(' Discount, on £40 8s. due in 73 days at 
5 p<*r cent. 

Interest on tltH) for 73 day's at 5 pea* cent. 
x5 - £1. 

Present wortfi of £101 - £100. 

Hence i'lOl : £40 Ss. ;; £100 : Rcrqd. P. W'. 

l{eq<l. Pfvsrnl, Worth -£4o) , 

101 Afhs. 

.-. Tnui Discount - £40 8s. - £40 Ss. j 

Example 2. Find the Pn^sent Worth of 
£1158 14s. 9(1. due in 2 years at 3 pdr cent. 
Gompound Interest. 

£ 1 . 

•03 

1*03— Amount in I year. 

;0309 

1*0009 ’ .Amount in 2 years. 

Present Worth of £10609 .£1. 

Present Worth of £1458 l4s. 9d. 

£1458 7375 
£1()609 ’ 

l-()t>09)l45S7375(£l 375 .4 a,s-. 

39783 

79567 

53045 

filxPLANAiiON. Find the amount at 3 per 
cent, compound inten'st of £l for 2 years, viz., 
£1*0609. Reduce I4s. 9d. to the decimal of 
£1. Then, since £l is the Present Worth of 
£1*0609. the required Present Worth is the 
(|Uoticnt of 1458*7375 by 1*()6()9. 

COMMERCIAL OR BANKER’S DIS- 
COUNT. BILLS OF EXCHANGE 

129. In commercial transactions, an agree- 
ment to pay a sum of money at some stated 
future date is made by a Bill of Exchange, or 
by a Promissory Note. 

Suppose a merchant, James Brown, receives 
an order for goods to the value of £2(K), from 
another merchant, John Smith. Instead of 
paying cash. Smith authorises Brown to draw 
a BUI, to bo paid by Smith after a certain period, 
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iiHually tliree inontliH. Brown accordingly 
writes out the Bill of Exchange, as follows : 

Birmingham, 

loth Novcmlun*, lOOo. 


Ji:2()0. 

'rhrc‘c months after date, pay mys«'lf, or 
order, the sum of two hundr(‘d pounds, vahn^ 
n'ceived. 

.lames Brown. 


To 

Mr. .lohn Smith, 

M(‘rehant, 

UmmIs. 

The doeiimenl must hear a stamp, tlu* amount 
of which varies with the amount of tlu‘ l‘ill. 
Jn this case it would he ‘is. 


ddie hill is forwarded to Mr. Smith, who 
“ HC(!epts ” it ?.r., aeknowledg(‘s the debt, hy 
writing “ Accepted,” followed hy his signal urt*, 
across the face of the hill, and ret\irns it to 
Mr. ih'OAvn. d’he hill is nominally due in thns- 
months afttn* NovianlnT l.dth, hut the law 
allow's thre(' extra days, called hatffi oj dntre ; 
so that it legally falls due, or " mat tires,’* on 
.Fehruary Ititli. 

Brown may k(‘ep the hill till Fehruary Itith 
and then “ pn'sent ” it for jiayment, to Smith, 
or .Smith's hankt'r, wdio will pay the €*200. 

If, however. Brown is in want of ready momy 
before Fehruary Kith, he may sell tlu* hill to a 
third pt'rson, either ii hank(‘r or a Hilhhrt>h't\ for 
cash. The hrok(‘r is thtm said to have disromUrtl 
the hill. Since the broker has still to wait acertain 
time hefort' Smith pays the hill, he will not ]>ay 
Brown £*20d for it. Supposi^ Brown gids the 
hill discounted on Di'Cianher oth ‘‘at o percent.” 
Tlu'U, the number of days before the hill falls 
due is 2(i ! HI I K) - 7H days. 'I'he hrokiw, 
therefore, calculates the interest on £‘2(H) for 
73 days at o per cent., and dedm^ts that amount 
(£‘2) from the Furr Vahic (1*200) of the hill, 
lie thus pays Brown £I0S for the hill. 

The amount which the broker detlucts from 
the face value is called ConnncrriaJ. or lianhr'.s, 
J)iffr(>nnt. We see, then, that, the problem of 
linding the Banker’s Discount is the same as 
that of finding the. Simple Interest on the face 
valms for a givcui time, at a given rate (Art. 121). 

130. 'Phe ordinary form of Promissory Note 
is as follow^s : 

Let'ds, 

IHth November, 1005. 

Three months after date I piornise to pay to 
Mr. James Browm, or order, the sum of 1*200, 
value received. 

John Smith. 

It should be noticed that in the case of a Bill 
of Exchange tlu^ document is written hy the 
creditor, while a iwomissory note i.s written hy 
the debtor. 

131. Since, 

Amount (t.c.. Face Value) - Present Worth 
+ True Discount, it follows that 

Interest on Face Vahie Interest on Present 
Worth I- Interest on rue Discount ; that is. 

Banker’s Discount - True Discount f Interest 
on True Discount. 


11.30 


'Phe diflcrene.e between the Banker's Discount 
and the 'Pruc Discount is, therefore, the interest 
on the 3 Vue Discount. 

Example. 'Phe dilference betAveen the Ban- 
ker’ .s and the True Discount on a certain bill due 
in 2 yt*ars at .'’i per e(*iit. simj)le interest is 
l‘I 13ft. Find I la*. Amount of the hill. 

Wc know that £l 13s. is the simple int<*re8t 
on the 3Vu(^ Discoiint for 2 years at .5 per cent. 

'Pherefore, by tlu^ method of Art. 122, Ex. 3, 
w'(‘ can find the lru(^ discount. For £10 is the 
inten^st on £100 for 2 years at 5 per cent. 
Ilericc, 

£10 : £1 13s. ; ; £100 : True Discount. 

Tnu- (IlHCDUnt ^ £10 10s. 

'Phe Bankm's Discount is, thcr<‘fore, £K> lOs. 

1 .£1 l.‘ls. £IH 3s., and wc havi^ now only 
to lind on what princi])al the interest for *2 yt^ars 
at 5 p(M‘ rent, a.moimts to £IH 3s. 

£10 : £1S 3s. ;; £100 : Re(|uir(‘d Bill. 

Amoiiiil .)f Hit £181 JOs. 

20 (» 

EXAMPLES 16 

1. Fin<l, to the lUNiri'st penny, the Sim])le 
Interest on £‘2r)‘23 11s. Pxl. for years at .‘U 
])er <*(‘nt. 

2. At what late per cent. Simple Interest, 
Avill £875 amount to £080 in 3 years ? 

3. 'Phe simple interest on a certain sum for 
8 years at 4J per e(‘ut. is £183 3s. Find the 
Sum. 

4. In what tinu^ will momy double itself at 
4 per cent. Sim])le Interest ? 

5. Find, to the neansst jieriny, the Amount of 
£14*20 ill 3 years at 0 pc'r cent, (’ompound 
Interest. 

6. Find, to the nearest penny, the (Compound 
Interest on £58 Is. 7d. for 2 years at 4 ])cr cent., 
th(‘ interest h(*ing payable half-yearly. 

7. Find the Present Worth of £231 Is. 10 Jd. 
due in 2h years at 3.J piT cent. siin})le interest. 

8. Find the 'True Discount on £1447 Os. 7Jd. 
due in 3 years at 5pi;r cent. Compound Interest. 

9. A hill du(^ in 3 years is discounted at 
4 per cent. 'Plic dilTereuce hetwetm the Tnio 
Discount and the Commercial Discount is 10 
guineas. Find the Amount of the bill. 

10. A hill of £400 draAvn on December 4th 
at 8 months is discounted by a hanker on 
March 14th, the rate of discount being 5 per 
ciuit. TIow' mucli Avill the holder of the bill 
receive 'i 

Answers to Arithmetic 

Examples 14 

1. The siHond man’s stride is 3*2 in. Since 

his strich' is longer than that of the first man, 
lie Avill take feAver steps in going the same 
distance. Hence, .32 : 30 3120 steps : An«. 

Rcqd. number of steps - “ 2925^4^ 

2. When the reinforcement arrives there are 

provisions for 137 - 50 = 87 days. The number 
of men is now 5000 -f 800 5800. Hence, 

5800 : 5000 ’ I 87 days.: Required time. 
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Required time ^ days Ah.s. 

tloOO 

3. After 36 days there arc 48-36— 12 days 
left, in which time the same amount of work 
has to be done as was don« ])y 20 men in 3(» 
days. The number of men ie(|uiiv(l t-o do this 
is found from the proportion 12 : 36 ; ; 20 men : 
Required Number. Wlience, R-ecjuirod Numher 
of men = 60. The contractor must, tiiertdbre. 
engage 60 - 20 = 40 extra men Ans. 

4. Candles at 8 to the lb. will l)urn a .sliorter 
time than those at 6 to the lb. Hence 8 : (> 
; ; 6 hours : Ans. Which gives R(‘(iiiire<l Time 

^ 4.1 hours An.^. 

5. 'i of tlie women are unmarried, or., 
24 — if- of the women. Total number of 
\v{)nien = [I of 24 •— (>(). Now, number of nnai : 
number of women ; 3 : 4. Henec^ number of 
men = J of 60 - 45. Rut 5 men in every 0 
are married. Number of married men — 
•; of 45 - 25 A vs. 

6. At first J of the cask is water. At Ibe 
finiish J of the cask is wine. Tie rofore, wln^n 
16 gallons of the mixture was taken out, it left 
cis much wune as there was watiu* to begin with. 
Rut 16 gallons of the mix lure contains jj of 
16 gallons — 10 gallons ot wine, lienee, then^ 
wero 10 gallons more wine Ilian water to begin 
with. Now 8 gallons of mixtun^ contains 5 wine 
and 3 water, i.c., there are 2 gallons more wine 
than water in every 8 gallons of mixtun^. There- 
fore, there are 10 gallons more wine than waUT 
in 5 X 8 = 40 gallons of mixture. The cask, 
tlierefore, held 40 gallons Ans, 

7. Statement is 


5 : 72 \ . 

£2 5s. : 2s. 6d.] * 


15 miles : Ans. 

Whence, Ans. ~ 12 miles. 


8. 4 men do as much as 8 women. 1 man 
=-* 2 women. ITeiice, 2 men and 3 women 7 
women. Wo then have the statement 


7 w omen : 8 womens 
6 ao. : 8 ac. f ! ! 3^ days : Ans. 

12 hr. :10br. J Whence, Ans. - 5^ days. 

9. Calling tho boys A, R, C, D, wo have 
A'» 4 pages ~ ].Vs 5 page’s 
B’s 6 „ = C’s 7 „ 

C's 3 „ = D’s 2 „ 

Beqd. D’s ~ A's 18 „ 

Hence^ 


xins. ~ 


5x7x2x18. 

4x6x3 


17.1 page.s. 


10. Aa in Art. 112, Ex. 2, we have 


A’s 100 R s 90 
B’a 120 = C’s 118J 
Beqd. C’s = A’s 1760 


Therefore, while A goes 1 mile, C goes 
99 X 118} X 1760 

■ —100x120 yd.^imyd. 


Therefore, A boats C by 1760 - 
» 35} ^ Arts, 


1724} 


11. Tho valats are us 2 : 3 : 4, which is tho 
same thing as £2 : £3 : £4. Now £2 - 16 half- 
crowns, £3 - 30 llorins, £4 -= 80 shillings. 
Tlierefore, tho numbers of the coins are as 
It) : 30 : SO. Wo have, then, to divide 126 
coins projiortionately to 16, 30, 80. But 
16 f 30 t- SO — 120. Hence, tho heap contains 
SO shilliiiL^s . { ns. 

12. 'I’ae stat(*ment is 

55 vd. : 120 yd. 

20 it. : 25 ft. 

5 ft. : 4 ft. > ; ; 100 men : Ans. 

12 hr. : 11 hr. Whence, 1 60 men 

5 days : 4 days J ' 

Example.s 15 

1. To lose 5 per cent, he must sell for 95 per 

(•(‘lit. of cost. To gain 7 jier cent., ho must 
sell for 107 per cent, of cost. 95 ; 107 
;i £247 : Required Price. Hence, ho must sell 
for 247 X 107 95 £278 4s. .4//^. 

2. Ho buys equal numbeis at tlio two rates* 
and sells 5 for 3d. Take?, then, tho L.C.M. of 
2. 3, and 5, i.e., 30. Now 30 at 2 a Id. cost 
15d., and 30 at 3 for 2(i. cost 20d. Tho total 
cost is .‘>5d. He sells tho whole 60 at 5 for 3d., 

for 36(1. Ho thus gains Id. on an outlay 
of 35d. His gain^Jfj is .3' of 100;v^ 2!i Ans. 

3. Os. 7d.-9s. 2d., i.e.^ 5d., is 4 p(U’ cent, of 
the cost, or of tho cost. .*. Cost - 25 x 5d. 
— 12r)d. Heiue, hy selling at Os. 7d., ho loses 
10(1. His loss per cent, is of 100=8 per 
cent. And, therefore, by selling at Os. 2d. he 
los(.‘S 8 1-4 -- 12 per e(‘nt. 

4. 750 eggs at 15 a shilling cost 750 16 = 508. 

Ho loses 2 p<.‘r cent, of this, t.e., he los(?s Is. 
But the mi m her of eggs ho lost was 13. Hence, 
ho sold 13 eggs for Is. 

5. 24 Ih. of tea at Is. lOd. cost £2 48. ; 8 lb. 

at 2s. lOd. cost £l 2s. 8d. Tho total cost of 
32 lb. of t(‘a is, tlierefore, £3 6s. 8d. To gain 
10 per cent, he must sell tho 32 lb. for of 
£3 6s. 8d. scjlling price per lb. 

_ ^ 2,. 3Jd. Avk. 

10 X 32 

8. As in Art. 119, Ex. 5, if he buys 5 per 
cent, cheaper and sells to gain 4 per cent, ho 
sells for I'l/hx }!!/> actual eost= of rndual 
cost. But he really sells to gain lO per cent., 
i.e.. for of cost. Therefore, £168 is ( j-/, - 
of eo.st. Whence, cost — £1500, so that to gain 
10 per cent, he must sell for £1650 Ans. 

7. Marked price = 20 per (JC’nt. above cost 

qoi 

= of cost. Selling price - of marked 

price of J; of tif cost. He 

gains 1 1 per cent. 

8. He sells one house for jj of cost. .*. Cost 
5= 'j y of £990 = £900, He sells the other for of 
cost. Cost = of £990 = £1 100. He bought 
the two for £2000, and sold thorn for £1980. 

Ho loses £20. 


Continued 
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A Brief Guide to all Places of Interest in the Leading Towns 

llillrd tliilfl 

of Spain and Portugal. Where to Go and What to See 

IMK. tUH 



By J. A. HAMMERTON and WILLIAM DURBAN. B.A. 


SPAIN 

What travoller would willingly miss the land 
of the hidalgo, of tlie ('id, of Don Quixote, of 
the nohlcHt ago of tlu* .Maur(‘S(juo civilisation, 
of fairydikc architecture, of pristine chivalry, 
of glorious sunshine, and of scini-tropical 
fruitfulness ? Fallen from its m(‘dueval great- 
ness though it. is, Spain fully ndains the gorgeous 
colouring of its uniipa* roinane(% and its multi- 
tudinous and vari(‘d attractions of seeiuay, 
arehitectun;, arelueology, and po])ular custom 
offer endless int(*rest to the visitor. Spain 
has been comparatively neglect(‘d by English 
b)uris(s, but during the last few years the tide 
of patronagi' has set sb'adily in this direction. 
It is ^asy to atapiire a sutlicicnt knowledge of 
(he beautiful and sonorous Castilian language 
for i\\{) purpose of a visit, and tlu* country lies 
witliin easy a-eee.ss of our shores, wh(‘ther over- 
land througfi Frances (»r by direct s(‘a. passage. 
The people are anuuig the most court(‘ous 
on (‘arth, and arc abundantly solicitous of the 
comfort of those wlio wish to make any sojourn 
among them. 

'rhe traveller in the ordinary way rea<*h(‘s 
Biarritz by way of Paris, and from Biarritz 
proceeds over the Pyrenees to Burgos. 

A WeeK in Spain. »So short a stay will 
be fully occupied by visiting Madrid, Toledo, 
and Cadiz, those lK‘ing the lH*st y)oin(s to sek'ct 
for so brief a ])eriod. The tourist who cannot 
afford a longer holiday will gain a gratifying 
glimf)se of the eountry and the j)co}»lc, and will 
Icarii some.thing of tlu^ national spirit. 

A Fortnight in Spain. Even this is 
all too short, hut it will be filled with enjoyment, 
and will afford opportunities of visiting a numl)e.r 
of the most famous cities. 

First D.w. Ke.w phu-es arc muuc iiitcrt)stiiig than 
Buruo.s, a wonderfully beautiful <dd-tiinH city, the 
birihj)lttce of S|»aiirs national ohainpio?i, tho Cid. 
The nmgnificcnt Cathedral^ in certain re-«pects un- 
rivalled in the worM. Jts bnirtccn chapels. Kac.h of 
these is in reality a tine churcfi. 'rho cruccro, or 
lantern, iathcgcjnof tho whole struct \ire. Philip II. 
said if was built by angels rather than iruu). Tho 
transept, full of inarvelloiisly d<dicato sculpture. 
Tho boautiful High Altar. Tho s])lcndid choir, in 
two tiers, with walnut stalls. Tho Town Hall, in 
which is tho body of tho (.'id. Tho W'hcro tho 

Cid wa-s inai*rio<l. ('ariiago drivo to tho fainou.s 
Monaatorios of Las Huelyas and Mirnflores. 

Second Day. That marvellous edifico, 25 miles 
N.W. of Madrid, El Escorinlf is reckoned by 
Spaniards tia tho oightli wonder of tho world. It hu.s 
i)oen a])tly desoribod as “a mountain of gruiuto shaped 
into a palace, a church, a convtml, and a Timusoloum.” 
It is tho leviathan of architocture. It is tlic mommoth 
tomb of tho kings and t leena of Spain, i.s constructed 
'Of solid granite, wiJ' erected by Philip in com- 
memoration of tho Battle of St. Quentin, and took 
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twenty years in bnihling. 'J'ho ]\i.ntt‘on^ or Hoyal 
family iornh. All of marble and jas]>er. Si.xty 
f>odios of Hoy«dticrt lie Iumc, 'J'hc (\jnrcnt. Many 
pictiiro.s and Ktatnes. Tlio rich and b(‘autiful 
Uhrarff. 'riu» s])londid J*al(ire, with its magniticout 
towers. Tho grand r 7/ art*//, wit li snm])tuous chapels 
ami altars, and tin* richest nditjuary in Spain. 

Tjiiui> Dav. The most cheated t)f all European 
capitals is MAiuirn. The first d/iy to he .spent m a 
survey of the many fie.iiitifnl, spaejous S((U»iros, all 
(liiely adornc-d wit h trees, and of the wide si roots afid 
inttaesting shops. It is si city of llowcrs. The fruit 
iiiarkots sire marvellous at the right .season, Tho 
1‘laza Mayor n\o\l‘ (iza tU I Orlnitr are centres of tho 
busiest and most fsisi jimling lift*. 

PoCKTjf Da^ . Tie* siM'ond ch«y at .Matirid. Th/> 
M ( 4 Sfo. Hen* is th.it pii'tiiro gidlery which is tlie 
envy of every other ciry in JOnrope. A collection of 
sph'iidid LM'uis of pictonsil art. No few er tlian fort y - 
si\ Mmillos, im lmling tho world-famed “ (’oii- 
ception”; sixty-four Vt*hisf|ue/t‘s, including tho 
great etjiiesi rian port rait of I’hilip IV. ; It'ii Haphaels, 
including the “Holy Family,” called “La Porla,” 
because Pliilij) IV., on beholding it, exclaimed, 
“ This is the pearl of my })ictureK ” ; willi numerous 
works of Titian, Ribera, Teniers, Van Dyck, Tin- 
toretto, Verom*se, CTaudo, etc., etc. Tlie Loyal 
Arn.oury contains an unrivalled collection of W'onpons 
of all ages, together with tho armed t'ttigios of kings, 
emperors, and gem-rals in suits of armour tho most 
respieiulont e\(‘r manufuctured, 

Fifth Da^. A third day would bo spent at 
Madrid. 'I’he Loyal Lalarr^ .omi of tho grandest in 
Kurope. Tho (.ri’and Patio, or S/pniro, and tho 
thirty .saloons, magniticenf ly furnished, on the first 
floor. Tho bisintiful g/irden. Tho Church of Saa 
EranriscOy with liistoric tombs and curious picture.s, 
TTio Church of Atochay with veni'ratod miraculous 
iinug('s. 

Sixth Day. Toledo is grandly situated on a 
high rock by tho Tagus, which almost cii*c uni vents 
tho city. Tho whok^ town is a museum of tho 
majestic and romanlie past, gpocially rich in 
Maurosque edifices. Tho w^mdorful Cathedral^ tho 
finest in Spain m'xt to that of Seville. Tho famous 
fugade, with relievo of tho Last Supper, containing 
sixty fiill-si/od statues. Tho portals aro also cole 
braled for their exquisite ornamentation in stone. 
Tho noble tower, .129 ft. high. The tivo naves, tho 
7.50 stained wdrulows, tlio Royal tombs, tho ohapols 
round the church, and the lovely cloisters, all make a 
memorable speetaolo, Tho boautiful Gothic pile 
known as tho Church of Sun Juan de los Layes. The 
famous Alcazar of Charles V,, an immense ruin of 
golden red colour. 

Seventh Day. A city of which any nation 
might bo proud is Seville, the delight of every 
visitor, beautifully situated on tin? banks of the 
Guadai({uivir, full of wonderful architectural relics 
of tho Moorish period, Tho famous Cathedral, ou« 
of tho most Bublimo ecclesiastical creations in tho 
world. Ha Giralda Tower is a gem of Saracenic 
instruction, of loveliest rose tint, Tho stained 
windows, ninety-tlireo in number. The Court of 
Oranges. Tho nine doors of entrauco to the , 
CathfM.iral are sumptuoii.s portals. The pavement of 
black and wdiito marble cost £10,000. Seven naves 
of imposing perspective and immense height. The 
enchanting viow^ from the summit of tlie Giralda. 
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Eighth Dav. Two days are necesflary to jjjivo 
any idea of Seville. The glorious Alrazar^ or Houwi 
of Cu3sar, an ancient Moorish ]>alaeo. Matchless 
internal decoration in arabesques. Tliis is, next to 
the Alhambra at Granada, t)>o most ])recioii8 and 
perfect Moorish monument in S[)ain. Tlio loveliest 
portion is the Patio, with rnarhlo ])avcment, fountain, 
and trefoiled arcatles, whi<*h aro conHidorcfl marvels 
of grace and liglitnoss. Tho palaeo ealhsl the ('usa 
(ic Pilatuji, belonging to tho Duke of Medina (Vli, 
built a» an imitation of tho house of Pontius Pilate 
at Jerusalem. It contains a noble Patio. Tho 
(hddcn Towifr on tho bank of the rivtn* ; fornu'rly a 
fortress. Delightful hours ar<» to be spent in surv(‘y- 
iiig tho streets and scpiares of this faseinuting city. 
The famous Tobacco Factory, with thousands of 
girls at work, sliould be seen. 

Ninth Day. Roach Cadi/. The Biblical 
TtvrshiHh. One of tho world’s most voMcrablo cities, 
yet a delightful mo<lern town full of fas< inat ic»n for 
the visitor. On a peninsula, joined only by a narrow 
causeway to the mainland. A platw- of brilliant 
colour, W'itli shining whiter walls, long rows «U‘ elegant 
liouses, glass and gilt balconied iiiiradoros. Tbo 
granite ramj)arts and a])aci(nLS terraces alTord 
delightful pronuauMles. Tai Virjd^ or Old Calbodral, 
with thirteen cluipols. Tho (Jathrdrnl of /Santa t'ruz^ 
or Now (^atluMlral, imposing in st\'le, and richly 
ornamented witJi preeicnis marbles and jasper. 
l.oa Cafmchinony an old eonvont, with renowned 
])iclure gallery coiiiHining gojus of art, including 
Murillo’s last work, the famous Marriago of St. 
Catheriuo.” Tho simps of t'adi/. arc- specially 
attractiv<\ for tho <*ity is faiimiis lor fans, hulies’ 
shoos, gloves, and guitars, 

Ti'NTii Day. Ct/iuialtau. Tiio Ijoirrr b'artifu'a^ 
tionSf tho Wx'lc tin; Si(jnal 'i'oirer^ tlu» Caro 

o) iSt. Michael^ ami tin; Alanioildy or fashionabh' and 
i'harming promenade, eallo<l ( lio J’ride of Gibraltar,” 
laid out ii\ English style, aboumliiig in goianinms 
and bowers, and eoinmamUiig tvxijuisito views of tbo 
Straits and the AfricnTi coasl. MMie town has 
quaint and curious w iinling, narrow streets. 

Klisvrnth Day. Wo eotno now' t(» (Ihanada, 
M’he wnmdor-city of Spain. A place of fountains and 
rippling streams, situulod on ono of t)»e loveliest 
plains in tho world. It stands on four hills, divided 
somow'iiat like a poinograiiato, and rises to tho 
height of 2,245 ft. above the sea-level. Tlio snow- 
eUid mountains of the Sierra Nevada range adorn 
the prospect. The city <;xteiids in an amphitlieatre 
round the river bunk, and is crowned by the in<H)ni- 
parable Alhambra^ tho supremo gem of Moorish 
architecture. The gardens and woods round tins 
building are exquisitely btjautiful, and aro tho haunt 
of countless nightingales. TVio Hall of Aiuhassadors, 
the Court of Lions, tho Lion Fountain, ami the 
varioiis other halls, courts, corriilors, apart inonts, 
and rmintains make iqj a bewildtuing scone of 
inde icribablo enchantmont. Tho lujble Cathrdraly 
with five naves, dome of wdiito and gold inside, tho 
tine marble pavement, and lovely chapels. La 
Cartuja, a famous monastery and churcli, just outside 
the town, witli inagniticont frescoes. 

TwEiiTTU Day. Cordova. Exquisitely situated 
on the Guadalquivir. Famous for its superb 
Cathedral^ formerly a grandiose rnosipie. Tlie most 
perfect specimen extant, or ever erected, of Moorish 
architocturo. The beautiful Patio, called tho (^ourt 
of Oranges. The Hall of Thousand Pillars, forming 
nineteen spacious naves. The unrivalled mosaics. 

Thirteenth Day. Barcelona. Tho fine Cathr^ 
dralf the Ratnbla rrvmenadcy and tho Bull-rimj. 
Fourteenth Day. Back to Madrid. 

Travel and Food. Railway travelling 
iu Spain is now perfectly comfortable, and hotel 
a<ceommodation in the cities is greatly improved. 
The food is exceDent. Bull l^f is the staple 
meat. Fruit is abundant and unsurpassed. 


Gra}x*s, oranges, melons are of the most magni- 
ficent varietie.s. Eggs fried in oil or mashed 
with tomatoes are iwerywhere offered. Water 
is scarce. Beggars are numerous anil insolent. 
The amusements are tlic universal guitar-playing, 
the wondc'rful dancing of both sexes, and tho 
brutal bull-lights. 

If tho tourist wishes to spend throe weeks ora 
month in Spain ho may make I'xtensions to Carta- 
gena, Dampeluna, Zaragossa, Boadilla, Malaga, 
La Hoda, Ulrerc, Trim, Xcres, Algeeir, etc. 

expense. Tho cost of a eiroular trip such 
as w'e have des{;ri))ed above, oeeiipyiiig a fort- 
night, should not bo more for steamer and 
railway tiekots than £25 first elass, or £20 sceontl 
class. About 12s. a. day should bo reckoned 
for h()f(‘I exjK'iises and extras. 

Treatise's on traved in Spain are very numerous, 
and altord delightful and useful reading for tlu; 
intenrling tourist. may eornmt'nd Mi's. 

Ramsay’s “ Sumtiu'i’ in Sfiain,'’ Peiiiberton's 
“ VV^inb'r Tour,” Rose’s “ Among Spanish 
l\;oplo,” Workman’s “ Awlieel in Ilx iia,” 
Jacaoei’s “ On tho 'Frail of Don Quixote,” 
I.rfiwson’s “Spain of 'Fo day,” Haro’s “ Wander- 
ings,” Lomas’s “Sketches.” Ifay’s “Castilian 
Days,” Elliott’s “ Idle Woman in Spain.” 
Rolx*rt’s “ Autumn 'Four in Spain,” 'Fhorn- 
bury’s “ Tafo in Spain,” Oadow’s “ Tn Nortlun'ii 
Spain,” Wood’s ” Komaneo of Spain,” Mc(.’ljn- 
toek’s “ Holidays in Spain,” St. Barbe’s “ In 
.Mo(l(‘ni S})ain,” Oallenga’s “ Iberian Remains,” 
Lufl’nian’s “ Vagabond in Spain,” Main’s “ C’ities 
and Sights of Spain,” (Voekot's “ .\n Adv<‘ii- 
turtT in Spain,” and Bart Kennedy’s “ A 'Framj) 
in Spain.” 

PORTUGAL 

It may almost Ix) r<*ekonod that Portugal 
as a holiday region for British tourists has been 
“discovered” by King Edward through his 
visits in recent years, (dm para lively f(;w in 
this country were formerly aware how lovi'ly 
is the westi'i’n s(‘etiori of tho HM*rian Peninsula. 
It is a land of fruit and tlowers all through th(? 
year. Here the orange and the lemon, the almond 
and the walnut, the olive ami the loquat, tin; 
prune and the cherry, the peach and tlie grap ‘ 
reach th<Mr highest perfection. The humbli st 
cottages are embowered in roses, and tlow(*rs that 
are niii'sed as exotic.s in northern climes in 
Portugal as plentiful as weeds. This ueliglitfiil 
little country is the (■alifornia of Europe. The 
celebrated harbour Lisbon is aeknowltK]ge(l 
by Americans to suri>ass the Golden Gate of 
San Franciseo. The people are a self-respecting, 
interesting race, proud of their home and con- 
tented with it. 

Portugal is .so easily accessible tliat it is almost, 
as convenient to visit as Franco, PTollund, oj' 
Belgium. Of course, the direct route is by sea 
to Lisbon, which is the natural door into the 
country. 

A^ WeeK in Portugal. This issufliciont for 
a sui'vey of Lisbon, Cintra, Belem, and Ojiurto. 
The majority of visitors confine their attention to 
these points, and either paas on to Madrid or pro- 
ceed round the Peninsula to the Mediterranean. 
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A Fortnight in Portugal. Two A\i;eks 
allow opportunity for a gloriouH roiiiul in one 
of the world's historic districts, f\dl of the 
most romantic associations, and of tlic utmost 
beauty. 

t’litsT [)av. IjIShos is (I tinn v ('Ilnus tor a 

tiny nation, and is hiiilt on .srvrn Jiills, in (orrat-cs 
risin)^ onc^ ahovo tlio otlns'. 'I’lio 'Fa^ns in Ihto broad 
and iJiaj«*Ati(*. '^riaMaty is s lid to lia\ a'l bmi loumlod 
by Ulyssrs, and ori^dnally calNsI riyssi|n. (Jrand 
Hijiiarns, witli fitio trri's, io\oly flowrrs, and inarblo 
fountains. 'I bn most i-unoiis of tlu*so ojmmi sj)ais's is 
tho l*razn ifnm Pulm^ nicknamnd “ Kolliji;^ Wave 
S<|iinr(' ” from tin* fanlasti<‘ arran^Mancnl of its 
toss<*latod paNomonl. 'I’lio Ix'aiitifnl (iardmi of 
*S7. yVr/ro di Alrn)itar<i. 

Si:('<»MJ Dav. T)m* (Uithf'dral at Lisbon is an 
nncii'iit and massivr t jolliic. nditict', Mliirb withstood 
tlio ^rt'at. tsirt li(jual<(‘, Ibn (Miaja*! of St. Vmront 
boiiio (»)o of Iji^lion’s fliirt ccflnsiast inid ornaments. 
Tlu< C7o/n7t uf S7. with tin* famous ('ba)H>l 

of St. .jolm 1 bn liaplisl. 'FIm' decorations of this 
ohapol nro wonderfully cbdiorate, bcin^ micnisled 
with mosaj<‘s of Italian masters, lapis la/.tiii, and 
I’ostly marbles ornamented with ^^<il<l ainl ametb\'sts. 
'Fho Ktiln'Uit Churchy a. beautiful miniature of St. 
iNUi'r's at Kome. 'iMie prosjas-t fi'om its dome, is 
ma^milieent. 

'Fmun Day. Four days may be devoteil ti> 
Jiisbon. On the third visit tlu^ (JnUt rtj o/ Fitie. 
.'Irts, Iho Musvinn^ the I'ditf con^ tJie ArtiUerif 
;l/a,v(’MWi -all tliesi' inst it uti<tns eontam line <d<l 
(‘olloelions of national relies from the <lu_>s of Portu- 
guese greatness. 'Fhe . Iqm durf, a splemlid (‘ngine<inng 
(•(Uistnietion bringing water from spiings nine miles 
distant. 

Fochtii Day. Still at Lisbon, tla^ fourth <biy 
would bo givtai to visit im; Hi:iJ<:,vi, a tamous and 
beautiful Hubiirb of [Jslxai, named after the 
wonderful JI icranumitu (Viitrch iicits midst, foumbsl 
by Vuseo ditjama as a tliank-ollenng after lus safe 
return from tlio Fast Indies. The oloi.-vters are of 
the ntmost laaoity. Her<' are the tombs of Di 
Oiima, Cumoens, and ('alln'rino of ftragan/a. ’Fln‘ 
R<>}ial Pttlarvn of Ijisbon— tlie Ni'cessiibuh's and 
the Ajnda. Tlu' sphaidid (lotbie monasteries of 
JJatalhu tind .I/ce/a/cr/, in the subm its of tho capital. 

Fii'TJi Day. Vi.sil (’intha. Ilvrun termed this 
famous ('asth' “ a blessed Fdt'n, ’ and Soiiiln''y 
des(*ribed it as “ the most l)h'ss<'d spot in the liahit- 
aide world.” Situated on a ^rand rt>ek, it was «>nee 
tho .-\lhaml)ra of tin? Moorish kings. f'Impd, with 
lovely transparent alabaster Avork. 'Flie iUiMlc of 
MoNtsvrratf on anollu'r ]ieiik near by, with exquisito 
gardens. 

Sixth Day. Across the wide 'Fagus is Skti hai., 
an important p(»rt. (Irand harhour ; fine iiuays ; 
fiv’t? massive forts. File environs an* erowdeil with 
beautiful groves of orange, lemon, and olive trees. 
TJio place "‘nil of natural charm. 

Si;viGN'n( DaV'. Fvora. 'FItis city is generally 
considered tho most beautifully situated in the 
w'hole country, and it i.s one of t lie most inti'iest ing. 
Tlio ruins of the walls ami forts are astonishing. 
In tho immense (iothic ('atfu’dral. are fine ])ictures 
by Iti’nn Vasco; also a famous Liftnirip 

Kiuhtii Day'. Fauo. A bejiutiful and wealthy 
cpise.op. i' city, famous for historic assoiMations jinil 
for its splenditl old Moorish iraUs. In the noble buy 
arc tlin?e charming islands. Jaively environs, 
thickly planted with orange and fig frees and 
splendid cork oaks. (Iroat tisherios. 

Ninth Day. Spend this at Fk.ja. Wonderful 
fortifi CO, lions, with forty lowers ; massive »)ld ('astlc ; 
fine Cathedral, Extensive leather atnl eartlionware 
factories. A eliaractori.stic I’ortugucso town. 


TiiXTH Da A', ts UMBRA, Oil tlio .Moiulego, is by 
many reckoned the most interesting C3ity in the 
land. Tin? town stands on a. eonieul Viill in a superb 
situation. Its aspect from every side is oxceodingly 
biaiutifid, and tlu? whole city is pietiiresQUe and 
attractive. The neighbourhood abounds inebanning 
scmiery, aiiil is tascinating f<»r excursitmists. .\t 
least two days sbonhl b<* spent here. 

Elkvkntji Day. During the sei-ond day in lids 
old ( Jot hie <’i(y furtlua- details are to la? studied. 'J'lu? 
fine Afjucdiut of twenty-one arches. Dortiigtil’s 
only Cnlrcrsitji is hen*. Atlaelu'd to it is the lovely 
lioUinic f!tird< )i. The noble ( 'athedro/. The band- 
seme eliurclies of Sonia Clara anti Santa Ctnz. 

TwKi.i TH Da A'. OroHTo. J’ortugars great <• 0111 -'' 
iiM'ieial empoiium. Its buildings, erected in tier 
after ti<*r, ])n‘sent a magnifii'cnt jiieture. The 
remnants of the aneii'iit walls. 'Flie fine business 
streets are ititensely int(*r<*sl ing. 'J’he Rna. Xora dus 
linfliZfs is a splendid thoroughfare. '^I’lie Rna. \or(t 
df S. Joan, with lofty lujii.ses ami gaily i>aiuted and 
gilt balconies. 

TmHTr.KN Tit Daa. Second day in Oporto. 
Walk in the various giaiid sipnires, forAvliieli Oporto 
IS famous. "Flie grandest is the ]*raca dr S. Oridii, 
on a bill, giving a magnilieent sea view, "J’be 
Fntj/ish Fd'/orn of white granite*, with lieauti- 

Inl fav'ofo. 'Flu* ('onrent da Sirra, ])erelu'el on a high 
rock. 'I'lu* (iiu* ohi ( 'nlfit draL "The Torre tie ( 'Icrigos, 
the higlu'sl tower in tlu* eoimtry. 

Focuri KN’iH Daa'. Hack to Jasbon. 

Travel and Food. 'IVavcl in Portugal 
i.s (‘(instantly int(‘r(‘sting. The (\)iirlcous, 
frugal, ami industrious inhabitants hav(‘ a 
fascination of t)i(*ir own. The atinosplKTc, 
laden with Atlantic o/.one. is uniformly bracing. 
The (‘iiehanting climate, the radiant simsliine, 
the brilliant moonlight night<5, and the 
semi-tropical V('g(‘tation impivss thci visitor 
with ji sens(‘ of imlelinable eharm. Tho biiH- 
lights, so repulsive in Sfiain, are mild and harm- 
l(‘ss h(‘re. It is a land of domostie cointort. 
Kvory deserif ition of food is (exceedingly clieap, 
and rent is lower, ficrhaps, titan anywhere else 
in Eiirofie. liIurofK* lias no finer market than 
that of lasbon. 'The meat is mueh better than 
in Spain, and the tish is unrivalled. Nowhen? 
on the (k)iitin(mt can fruit and vegetables be 
obtjiined in greater {ibtmdance or of superior 
quality. Thus P(_>rlugal is peeuliaiiy enjoyable 
as a iiletisure r(‘.soi t . 

Fares. T\m sea pas.sage to Oporto or Lisbon 
from Liv(‘iT)ool costs £0 lirst class single. The 
IxYats of th(5 ]k>oth Toinpany run weekly, 
'^riiere aix' no second or thiid class tickets, though 
thes(* niJiy lx? obtained from Havre, and there 
is no reduction for return ticket. 

Books. 'Diose who purpo.se visiting Portu- 
gal should jireviously n‘ad some of the following 
works ; Lady Jackson's “ Fair Lusitania.’* 
lA'ck’s “Iberian Sketches,” Smith’s “Spring 
lour,'’ l>atouche’s “ Travels in Portugal,” 
Shore's “ Three Pleasant Springs in Portugal,'’ 
and O. C/iawfurd's “ Kowiid the Calendar in 
Portugal.” 
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^HE history of Romo belongs to a niiu h la I or 
^ period of the world’s development than that 
of Egypt oi of Greece. 'Tlie whole Italian penin- 
sula appears to have attracted th(» attention 
of (jolonists from fonugn StaU'S at a niueli lali‘r 
dat(^ than many other parts of Europe*, which 
would sc(‘m to us after a glance* at tlu? map to 
l>e njudi more difhcult of access than th«; Italian 
regions. Rut J taly, barricaded on all her northern 
frontier by lofty mountains, showed also too long 
a stretch of harbourless coast on eitlicr side to 
tempt tho enterprise of the small and iinperf(‘< tly 
eonstrueted vi'ssels which such early traders as tho 
Phamicians (;ould send out in thos(^ ic'motc ages. 

Early History. The Roman Statens did 
not, even at a time when Rome was approaeh- 
sng tho zenith of her greatm‘ss, spread over the 
whole of the Italian peninsula. Of the tribes 
which oiiginally occupied tho greater part of 
Italy, tho Latins, the Sabines, and tho Etruscans 
\sere the most nunu'rouM, (lu*. most civilised, and 
the host adapted for development and ])rogres3. 
Th(^ Latins and the Sabines aj)peaT‘ to have iKien 
alike populations of native growth, although 
during the course of their history we shall lind 
that they proved as hostile to each other ^us any 
two foreign races brought together hy invasion 
and thus settled in tlie same country. The 
Etruscans were a people of foreign descent, and 
tinned to be in almost every stmse foreigners 
while thf^y held their place upon Italian soil. 
'Phey constituted a pow^erful State while Rome 
w'as yet ohseure, and if they could only liave 
become united among themselves, they might 
have conquered the whoh*. of that part of lUily 
in which Rome was to grow up. 

They were a highly artistic people, and some 
of tho best monuments which tell of Rome’s 
early growth are described as bearing distinct 
eviaonce of Etruscan creation. Tho Italian 
language is declared to have l)een Etruscan at 
its best. The Etruso4ins loved the sea, and 
were at home thcrcj alike as commercial traders 
and a 4 i;Bea-rovers and pirates. 

The Growth of a State. The earliest 
history of Romo is merely legendary or mytho- 
logical It is the only history we have, and it 
may peihaps be taken as representing, apart from 
ite fabulous and impossible additions, the bc- 
gmning and early growth of Rome into a State. 
Rome is said to have been founded by Romulus 
about 750 years before tho Christian* era. This 
much, at least, we may accept on the safe assiimp- 
lion that it is about as likely as anything else. 
Then wo come to the legendary and the mytho- 
logical. Romulus and Remus are described as 
the sons of Rhea Silvia and of Mars the war god. 
Tjie mother of the children having been a vestal 
consecrated to a life of purity and 


celibacy, was condemned with her cJuldrcn to 
h(5 drown(‘d in tho River Tiber. I'lic cradle in 
which the brothers were ca.^t into the water 
was Hung ashore by cliancc, and thrown ru'ar to 
the den of a slie-wulf, who lreat(‘d them as if 
they had been her own cubs, suckled them, and 
brought them up. jM;u*aulay, in one of his 
“Lays of Ancient Rome,” makes one of his 
figures apostrophise the Roman : 

“ Thou that art sprung from the war-god’s loins, 

And hast tugged at the she-wolfs breast.” 

The children arc said to have b(*on found by a 
slieplu^rd, Avho carried tliem from the den to his 
own home, where t}i(‘y Avere bioiight up by his 
wife. \Vh(‘ii they grew up, conscious, no doubt, 
of their remarkahlo descent, th(\v set out to 
found a city on the banks of the Tiber, and this 
cnt(‘r()rise proved fatal to one of them. Remus, 
according to some legends, quarrelled with his 
brother b(*causc Komulus insisted that the city 
should be called Roma, from his own name. 
x\nother story t(*lls us that \Ahen the* first wall 
of Rome had been built, Remus showed his 
contem})t for the undertaking by l(*aping over 
tho wall— that wall which was meant to bo 
protection against all invasion — and thus aroused 
tho anger of Komulus to such a dogrw that he 
kill(‘d R(*inu3 on the spot. 

Building of Rome. Romulus continued 
his work as a city founder, and Rome was built 
— not in a day, but with patience and aiicccss; 
and he was acce[)fed as the first sovereign of 
th(^ new State. Rome soon became well peopled 
with men, hut there wenj hardly any women 
within its walls. This obviously would never 
do. Hon*, again, we an? given to assume that 
celestial inspiration came to the aid of Romulus, 
although it does not seem to have been the kind 
of inspiration which the ordinary mortal could 
expect from a celestial soAirce. Rom\ilus made 
proclamation that a splendid series of games and 
festivities was to be carried on in Rome, and 
invited tho Latins and the Sabines, his near 
neighbours, to grace the sj)orts by their presence. 

The invited guests thronged to the new city 
in large numbers, and while the festival was going 
on the Roman yo\iths, already instructed by 
their rulc*r, rushed in on the festal ground and 
carried off the young women. After long alterca- 
tions, this extraordinary capture of their women 
led the Sabines to make war on Rome. A new 
marvel was then to occur. During a long and 
desperate battle between the Romans and the 
Sabines, the captured Sabine Avomen, who 
seemed to have become meantime completely 
nHJonciled to their captors, rushed upon the 
field of battle, threw themselves iK'stween the 
opposing hosts, and implored their fathers and 
brothers to enter into terms of peace with their 
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Homan neigliboiirs. Jo tlio modem reader it 
might seem as if ilio devotion of IIk* Sabine 
women to their Roman eaptois could only 
increaso the lialred of the Sal)in<* fathers, 
brothers, and lovers for those m w favoin it.t*s (jf 
their womenkind. Ihjt, th(* Sal)ine. warriors 
magnanimously yield(*d to the prayer* of the 
women; ilu'/ two armies consented to sheath 
their weapons ; the two ju'oples agna'd upon 
terms of peace*, and resolv(‘d to torni tla'inselves 
into one unit(‘d State. 

Rulers of Rome. For a t inu', Honnilus 
and th(^ Sahine king reigiuid tetgether o\(*r tin* 
now State, and on tlu^ d«‘atli of the Sahiiu* 
sovertiign, Korn ulus reigiU'd aloiu*. for jiearly 
forty yc'ars. A( cordiug to legend, Ronnilusuas 
taken from this world to tlie realms of iinmor* 
talily in a Ji(av (‘hfuiot by Ida fatlu*!* Mars. 
Ho afterwards apf)enre(l as a. spirit to a 
Roman friend, and l)ad(‘ that friend hear a 
message to tlie Homan jicoph*, ord(‘riiig them to 
pay homage to Romulus as their guardian deity, 
and to givM) him the name of Qinrinus. J’here is, 
indeed, another story, having h*ss of tin; miraeu- 
lous, which tells us that Romulus heeaim* an 
insufferahh; tyrant, and thattlie Roman senators, 
finding Ins luh; intoh rahle, put him to death 
Heeretiy, cut up his body into small })ortions. 
carried the jxu'tions home with tln'in under th<‘ir 
robes, and huru;(l them in various places, tin*, 
better to secure the secrecy of tin; de(‘d. 'riicn, 
it may have been, tlud. sou\c s(‘iiator couccivtsl 
the. idea of tin; god Mars carrying tlu* living 
Romulus up to heaven in a liery chariot. 

■ After the d(;atli of Romulus tiu*. story of 
Homo’s development go(.‘S on to tell of si.x other 
kings of Rome. Nuimi Fompilius was tin* 
second, and his reign is sakl to have been 
one of ahs()lut(; peace and prosperity, extending 
over a period of nearly forty y(‘ars. Muma 
was follow(id l)y Fullus Hostilius, Aneus 
Martins, Janpiinius IVisciis, and »S(‘rvius 
JHillius. Servius J’ullius, the sixth king, dis^ 
,tinguishefl himself hy endeavouring to establish 
fiomothing like an ofjualised constitution 
among Roman citizens. We are toki tiuit 
be w'as in favour of estahlisliing a ])roporty 
qualitieatiou for citizenship rather than the 
qualitieatioji of birth and rank, and that hy 
thes(; ]>v()}>osed vefurins he aroused the implacable 
liostility of som<; of tin; patrician order, and was 
assassinated hy them, or at their instigation. Ho 
was siiocee<le,d hy Tarquinius KSuperbiis, the 
haughty and Ri;ltish monareh who was destined 
to bo the last of tin; Roman kijigs. Tartpiinius is 
described as having some; (pialities of statesman- 
ship, as well as of eompiest, and hy wars and 
political and family alliances he made Ronu; tin; 
chief nation of the l^alin races. 

Tarquinius Superbus. He abolished 
many of the rights and privileges wliich had 
b(;cn confcrr(*d hy his predecessoj* upon the 
Plebeians, for from the beginning of Roman 
history there had betn that division of tlio 
people into two classes, the Patrieians and the 
Plebeians. Some events which legend ascril)cs to 
the reign of Tarqui lius Superbus— Tarquinius 
th^Troud ” — lia/6 affowled subjects for poetry 


and tlie drama down to modern clays. St^xtus, 
the son of 'I'arquinius, was guilty of a shameful 
outrage; upon Lucrctia, the wife of his own 
cousin. VVheji }i<; had left her in her agony and 
shame, Jmendia sent- for her husband and father, 
who eanu; with some friends, and to them she 
fold tiu; story, implored them to avenge her 
wrong, and in tlu'ir pres(*nce stubbed herself to 
tlie heart. One of those in that horrified grou[) 
was Lucius .lunius Rrutus, a nephew of the 
reigning soveri'ign. 'fhat sovereign had already, 
in one of his hursts of suspicion and hatred, put 
to death tlie (*ld(;r lirother of Junius Brutus, and 
Junius, in order not to be regarded as dangerous 
to the sove reign, assumt'd the ways and manners 
ot a harmless idiot. For that reason he; ree(‘ived 
and ado})te(l the added name of Brutus, whi(;h 
meant an idiotic personage, .lunius being Jiis 
family name*, the name; of an ifillu<*utial house 
anmng the highe*i* Reimans. 

Junius now lhre*w' olT his assume‘d depeu tmi'nl 
eif ielioey, swore* with all the* eithers tei av(‘iigo 
Lueretia's wrong, and ]mt liimself at the; head of 
those* whe) ue*re' de‘te‘rmin(‘d on vengt'anee*. 
Brutus summone‘(l the; Boman ]»e‘ople te)g(‘th(;r, 
leilel tlu'in the* story, and called on th(‘m tei jmnish 
the; tyiant. The; whole* e*iLy took up the* e-ause;, 
and premouuce'd feu* the; depositieiii of the King, 
anel tor his instant banishment from Rome;. 
'rarquiniuH fled and took ivfuge in Ftruria. Some 
of the* ne*ighhouring kings and States e;spouseHl his 
e*ause*. and mave*he*el the;ii* armies against Keuue*. 
Brutus, in the; meant inu*, had be*e'n elected one 
of the* two first ( Wsuls te> w'hoiu the gove;riimont 
e)f the* State, now to he tbrmeid into a Republic, 
was le) be; e*emimilteHl. 

Election of Consuls. J'heso Consuls weTe; 
(e) bt‘supre;me magist rate's, ha vingeepial autlmrity, 
and to be; ele‘e*t(‘d annually. J'he consular e^ffice; 
apjiears and rea})pe;!irs at various times during 
^uece;cding age's of Reiman history. Tarejuiniiis 
had tlu* assisteinee; of Lars Rorse‘na, the sovereign 
of (■lusium, who proved a very powerful ally, 
anel wheise; name has been made familiar te> 
ineidern readers by many historians, poets, and 
dramatists. The* famous battle; of Lake Regillus 
de*eiele>d the struggle in favour of the Romans. 
Tarejuiniiis eseape'd and died miserably in exile. 

A familiar story told of Brutus is that he ordered 
the execution of his eiwn two sons because they 
w’cri; engaged in an attempt to restore Tarquinius, 
so ahseiiuto and unse‘lfish w’as his devotion to tin; 
interests of his country. Lars Porsena proved 
so successful in his march against Romo that he 
w as able.; to occupy a great hill outside the city, 
and would have; emtered the city itself by tho 
bridge which connected the hill with Rome, but 
for the; gallant defence made by Horatius Codes. 
J’he story of that bravo defe‘iu.*e, whether it be a 
real event or a fabulous creation, has been told 
and r(;*told in many languages since the first 
consular days of Romo. Macaulay tolls it over 
again in his “ La 3 rs of Ancient Rome,” and 
reminds us how^ : 

" With weeping and with laughter. 

Oft is this story told : 

How well Horatius kept tho bridge 
In tho brave days of old.” 
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Liirs Porscna finally made pea re witli the 
Romans, and withdrew his forces. But t [i«‘, terms 
on whieli peace was made are variously stated. 
The Roman historians generally endea\ our to 
make out tliat Porsena had no alternative hut to 
make peace ; but the. general o])inioii, both of the 
ancient and of tlie modern world, is that Porsena., 
although h<5 did not persist in striving to occupy 
the city, held it for a while at his nuTcy. an<l 
only withdrew liis troops on condition (hat tlu^ 
Romans should pay him a yearly tribute as a 
practical evidence of submission to comiuest. 

Roman Characteristics. [ p to this 
period the story of Rome has lit tie or nothing in 
it which is ahsolutely au(h(‘ntic-- little or nothing 
which can he established l>y any acdual rc'Cord 
— wJiile many of its incidents and events are 
utterly and obviously fabulous. I hit wv. can 
g(‘t, even from tlie Roman story as wc‘ have 
it, a very clear idea of the g(‘neral character 
and ways of the [a ople it deserilx's — tlu* ])(*oplc 
who at on»' time believed in it. Mod«‘rii dis- 
eovery makes it certain that the foundation of a 
vvallid city on tlu* Palatine' Hill was uii(|iu'st ion- 
ahly laid in some dim (‘arly period, which might 
well correspond witli th<‘ cremation of tli(‘ city of 
i^ome. \V(‘ can lea.rn from tliat slory, fahulons 
or not. wliat avch' tlu^ characteristics which the 
('ally Homans admind and rcvc'rt'uoe (I in (Iw'ii* 
leaders and their lu'roc's, in tli(‘ir wives and 
their children, and Avhat W(Te tim (jualities 
n'gardid as evil a.nd dange'rous In public and 
private w''. I fare. VVe can s(‘(‘. that tlu' Uomaiis 
loved and honoured courage, iinse'Ilishness, 
s('ll‘ saeriliee, in me-n and women alike; that 
the'v he)nour('d purity in women and lilial 
devotion in childre'ii ; tha.( tlu'y adniiri'd 
literature', art, and knowledges : and, e've'ii while' 
far toe) much giveai up to aggression anel eon- 
(juesi, still regarded as among humanity's 
highest (lualities a sincere desire for pe'aee. 

History and Tradition. The' repe)rts 
which reach us, in whatever form, may be' taken 
to rej)reserit the geuieral belief of the' time, and 
thus far can he* aece'pU'd as a contribution 
to liistoiy. We may assume' that the' gene'ial 
impression loft on the mind e)f sue*eee'eling 
gene'rations by tliose earlie'r princes must 
have represented in some eh'gre'c tbeir re'igus 
and • haraeders. Therefore, it. is at h'ast a 
reasonable assumption that tradition givt's us 
in that sense a fair idea of the times, the 
great events, and the* reigning sov(*reigns in 
Rome’s earlmst history. It is not probable' 
that tradition represented a man who was a 
brutal tyrant as a wise, just, and heiu'fieent 
sovereign, or that some man of high eharaeter 
who strove to make^ his subjects hap]>y was 
a Tarepiinius vSuperhus. 

There^ is nothing improbable about the 
story of those early rulers as it lias he'cn 
handed down to the modern world, and, in 
ahsenee of all evidence to the contrary, we? may 
ae'cept it as generally trustworthy. 

Wc have already seen that in its earlier 
days the population of the Roman Stale 
was mainly divided hetw'cen the order of the' 
Patricians and the class of the Plebeians. Such 
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is Hie earliest eondit ion of most race*s and nation- 
alities \vhieli have he'e'u able to form themselves 
into se))arate and distinct States. The men 
who own the* land constitute the onci order, 
and the mt'ii who Ave)rk for them on tlie soil, or 
for the supplying of tlu'ir daily wants, constitute 
tlu' other, 'riuis, it nee‘<\ssarily came to pass 
that Avhen the* last of the e'arlier Roman nileus 
was driven from his throne, re*ee)nstitution of 
soeie*ty in Rome was l(*ft to (he two class(*s, 
the Patricians and the Plebeians. The' Patri- 
cians liad been mainly iiistrumenlal in bringing 
the monarchy to an (‘iid. for tlu* obvious n'ason 
that Ihe^y w'cre l)t*tter eelueatesl, had more* time 
to give; to tJie* ol-'Ser\ atioii of affairs outside 
their own ordinary mean.< of living, and 
W’ei‘<*. therefoiv, bedte'i- epialifieel to form a 
iiidgnie'nt as lr» the* me'iits of (li<' systeun by 
which thc'y were ruled. The J*alriria.ns gained 
most l)y the* al)()Iitit)n of the* kingly system, 
while for the IMebeians things wi'iit on afte'i- 
wards ve'ry much as llu'V hadihuu* iH'fort*, and the 
struggle; for life re'maiued praelieally the same*. 

Rome under the Oligarchy. All cJasse .s 
in Home we're; now' probably agreeelthat the State* 
and its pe'oph* would he Ix'tte'r served l)y (‘I(‘cting 
magislrate's to rule ova*?' its alVairs during a 
ce'rtaiii lixed ti'iiure of otlice, and tlu'ri to be 
succeeded by otlie*rs elected ejii Hie* same 
principle*. Tlu* idea of c({ualily in cit i/,enshi[) 
bad spre'ael so far, e*vcn the'ii, that the Plche'iaiis 
w't'i'e' entitled to give* tlu'ir vote's anel to declare 
their vie'ws at public nu'e'tings. But the' 
Patricians, tlie men of me ans anel sta.nding. 
always had inllucnce' e'lumirh to kt'i'p the* ollice'S 
of State anieuig tlu'ir ow n oreh r. The* Patricians, 

rev'ohition in favour of a re'publie'an system, but 
for the.' Ple'be'iaus it ln'ougiet for tlie* time* little* 
or no capprccia.ble a.d\ anla.ge*. '^ria* new eon- 
ditieuis of llie* Stall* we're* neet by any me*ans theise 
be'haigirig to a J bfui l>lie* in the* meire; re*ee'nt 
S'use of the* ueuel. Jbuni' was ruled by an 
oligarchy — that is, by a syste'in e)f ge)ve'rnnie*nt 
wliieh gave* the wliol-* e-ontrol of alfairs into (he* 
ha.uels of a few. that fi'W being tlie iVetiieians. 
The same* soi t of struggle* betwee'ii the Patricians 
and Ple*l;e*iaus, the laiidow lu rs and the lahotuvrs, 
tlu* rich anel the j)e>e)r, the ])ri\ilege*el and the* 
unprivih'geel, has he'cn part of the* history ot 
alme),st e'V’cry country, but it has se'lde)m lH*<‘n 
st*(*n more distinctly marked e)ut than in the; 
early histeiry of Home. 

The Power of the Consuls. \Vhe*n 
the Tarepiin monarchy had hce'ii brought 
to an end, tlu* Patrie'iaiis, who then had 
to frame* a. new constitution, le'solve'd upon 
the appointme*nt, by i*le.*(*l ion, of two ruling 
magistrates to he* ealle*el (\)risids, who were; to 
he e‘l(*e-te*d annually. The‘se C'eensids were not 
reupiireHl undt*r this ne'vv constitution to consult 
and take joint action on all State e|uestions, but 
each was allowe'd to net on his own judgment 
eoneerning atlairs coming under his irnnuHliate; 
jurisdiction. I'he r(*ason for this jKjwer of 
inelividual action was jirobably found in the 
assumption that sudden dittieulties might arise 
in different parts of the State, that the Consuls 
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might at a moment ))e wideiy separated, ami they now demanded that these refonus 

and that it might not Ixi possible to wait for an should be made realities. The Patricians would 

opportunity of counsel and joint action. It not yi(‘ld as yet, and the victorious legions 

was provided in the constitution that if any therefore withdrew from the city and took up 

st^rioiis difficulty of this kind sliould arise, or their position on a hill .some miles outside, a 

if the two CJonsuls could not agrtM? on the policy hill afterwards known as Mons Sacer, or the 

to be adopted at some momentous crisis, they »Sacri‘d Mountain. The Patrician rulers found 

might ap}>oint a Dictator, who should have* that tlui time had come when it was no longer 

absolute power for six months. The idea of possible, to avoid making some conecssion, and 

popular I’eprc'sentation luid gone far enough in they asked the legions to make known the terms 

those days to stn uro for tlic Plebeians a vote on which they would return to the service of the 

in the (‘lection of their otliocrs, but they wcu'o State. The demand of the Plebeians was that 

not allowed to vot(‘ for any but meinl)ers of the certain magistrates should be appointed from 

Patrkaan order. the unprivileged orders to protect the interests 

Diui result of this principk^ of consular of the ixu)ple. '^riiore w^as nothing for it but t(» 

election was tliat the Consuls b(‘came miturally yield to llu^se demands. Two Plebeian magis* 

anxious to concilinC' tlu^ favour and the trates, d(*signat<.‘d Tribunes of the people, were 

goodwill (»f their own class, and wore apt to appointed, liaving as their fumdion and their 

be somewhat indiiT(*rent towards tlu' rights of right the protection of the interests of their 

the Plebeians, who wcr(‘ not allowed to chooser own order. 

anyone of their own ordt‘r as a rival candidate The Land Question. This new system w^as 
for election. The Patrician class gave to tlie adopted — had to I )e adopted — by the ruling class. 

Army all its officers. The Romans had a Senate, Om^ (-(mcession to justices and fair play naturally 

but the Senate was entirely ma<le up from the hnl to another, and after a while the number 

Patrician class, and naturally gave its main of Trihim<‘S was imacased to tive, and later still 

atUmtion to the. int<'r<‘sts of the Patricians. to ten. 'Phese Trihuims lu'came a rival ruling 

The Plebeians Assert Themselves. powvr to tiie Patrician oligarchy and played a 

The Plelxians soon Ixgan to a(>p?<‘<;iat(' their most important part in tlui suctceediiig history 

numori(;al strength, and were gradually I K'giiining of the Kojnihlie. For fully two centuries this 

to feel that by union and organisation among struggle is told of in the Roman ripcords. Every 

themselves th(\y might be able t<j mak(* some improvement in the condition of the Plebeians 

head against the (hunination of tlu ir masters. (enabled tlu^ working class(*s to obtain better 

'Phe Patricians, let them do their worst, could terms for tlunr labour ami (‘sp(‘-cially better b^rras 

no longer hold th(‘ir working classes as iiktc witli rc^gard to the occnipation aiid jx)ss(^s8km 

slaves, and tlu‘y soon realised lliat they must , for of land. Tlie land question was arnc^ng the 

their ow'nsakes, come to t(‘rins with llu‘ Jffebeiaiis. Romans of those t?arly days, as it has been at 

fn the meant im(‘, there were constant wars one time or another in the history of ev(n*y State, 

going on with neiglihouring State; with the a subjtu-t of lierco dispute and agitation. Romo 

Etruscans, who got ih(‘ better of tlie Romans was continually acquiring by conquest largo 

in soim; battles, and at one period would st'cm extents of mughbonring land, and it was the 

to have ath'iuptc'd, if they did not actually custom aimmg the Patricians to divide this land 

accomplish, IIk* ('-(i])ture of Rome ; and w ith some among th(‘msolves, and make use of it as their 

of the m'iglibouring J^atin races, wlio struggled own property. 'Phere were among tlie Patrician 

to regain their compk‘te iiuh'pimdi'iicc wiicn ord(U* some men of advanwul and enligh timed 

they saw the powi^r of the Romans thus threat- viinvs, who bravely and stiiadfastly advocated 

em'd by the Etruscan forces. The Plelieians the nmdering of full justice to the Plebeian order 

fought side by side witli the l^itricians in and the establishment of equal citizenship, 

these battles, but the T’atricians tilled the ranks An Attempt at R.eform. At all periods, 
of the officers and the Plebciiin.s were only such men liave been seen in every Patrician 

common soldi(‘rs. 'Phe strvss and ini.seiy oligarchy, just as there have been men found 

caused by tlu'se wars fell mainly on the Plebeians, among the leaders of great popular involutions 

who w^i^rc most of them cither labourers or small who did thiiir bi'st to secure just and even 

farmers, and thus tht' division In'twceii the tw-^o merciful treatment for their sul>dued oligarchical 

classes was inevitably im])ressing itself more and lipponcnts. Som(5 of tliese reformers among the 

more on the P](‘heiaris, was making them feel Roman Patricians endeavoured to bring about 

their position intolerable, and inspiring them with a change in ttio land system by proposing that 

readiness for almost any mann(*r of revolution, the Phdjeians as well as the Patricians should be 

The Tribunes. Then, for the first time in allowed a share in the public land. One of these 

Rome’s history, some sixte(*n year's after the ex- reformers made himself thus so dreaded and 

pulsion of the Tarquins, th(^ PlelK‘ians formt'd detested among the Patricians that an absurd 

an organisation to protest against the existing eharg(Mvas brought against him of endeavouring to 

Bysiem. The Roman li'gions had just rotumed attain for himself regal powder, and on this charge 

to Rome, after a conquering campaign, when they he was tried, convictixl, and put to death. Such 

received a command to prepare for a second misdeeds as this, committed by the holders of 

exi^odition. Tlie legionary soldiers were all power, do not always give to tfiat power an ex- 

PlcWans, and at this serious crisis resolved tension of lease, and sometimes have the effect 

ipt t^ether f t their (‘ommon interests, of drawing public attention more suddenly and 

" ha<l for fiomc time Ixxux promised them, sharply to the conditions of the lease itself. 

iiiS Continued 
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By Dr. C. W. SALEEBY 

FluidePressure. In tho language of haroiuotor — that is to say, an instruincMil for 

physios, it must be ronamilxTod tiiat both measuring the pressure of the atmos[)h('re. 

ii(iuids and gases, since they flow, arc^ included 'I’hal, of e-ourse, is all that a baronu^ter does ; it 

und(*r the term of fluids. 'J’he most. im[)urtant tells us nothing about the weatlaT directly. I)iit 
i?iHlancc of fluid- pressure tlie most important is of use in this connection merely because th(i 

fact about fluids — is tlu^ atmospheric.-jin'ssuiv. state of the atjnos])heric. pr(\ssure at any given 

Ev'cry one has lu'ard th(^ ]))irase, “nature time is )> 3 ^ far tlie most- imt>ortant factor in tin* 

ahhors a vacainm/’ but the phrase is far too determination of tho weatlicr. 
nieta])horical to li^ad to the truth, and it was Torriet^lli’s tubi', however, is a. very incon- 
not until tile tinu' of (h'llileo that the explanation venient haronuder, and it is more eonvoni(‘iit 
of the faet was fliscoveriHl. The credit for it to have a IT-shajied tube, eonstitnting what is 

indeinl lies with liis famous pupil 'Forricelli. railed a syplum })arouu*te?\ This, again, may 

It was found that \vat<*.r would rise about .‘10 ft. Ixi! easily modilied Sii . s to give us what wi' call 

in a puinj^, but no piim[) could draw water from a weather-glass. If we ])lace an ron hall so as 

a depth of oO ft. Now, mtucury is many tinu's to float upon tlie imueiny at tlie open (*nd of Ihi* 
heavier than water, and d\»rric(dli tul e, an I attach a string to lli(5 ball, 

supjiosed that in all jirobahility merenrv ('" and a wi'ight to the (‘ml of the string 

would rise in a similar way to walei’, ^ |j/ }>y way of halaneing the ball, we can 

but to a. mucli l('ss h('iglit in jiroporl ion i \ con\ cniiaitly pass the string over a 

to its givat(U‘ weiglil ; and h(‘ was : ( wliec'l, ami to Ihe whec'l we can attach 

right. If we take a long glass tnlx; ( a pointc'r ; this pointer* can tlu'u he 

ck)S(‘d at one end, till it witli mercury, I I mad(‘ to indicatt*- such l(*gcnds as “ set 

ami then turn it upsidt? down in a ! fair" or “ chang(‘al)le " ]>]int<‘d (ui a 

vessel containing mercury, w(‘ limlthat j 1 circmlar cai’d. d’lu‘ principle of rorricdli 

all the imwcnry doc's mtt run out of the ; \ may he (‘mploycil in a nnmhcr of 

tiilxi ,* on the eontiMiv, the meicury / j dilfei’('nt foriris, sneh as the Kew 

sinks ill lh(^ tube only to such an extent \ / haronudiu’, IIk' marine haroimdiT, and 

that there nnnains in the tul>e a • ; ollwn-s wTieh do not eoneeni us Iumv. 

e<)lumn of mereury which is at a. height / \ Ibil w'c may also me i sure tlu‘ Iluid 

of about .‘10 in. above the hwel of llu* jaessun^ of the atmosphtue- by means 

mercury in the vessel. This is (Ije ✓ n of anotluM’ instrument which is much 

fanifius Torricellian exjMM’iim'llt, whieli •' ^ \ \ k'.ss fraiole. since it > ontains no mcaeury 

demon.strat(\s the faet tluit the atmos- | 1 ) or glass. 

phere ha.s a ])r(‘ssure ; for the only i I ) * Aneroid Barometer. Tlu‘ 

possible difVeivnee hetwi'eii thi^ long \ rfl'l/ / aneroid haromeder — litt'rally im'aning 

(ioliimn of mercury in the tube and llu; 1 W M I haromeler that contains no licjiiid - 

mercury in the vessel is that the one \ Nj! simply consists of a round, ilad medal 

is exposed to the atrnospliere and the • |j[ j box emptied of air, and having a. spring 

other is not. The ecdnmn of menairy \ atta('hed to it. The vaiying [iressure 

in the tulie is supported by the jm'ssure of the atmospluwe cause s the lop and 

of th:* atmosphere on the mercury out- MKRoniitAL the bottom of the box to approximate 

side it. The space in tin? tube above hakomktjui to one another in varying <iegrec‘S, which 

tho level of the mercury is as nearly recorded by tlu^ spring, and tliis 

a jx'rfeet vacuum as can be obtained — that is to spring move.s a [Kiinter by means of a levm’. 

«ay, it contains scarcely any air at all. It is The aneroid is (luite a eonveniinl little instrii- 

known as a Torrirdlian vacuutn. Only a few meiit, but it has eomparalively small pndemsions 

years after the first experiment of ddrrieclli, to aecurjiey. 

the celebrated writer Blaise Pascal made the Wlu'ii accuracy is wanted it is nix'cssary to 
experiment of carrying one of ToiTieidli’s tub'cs (jorreet tho ri'adings ( f even the mercury 

to a great height, and found that at the top tiu; barometiu; in vaiioiis ways ; of tht‘se tho most 

level of tlie mercury was considerably low(‘r. important is the correction for temperature, so 

Ho further found that as lie came down the that a first-eJass barometer always has a ther- 

level of the mercury rose, and thus it v^as momeUa* with it. It is hardly neoe.ssary to say 

plainly shown that tho atmosplu'ro possesses a that the menuiry expands as the t(‘mp(‘raturc 

pre^jsure and that tliis pressure lessens as wi? rises, and unless this were allowed for, we sliould 

ascend in it. get tho imjuession that tho atmospheric pressure 

The Barometer (from the (b’<;ek fyamv, was higher tlian was act nally tho case, 

weight, and metrony measure). Tin? reader will The most important points in the construction 
nave already seen that the Torricellian tube is a of a barometer are to make certain that the 
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raer<?ury in pure and absolutely clean, and to gaseous or atmospheric preasuro outside it. 

Ijoil it. By this hist preciiution we expel all But, as readers of the course of Chemistry 

air and moisture which would otherwise tend have already learned, the atmosphere consists 

to aocumulaU* in the Torricellian vacuum, and of a numl)er of giises, and each of these exercises 

would thus make tlie reading unduly low. its own partial pressitre in proportion to the 

Ulie atmospheric pressun* is a dir(‘et result of (piantity of it that is contained in the atmosphere, 
the earth’s gr.ivitatiori, and is simply an (‘x- Thus, while the partial pressure of the oxygen 

pression of the fact that the air has weight, in tlic atinosphen* is higher than that of the 

and thus cxcucris s a pressure on anything tluit oxygen f)f our blood, and thus causes the 

may tn? immersed in it. The English “Standard oxygen in the mr to pass into the blood, the 

Atmosphere” — the woni atmospheu’e or some- partial pmssure of the carbonic acid in the 

times “ at mo,” is now used in this fashion -“is atmosphere, on the other luind, is less tlian 

taken as equivuhmt to the weight of a column of that of the carbonic acid in the blood, and thus 
pure mercury in. high, or about 14.7 Ih. to the carbonic iic'id passes from the blood out- 
Uie S(piaro in<h. This is taken at (Jreenwieh, W'lU’ds to the atmosphere. 

whilst tlie Frontal take tlicir standard at Paris. Applications of Atmospheric Pres* 
Owing to the tact that the earth is not a true sure. Tlie ways in which the atmospheric 
sphere, and thus tlie various points on tlie surface pressure may be utilised are very numerous, and 

of the earth are not nil at the same distance from the most important of them were ernployetl long 

thceiirth’seentre, it is necessary when exactne.ss },ofor(‘. they could be explained. A familiar 

is required to state the latitude where the instance is the boy’s sucker, a bit of soft, moist 
reading of the barometer lias been taken. le^ithcu*, wuth a string attached to its middle 

Effects of Atmospheric Pressure. jioint. It is the atinosy>h(U‘ie pn'ssure that 

Every square inch of our boebes is thus con- cmabh's the (nlge of tlu^ sucker to adluire to a 

stantly expo.stvl to a jircssure of rnon^ than suuiotli stone or other object, wdiich can thus lx; 

14 j 11)., though w(‘ are entirely unaware of it, picke<l up. Another familiar illustration of tlie 

and fe^l nodisc'omfort. 'J'his action of atmosjdicrie pre;s- 

is essentially dm* to tlie fact sure is sliown in the trick of 

that the pressure is the same V turning upside down a tum- 

in all direct ions. It weighs water coveixxi 

down upon our licads, hut it /tv / ^ without the 

also supports us on all sides. / ;/ /: "^ water running out. The 

Thi.s fact, that the pressure Liij;' I explanation of this is plainly 

of a fiuiii the same in ml weight of the w’at(*r 

directions^ is not only of I jw;;- j upon the inner surface* of 

cardinal practical import an<a; \ Ilf counterl^lancixl 

to all, but is also of great ‘ ^ ® J weight or pjx»ssure 

interest, ns wc shall soon see, ^fiiit^J’phcre on its 

to th(* studimt of physics. w|/ 415^^3^ outer surface. 

A very simpk; cxyxriment The Syphon. If we 

will demonstrate the fact of take a U-shayxxl tube and 

atmospheric ])ressur(* upon a:neroii) BtmiMK'rER fill it with w’^ater, and then 

ourselves. Then* is a simple immerse one end of it in a 

little opcTation known as “dry cupping,” which \a*sscl of water, having the other end of it below 

consists in removing part of tlie air from a test the level of the water in the vessel, the winter 

tulK> or from a tumhiei-, as, for instance, by will bo drawn from the vessel and runs out of 

burning som(*thlng in it, and then suddenly the lower end. This simple apparatus is called 

clapping it dow'n upon a portion of tlie skin. the sf/phnv. The explanation of this action 

In a very short time, as the hot air inside the is very simyile. The water in the second 

ve.s«el cools and eontraets, and thu.s causes a half of the tulx;, which is turned downwards, 

low'ering of the atmosjihcric pressure upon that naturally tonds to run out ; but if the wator 

area of skin as eomyiared w ith th(; area that is which is at the bend of the tube did not 

not covered by the vessel, the CO v<*rod yiart begins follow^ there would be a vacuum formed there, 

to swell and rise up into the vessel : this is and so the atmospheric pressure forces the 

t imply due to the fact thal the fluids under the wat(‘r in the vessel up the first part of the 

skin are forced by the relatively liigh pressure tubc^. If, howt‘ver, the height of the bend were 

exercised uyion all the other yjarts of the liody greater than the distance to which the atmo- 

tow^ai’ds the area which has been relieved of part syihcric yiressure can force a column of water, the 

of its jireissure. 8jq)hon w ould not w^ork. That distance, as we 

The atmospheric pressure is also of cardinal saw at the beginning of this section, is about 

importance to us in tliat it is a nec<?Ksary con- 30 ft. This can lx* proved if, instead of water, 

dition of ability to breathe. Our lungs have no we employ mercury in the syphon, and then put 

power of delil>eratoly helping themselves to the it under an air pump. When the air is pumped 

air that we need. The requisite air passes from out and the pressure thus reduced, the mercury 

the atmosphere into our blood by purely ceases to How through the syphon, 

moohanioal action, duo to the fact that the The student of practical chemistry is familiar 
ga^ipp^s pressure i i our bkod — ^the atmospheric with a little glass tube, sometimes graduated, 

^l^emtre, if yon like— is much lower than the which is call^ a pipette. The atraw through 
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which one sucks lemonade is really a pipette. (3) The weij^ht of the fluid being neglected, 
When by sucking one end of the tube we remove the Huid-pi*(‘ssnre is the same at all points in a 
tlie atmospheric pressure upon that emb and fluid nuiss. 

allow it to act exclusively upon the lower end, it The First Law. The lirst of these laws 
forces the liquid up into the tube. Tf, then, we depends really uf)on our thdinitifui of a perfect 
put a finger upon the top f>f the tube or close fluid. By a perfect fluid we nu‘an oni‘ which 

the top of the straw with the tongue, wc arc* able is perfc‘ctly inoluh* that is to say. one whicth is 

to hold the liquid in the tube, just as th(M»U‘rcury incapable? of exercising any obli(|U(‘ prc'ssure 

is held in a barometer. The principle of the uj)on a .surface*. Such oblicjue pressure would 

little syringe with which one prepares to till a be due to the action of friction, and if the fluid 

fountain pen, or of the superior syringe which Ik* perfectly mobih* there* can Ik* no friction to 

has a piston, is exactly tin* sanu*. Benu'inlu*!* act. 

that the atmospheric pr(*ssurc has a limit, or. Another way of putting this is that a perfect 
as someone has remarked, by way of ridiculing fluid otTers lu) r(*sistancc to shmring atres.^. It 

the old-fashioTU'd way of talking. ^ must Ik* remembered, however, that 

“there is a limit to nature’s abhor- ^ we cannot (‘X})('rim(*nt with perfect 

r(*nc(* of a vacuum.” You (*ould not fluids in practict*. Tlu* fluids wt* know 

draw up 4(> ft. of wat(*r in a syringe. 11^ \ perfect in this sense; th(*y 

The Pump. 'Phe pump is really i ! ^ ha vc ;i certaiu amount of vi.s(rosity - «>r 

a sp(‘(*ial kind of syringe. As far as J | , \ “oilin(*sH,” to us(‘ a popular expression 

its prinei}>le is eon(*ern(‘d, it is nothing \ atul thus oiTer a eonsi(h*iable O'sist- 

mon*. VV(' re(piire only some mechani- , \ anec* to objects passing through them 

eal aiTangi'inent so tliat the water I*: jlll ' T — a r(*sistan<‘(* whieli is inon* than tlie 

wlnt'h is raised by the atmospl\erie jj; ;,! i ! ' J result of fluid-pressure as such, but 

pi(*ssnr(', when the })iston ascends, partakes of the n.itun? of fiietion. 

shall b(*. discharged at the ])oint sypnov Iht* resistance of the air has already 

required Av)u*n tlu* ])iston d(*seei)ds. been sj)oki‘n of in dealing with the 

For tin’s pur()ose we must lniv(‘ a eouph* of first law of motiim ; such i(*sislanee is not the 

valves botli ofK'uing upwards, one in th<‘ piston. r(*sult of flnid-pi<‘ssure at all, but of tla* fact 

and the ot}u*r at the bottom of the cylinder tliat the air is not a perf(*('t fhdd irf the sense 

which contains the water; and thus w’lu*n the \\v have* dclined. Still i(*ss is wat<*r a perf(*ct 

piston go(‘s down, tlu* water ])assc.s tlirough the fluid, though the amount of resistance which it 

valve in the piston and (‘seap('s by the spout. oflers to tlu* surface's of a knife })ass«*d through 

'Phe force })ump af)proximat(*s more closely to it edge foremost is e(*r1aiifly vc'ry slight ; ))ul if 

the syringe, for in tins ease the ])lunger is s(»lid wc arc to ri*a('h the I r ue* laws of fluids w'c must 

and the only diflVreriee* b(*tw'e(‘ii the* two is that. (‘Xebide? the action e)f hictiem, anel se) we* must 

w'lu'i’i'as tlie* fluid escape's frean tlie .syiinge? by eemeeive* of a pe*rf<'ct fluiel which olf’e'rs no 

the? same opening as that by which it t'nt(*r(*d, re'sistanee* to any boely, save* thi* I’csisianee* 

tlie force* pump lias a valve* at the* beittuin of whi<*]i is exe rle'd strictly at riglil’^ angle's te) the* 

tJie cylinder e)pi*ning upwards and Jin e'seape* surface* of that l»e>ely, and wliich is a re'sult, imt 

}U})c at tlio same le*vel. An instance of the* of its ])hysical eonditiein, but- eif fluid-pressure. 
eoird)inatiun of the two met heals is furnished The Second Law of Hydrostatics, 

by tlie breathing arrange'iue'ut of the* frt>g, d'lie law’ eif the* e*ejuality of fluiel-pi*essure* in 

wdiieli consists of a combinatie)n of a snrtieai M all elire'cl ieins was elise’overe'd by tlie* Fre*ne*ji 

pump and a force* pump. 'Phe first part of the* I ])hih)SO})he‘r Iflaise Pascal, and is seime'firnes 

act of Im'athiiig consists in sucking air into ! known as Pascal's ])iinci])lc. It may he* 

the moutli, fur which purpose the floor of the reaeh(?d in twei ways -a very eonelusive 

mouth drops, asevreryone who luis ejbserved a ^ preuef of its truth. It may be reaclic'd by 

frog must have noticed, and thereafter the W piiredy nuithematie al means whie;h are able* 

floor of the* mouth is raist*d and the air is I to de'monstrate* that, given the* ek'tinition e>f 

forced into the animaP.s lungs. | a p(‘rfect Iluid, the ])ressut«* at any point 

The Laws of Fluids. In discussing j within it must be th(? same in all direct iems. 

the physics of fluids we first of all took up the But it can also he demonstrated hy means 

laws of fluid- pressure by w^ay of an intiXKluc- ‘ of t*xpcrime*nl. In the* language of higie?, 
tionto the subject, since they yield us many in- wc say that the* first mode* of preK»f is n priori 
teresting facts of practical nuiment. But now' we* f>r deductive, w hilst the se*eond is a posteriori or 

must go more into the details of the laws wliieh inductive. We can he ahsolut(*ly content w ith 

govern the behaviour of fluids, taking first of all our proof of any stateme nt in natural sek*noo 
the laws of fluids at rest. The technical name only when heith tlu'se* me*thods agri'e in demon- 
for this branch of physics is TIydrostatie*s ; strafing it. 

the first part of this word is de'rivcd from hn(tor, Ptadiaps the .simple*.st of the many experiments 
the Greek word for water. The following arc wddeh may he made in order to prove*, the truth 

the three great Jaws of hydro.statics : of Pascal’s principle is that of corking an empty 

( 1 ) Fluid-pressure* is always exerted at right bottle and weighting it so that it sink.s inte) 

angles to any surface w'hich is exposed to it. deep w'atcr ; it will then he feaind that the 

(2) At any point in a motionless fluid the fluid-pressure forces the cork into the bottle 

fluid-pressure acts with the same intensity in and that this occurs in exae*tly the same w'ay 

every direction. " w^hethor the bottle be upright or lurniid 
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upside down or at whatever angle* it be of the small piston of the force pump which the 

placed. man is working. There would then indeed 

Plainly, this law implies that a fluid exerts be a creation of power, but this is not so. The 

an upward pressure as well as a downward one, piston speed of the pump has to the piston speed 

but it is 08 much a mistake to tliink that a of the press exactly the ratio that the area of 

fluid has a detinitc tendency to force things the press has to the area of the pump. In other 

upwards ns t(j forcro them downwards. Its w'f)rds, suppose the [)iston of the press to be 20 

pressure is ahsolulc'ly im])artiiil.; this is the tinn*s as large in area as the piston of the pump, 

cardinal diffenmee between fliiid-prcssurcj and it will llief) movt; at only one-twentieth of the 

the pressun? (*xerted by one solid body on an- .speed. 'J'lieinecban leal advantage of the machine 

other. I'his last is ex(‘rted in one definite is that speed is not what is wanted in the press ; 

direction only. the speed wliieli in the pump is the direct result 

The Hydrostatic Paradox. Now% of the man’s work is translated into force in the 

it follows from the above laws that a very press. 

small amount of fluid can bo made to The Two Kinds of Fluids. So far 

support an indenriit(*ly great w^'ight in fk A W'e have been able to speak of fluids in 

virtue of the fact that the pr<*ssurc exerted n general without distinguishing between 

by the small amount of water can givti them, and w'e hav(* been able to state laws 

rise to a great foii*e if it bo ajiplied to a which an* true of all fluids. But the reader 

wide surface. Tlic pressure exerted by a may have already been somewhat asfonLslied 

small amount of water eommunieaiing at the inclusioti under one term of two things 

with a ri'servoir of water is transmitted V so very diflereiit as water and air, and it is 

through if, and is felt and is (“Xtuted at now finu' to distinguish betw^cen the properties 

every point on the surface of that reservoir. (1 of tw o fluids so very ditt'ereiit as water and 

This may be technically ])hrased thus: if force 1'ke two kinds of fluids are liquids and 

we till with tinid a clos(‘d ves.sel w'itli plane pump gases. So far as the laws of hydroslatics 
surfaces — plane meaning flat, of eourse— are eonecTiK'd, tliere is no distinetion between 

and then exert a small amount of force on a them. It is this fact that lias led to the aban- 


.small surface of tlie li(jiii<l — say, a s(juare inch 
— an equal force is exerted on every s((uaro 
inch of the flat surfaces in (luesfion, and thus 
the force is multiplied. JI(‘ncc it is that the 
force exerted by a very small amount of water 
may be abk^ to support a weight indefinitely 
great. The term 'paradox has been applied to 
this fa<!t because it seems at. first sight impossi- 
ble fhat power can thus Ix^ multipli(*d. The 
truth is that power is not multif)lie<l. No 
mechanical or other arrangement can multiply 
or destroy ])ower. What some arrang(*m(*nts 
can and do constantly multiply is not 
pow'(*r or energy, hut force - n word which 
is technically iiscil in physics to m(*an one 
tiling and one only — namely, tli<* ahilif y 
to do work. ^riius tlu^ hydrostatic 
paradox so called is really no more a 
paradox than the acticai of a lever or a 
pulley, or any other mechanical arrange- 
ment for multiplying force. 

The Hydraulic Press. This is 


donm(‘rit of tlx? old term pneumatic.s,. wliich we 
have not employed. It is really superfluous, 
since the getieral conditions of fluid equilibrium 
are, as we havt* seen, identical whether the fluid 
be li(iiiid or gaseous. 

Compressibility of Fluids. It used 
to be stated that the css(‘ntial ditforenee 
between a li({uid and a gas is that the first is 
iru*oiiipressif)le, whilst the s<‘corid is compressible. 
A gas can be scpieezed into a small compass, 
and when the pressure is relaxed it expands 
again. It is readily compressible. But if w^o 
I I put some water into a syringe and attempt 
to s({U(‘(‘zo it into a smaller space we find 
that it is apparently incoriipre.ssible. 
Then^ is thus a very great distinction. It 
is now a long time sim^e the incompressi- 
bility of li(]uids was dernonstraU^d. Bacon, 
for instance, tilled a leaden shell with 
water, and then hammered and squeezed 
it in the hope that he would bo able to 
compress the water, but instetid it oozed 


often called th(^ Bramah Tress, after the rjiiNCiPLK op through the lead. Similar experiments 
man who efh‘eted an imporfaiit inifirove- iiydhostatio weni made long ago in Florence, globes 
ment in it. It consists esst‘ntially of a. m.achine of silver and of thickly gilded silver being 
strong ])iston working up and down in a employed, but always the water oozod 


strong eyJinder. Into llx* eylinder there loads 
an inlet from an ordinary force pump ; the 
piston of this force pump is quite small and can 
easily be worked by a man, but the force, ho 
exerts is greatly multiplied in pro})ortioii to 
the ratio between the si/e of flic piston wliiirli 
he is working and that of tlx? large piston of the 
Bramah Press. 'I’he work done on the pump 
by the man is precisely equal to the work done 
by the press ; there is no multiplication of 
power. In order that there should be a real 
multiplication of power — such os we have said 
i« dmposJMblo — the s’lped of the large piston of 
the press would have to be the same as the speed 


through rather than siifl'er comprcission. 

As to the distinction between liquids and 
gases, it is necessary to state that liquids are, 
after all, compressible, though almost infinitely 
lt‘ss so than gases. The compression of water 
is' only perceptible under exceedingly high 
pressures. It is estimated that water is com- 
pressible to the extent of about 00005 of its 
volume for every atmosphere of pressure. 

Boyle’s Lraw. We now come to a very 
^*elebrated law dealing with the pressure of a 
gas which was discovered by the Hon. Robert 
!l^ylo in the seventeenth century, and is now 
known by his name. Boyle proved in his 
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experiments “touchinpj the spring of the air,” 
that the volume of a given mass of gas depends 
on its piessure. Hoyle’s law may iK‘ staled in 
several forms. Perhaps the following is the 
simplest: If the temperature be eonstant the 
volume of a gas varies inv<*rsely as its pressure. 
This fact may be expressed in anotlier way. 
For a given cpiantily of gas tla^ prodmd. of the 
pre.ssure and the volume is constant. The most 
popular .statement of th(‘ law wauild run some- 
thing like this : If we take a given quantity 
hy weight of any gas we find that th(‘. grc'attn* 
the spH(!e it oeeiipi(‘s the k‘ss is the pre.s.sur<‘ it. 
exerts, and rtVe vrrm. 

This exceedingly simj)le law may be taken as 
true for all practical purposes, but it bus reecaitly 
been found that it is not absolutely true in all 
ca.s(*s ; especially it is found that at V(‘ry high 
pressun‘.s tlie law is only ap])roxima.tely, not 
ahsolutely, obs(‘rva‘fl. 

A cardinal dilTerencc' betwanai licjuids and 
gas(‘s is that the latter alone always lill any space 
ihat may contain them. You cannot fake a 
small (junntity of air and ])nt it in tlx' bottom 
of a ves.sel and expect it to reniaiii there ; it 
will (‘xpand so as to c*om])k‘t(‘ly till the vessel, 
jio matter wiiat its .si/e may be. This fact, of 
course, is naturally as.soeiated with Hoyle’s 
law. lJ]>()n it dept^nds the principk? of the air 
pump. I^)r if \ve connect an empty ve.s.sel 
witli a vessel eontainiiig air tiu* air will at once 
lill botli (d' them, and thus by a snnplf' meebani- 
cal eonlrivaneo it is juissibh' to r(‘duee the 
amount of air in tlu' vesstd to an indelinite 
degree. 

The Air Pump. I( ence, we hav(' the air 
pump, and tho first point wo noli^'* about it is 
tlia.( w'(.‘can boju* by this m<*ans to extract 

all the* air from a V(’ssel. Kvciy tiiiui the pump 
i.S Worked vv(^ can extiaet p('rhaj>s half the 
remaining air, hut if we follow tliis out it will 
1)0 .seen that such a process w ill n(*\'er result in 
completidy emptying (lie vessel. If you owe 
a rmin a shilling, and proee(‘d to pay him first 
sixfieriee, tfien tlneepence, then thre(‘-halfpenee, 
and so on, halving the amount of your ]r\yment 
each time, tlie delit will not be paid even in 
infinite lime; and the ease of the air pumj) is 
similar. lienee a perfead vacamm can nevei- be 
tlui-; obtained ; but a vacuum winch is aliin)st 
perfect can be obtained by the simplest possibh' 
mean.s, and this is tin; Torricellian Vacuum, 
which was described when we witc dc'aling with 
atmospheric pressure and the harometer. 'PIk' 
space left at the top of the closed glass tui>e 
there described contains nothing but a very 
small quantity of the vapour of mercury. 

In contracfistinction to the Ix'baviour of a 
gas, which alw'ay.s tills any space in which it is 
contained and which thus enables us to main' 
air pump.s, is the behaviour of a liquid, which 
always has a free surface. 8 ueh a .surface is 
horizontal or level— at any rate, we. d(‘serib(* it 
as such, and such it is for pnictical jiurposes ; 
but as a matter of fact the surface of a liquid, 
even water in a tumbler, is not horizontal or 
level, but is curved, having a convexity which 
correspfmds to, and is indetsl part of, the 


general convexity of tho earth. Evoiy part of 
the surface of a liquid is at the same distance 
from tho (‘arth’.s coniro, n?ul thus tho surface 
cannot Ix^ aKsolutely level, though it is practi- 
cally so. If we plaee in a ve.s.s(*l two Ihiuids 
which cannot mix, such as oil and water, w'c 
similarly find that the surface betwcsMi tlie two 
is practically horizontal. 'Phe saint' tiling is tnu? 
in the ease of gases. Afler an (‘.vplosioii in a 
coal-mine, tlu* earbnnie acid, as the miners well 
know, U'ing heavier than air, seeks its own 
k'vel, and tills the lower part of the workings. 

A large number of considerations in hydro- 
statics have alrt'ady been di'alt with, amongst 
lbe.st* being the ])rineij)le of Arehiinedt's, tho 
eijiiiiibrium of Ho.iting boities, and the whole 
(piestion of specilii* gravity and hydrometers. 

Physics of Fluids in Motion, As 
tlu* readi'p would ('xpeel, tliis part of onr subject 
is known as Ilydrokiru'lir’s ; it is one of the 
most recondite parts of physics, and it is largely 
in ordt'r to simplify, as far as [Missibk*, the stmly 
of it that physicists hav(‘ iiivenled th.; eon* 
(•(‘pliun of a pi'ifect tluid, since, when friction 
and vi.siosify are taken into account in the 
study of tluid motion, the whole suhjeet, becomes 
prai'liealiv too dinicuK for proseeiiiion : evi'ii 
the* riuUion of perfect fluids is to be investigated 
only with veiy gri'at ditlieulty. I\rhaj)S tlu^ 
most ini])ortanl piopositimi in hydrokinetics is 
that arrived at hy 'Porri(‘e|li, (hdil(M)'s famous 
pupil. It di'als with tlu' speed at which water 
Hows out of an opi'uing in a vi'.ssel. 'Phe studi'iit 
will b(' prepao'd to beli(‘ve Ih.it th(* rate at 
which tlu* tluid, .say uati'i*, flows out will d<q)ond 
upon its pressure, and its pres-,ure will plainly 
deperul Uf)on its weight. W'e <‘an measuri* 
the spied at which WMler will fall Irei ly from a 
height, and 'Pori'iei'lli showed that the spi'cd 
with which thi' wati'i* will issue from tla* opiaiing 
«*()iTes])onds to a fall from the heiglit. of ih- 
surface of the' wati'r above the opening through 
which it i.ssues. Hut complications an.se. For 
instance, the actual speisl at which the water 
emerges varies very greatly with llu' .shape of 
till' opening. 

'Phe pressure of moving liijuids is a .'ubject 
loo eonqilieated to lx* tn ated in siu h a eoursi* 
as tliis. Jbil it is an exeeidingly important 
suhjiet, and its importanei' lias greatly increased 
in late years. Tpoii tlie pres.-un' of moving 
liquids depends the turbine, and, as the ri'ader 
is aware, this form of niotoi* is now rapidly 
superseding all its predeee.s.sors in naval 
engineering. 

Limit of Speed Through Water. 

'^I’lu* last point, to whieli we iieerl refer is one 
.to w hich allusion has alri'ady been made ; it 
coneeriis the limits of attainable speed through 
Avater. 'Phe task which has to be performed 
by the engines of a ship is to ovi'reome the 
resistance of the water— moiiJ aeeinately, we 
.should .say, by the engiiu's of an already moving 
ship. Once the .ship is in motion, as we have 
seen in our study of Newtons first law, it Avill 
continue to move for ever but for tlie external 
resistance, and it is that re.si.stanie that llie 
engines have to overcome. Nows it might at 
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fa’s! be thought that if eagiiicH of l,0(X>-horae 
jKiwer can develop a sfX'txl of, say, 10 knots 
an hour, then in ord(U“ to develop double that 
speed it will bo nec(‘ssary merely to double your 
horse power ; but this is very far from b(‘ing 
the case. In the first y)lace, the resistance of 
the water to the vessel iner(‘ases, not as the 
S|)ecd increases, but as the .sijuare of tlie s}>ee(i — 
that is to say, if you double the sfx_‘ed, you 
quadniplo the resistance. Further, it is ol)vuoua 
that the distance through which the resistance 
is overcome in a giviui time varies accoiding to 
the speed. Hence, it follows that the horse- 
power necessary for any vessel must vary 
aecording to the r.uhe of the speed (U'sired. In 
olh(?r words, if you wish to double the speed 
of the vessi'l, you rcapiin*, not twice* the horse- 
power that you held bi'fons but eight times the 
liorso-power, eiglit being the cube of two. 

THE PROPERTIES OF MATTER 
Molar and Molecular Forces. The 

reader will bo ratlu'r aatonislied, ptwliaps, to 
observe the title of the S(‘etion we now introduce. 
What have wo been talking about hitherto, he 
may say ? (\ r1ainly ■v\e have been talking 

about matter, but w(i have; been eoneorned with 
matter in general, and witli tlu; forces which 
are displayed in and by matter. Similarly, in 
discussing motion t}i(‘re has bec'ii implied the 
idea of tJu; matter which moves. Nevertiudess, 
there are certain important projierties of maibu' 
to wJiicIi wo have S('aroely alluded. Pliysieists 
often employ two very convenient words in 
order to distinguish lu'twtHui the forces and 
properties wliich are to be discussed in the 
present section. Thes(; words arc; molar and 
molecular. The first of tbesc^ words is derived 
from the Latin violes^ a mass, and the second 
word is the adjective derivc'd from tlie word 
molecule, which literally mi'ans a little mass. 
Now, in the course on chc'tuistry a very careful 
and imporlfuit distinctiem has Imm'ii drawn 
bc^twtaui the word atom and the word molecule, 
hut it was also pointed out that tlie use; of the 
word molecule had been altered in recent years. 
It was noted that nowadays the word molecule 
is applied to a combination of atoms, whereas 
only a few years ago the; two words W4;rc; 
Bynonymous. Now, when the physicists S{K*ak of 
molecular forces they are using the word as much 
in the old sense as in the now. The r<nidc;r who 
comes to this section, after having studied in the 
course on Fhemistry tlie dillc*renee bc'twecm the; 
meanings of atom and molecule, is entitled to 
expect that when we come to sjieak of moU;e-ular 
forces w(; mean the forces displayed by mole- 
rules as distinct from atoms. Jhit, in point of 
fact, the forces of wliie li we are to 8|x;ak are in 
some cases really molecular in the precise 
modern meaning of the term, hut are not in- 
frequently atomic. Only too often the physicist 
is not jirepared to say whether these forces, and 


these peculiar properties of various kinds of 
matter, are duo to the character of the mole- 
cules, or to the character of the atoms that go to 
make up these molecules. So much for one of 
the many explanations that are necessary in 
consequence of changes in the use; of words. 

Chemical and Physical Differences. 

Now, we must have even another explanation. 
In the very first page of our course we dis- 
tinguished between physics and chemistry 
by declaring that, wheu'cas chemistry deals 
W'itli particular kinds of matter, physics deals 
with matter in general, and that distinction 
is perfectly true. Chemistry seeks to analyse 
the various kinds of matter and reduce them to 
wdiat are called their elements, and then it pro- 
ceeds to take; lliese; e;lemonts one by one, and to 
discover all that may he^ known about each of 
th(‘m. The forces and properties with W'hich 
chemistry has to deal arc thus said to de|x;nd on 
the e‘he*mieal composition of whatever substances 
it may he studying. But, in addition to these 
chemical forces, the.;re are; a number of other 
kinds of force‘S displayed in c(;rtain kinds of 
matt-cT which do not at all depend upon the 
chemiical composition of the matter in question, 
hut upon its physical state. Familiar instances 
of the distinction w^e are seeking to recognise may 
be furnished by water and carbon. So far as 
the; clu'mist is eoneerned, water Ls still water, 
consisting of constant projiortions of hydrogen 
and oxygen, no mail(‘r whether it bo liquid 
water or solid water or gaseous water. But 
the* physicist is profoundly interested in the 
diffiTcnccs between these throe kinds of w^atcr. 
Tliero is no chemical difforcnco, we observe, 
between iex) and water vapour ; the chemical 
cennposition of each is the; same, but the physical 
diiTerenex; between th(‘m is profound. Or, again, 
take carbon ; the. diamond and charcoal, and 
the black material in a so-called load pencil, 
these; all have the same chemical composition — 
they simply consist of earlxin. But thii physical 
diffen.'iices bt;twx;cu them arc very great indeed, 
and are deeply interesting to the physicist. The 
chemist says that the kind of matter in each of 
these throe; Bp(;cimens is one and the same ; 
and that, of course, is an exceedingly important 
fact. But here the physicist takes up the dis- 
cussion, and says : “I thank you for this extra- 
ordinary disco \x;ry that diamond and charcoal 
and graphite; all consist of the same kind of 
matter ; but now I am going to inquire what it is 
that enables one and tlie same kind of matter 
to show itself in such profoundly different forms 
as diamond and charcoal, or as ice and steam. 
The kind of matter is the same, the atoms and 
the mole<;ulcs arc identical, but plainly they 
must bo related to one another — in one way in 
diamond, and in another way in charcoal. 
The dilTeroncos axe not chonxicali but 
physical.” 


Continued 



THE ORDNANCE SURVEY 

History and Scope of Ordnance Survey Maps. Land Measurements 
in Great Britain and Abroad. Metric System of Measurements 


Group 11 

CIVIL 

ENGINEERING 

8 

fpim 

Him 


By A. TAYLOR ALLEN 


History. The Ordnance survey is a tri- 
gonometrical survey of the United Kingdom, 
and is performed by officers and imm of fhti 
Hoyal Engineers., 

Apart from all scientific and other considera- 
tions, it must be admitted that this survey of 
the United Kingdom lias, so far as the public 
is concenied. more than fulfilled the object it 
was intended to accomplish. It is, in fact, the 
only reliable survi'V of the country that is 
jmbliahed and available for reference. 

Tbe preparation by tli<^ Government of ta 
general map for any portion of the country was 
tirst proposed after the rebellion of 1745, when 
the want of a reliable map of tbe northern parts 
of Scotland was much felt by Army oflicers. 
'I'his was the first State surv(‘y of any ]»ortion 
of the King’s dominions that was ordered for 
military purposes. 4'liis extensive work was 
(‘ntrusted to Lieutcnant-fieneral Watson, the 
Deputy Quartermaster of (treat Hritain, who, 
with tiie aid of Major-Gmieral Roy. was engaged 
for 10 years in exi'Ciiting the work. Tlie map 
was drawn to a scale of I'j in. to the mil(‘, but 
it was never published. 5Vcnty-nine years 
elapsed before any other portion of the country 
was surveyed by the State, and tlnui the work 
was undertaken for scientilie, ratlua’ than for 
military, purposes. It was with the object of 
eal(!ulating the difference of longitude between 
th(^ observatories of London and Iharis tliat, 
in 1784, General Roy measured a base-limj on 
Ilounsiow Heath, which started a scries of 
triangles extending to Dover. 

Origin of the Present Ordnance 
Map. A fcAV years later the (tovernment 
decided upon having a general survey of the 
United Kingdom prepariHl for military pur- 
poses. This W'as the origin of the present 1-in. 
Urdns neo map, and the triangulation carried out 
by (General Hoy in the 8outh-cast(*rn count ics 
hcenme the basis of the general triangidation. 
As tho survey was extendi^d westwards it was 
wnsidered advisable to measure another ba.se- 
line. 'I'his was done on Salisbury Plain, and 
for purposes of voriJication other lin<*s w^erc 
measured, at Misterton (^arr, in ISO I, and 
Rhuddlan Marsh, in Flintshire, in ISOtl. Tlie 
first sheet of this survey w'as published in 1801. 
About this period tho public utility of Stale 
charts for purposes other than those of a 
military character began to be recognised. 4^110 
public demand for better maps than were then 
available became so great that surveyors w^orc 
engaged for the purpose of pn^ssing forward the 
Completion of the I in. survey that w'as then 
in hand. 

The principal triangulation in Scotland was 


eommeneod in 1800. Rut little progress hsd 
bei'n made when tin* oOicials and surveyors were 
withdrawn to enable Oiern to carry forward the 
detail maps of Fnglaiid. (»oing north again in 
181 ‘I, the wf>rk was pushed steadily forward for 
six or seven years. In tbe three following years 
the Scottish survey, although not altogether 
suspended, made hut littli? headway. 

The survey of Ireland w'as requirc'd for political 
and administrative jmrposes, and the Govern- 
ment decided that tlie map should be piefiared 
to tbe scale of 0 in. to tbe mile, and the chief 
stnmgth of the siirvc'ying corps was transferred 
to Ireland foi‘ this purposi*. 4’he map was coin- 
))leted in 1845. 

The value ot this d-in. man having been 
proved, a siirvi'v for a similar map was eom- 
menei'd in the nortlnsm counties of England in 
1840, and in the following year si‘condai‘> 
operation.s for a map of Scotland, also on a 
larger scale, W’cri^ l)egun, but in 1851 aeouimittoe 
of the House of (’ommons recommended that 
the (»-in. maps be stopped ami the l-in, maps 
completed in detail. 

Triangulation of the United King- 
dom. The iiriinarv triangulation of the United 
Kingdom was finally eompkded in 1852. It 
compris(‘s in all 250 trigonometrical stations, 
and a map showing all these lines, which i** very 
seldom .seen, ])r(‘s(Mits tin; appearanci^ of a huge 
spider’s weh, with its centn‘ laid on Salisbury 
Plain. The averagi* length of tlie sid(*s of the 
triangles is ‘}5’4 miles, and tin* longest measure? 
Ill miles. Tlx* accuracy, or otherwise, wath 
which the triangulation was carried out wavs at 
one time tested, with extremely satisfactory 
results. 'Pile length of the base-line measured 
in Ireland on tlu*. border of Though Foyle w^as 
calculated tlirougli a seri(*.sof triangles from the 
base on Salisbury Plain, and tbe length so 
found dilTen^d from tht' measure<l base by only 
a little niiwt* than 5 in. Tlx* itistanee apart 
of tlx'se Uvo liases is about ‘kJO miles, and 
their length about 41,()I4 ft. and .‘ki,578 ft. 
resjiectiveiy. 

From tho opinion of a large inimbei* of tlx* 
most eminent seientifie and practical nx'ii it was 
found that the great preponderance of opinion 
was in favour of a scab* of .j;/,)oth, or m*ar'ly 
1 in. to the aen*. 'i’his scale was therefort* 
ordered in May, 1855. 

'Plx^ charge of tho Ordnaixio survey was 
transferred to the Board of Agriculture on its 
formation in 1890. 

Maps and their Uses. The standard 
maps published by tho Ordnance Survey 
Department, and obtainable from Edward 
Stanford, of 12, 13, and 14, Long Acre, W.C., 
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tho solo Iwondon agent, and from tlie Ordnance 
Survey Southainplon, are as follows. 

General Map. A gnimil map of tho whole 
of Or(*at JJritain and Ireland on tlie scale of 
1 in. to 1 statute mile, and j)repand on one 
uniform system. On the coloun'd nn\ps the 
county houndaries are shown hy a softened 
hand of colour. Tlu' larger parks are gretm. 
the ])rincipal roads hrown, tlu^ rivers and 
canals blue, and the railways red. 

There are two serii's for England and Wales, 
know/i as tlieN(‘w S(‘ri(‘s and the Original Stnitss. 
'rh(‘ N(‘w S(*ri(‘s is published in sheets engravcsl 
in outline with contour lines. 'Phe size of the 
work on the sheets is IS in. by \'2 in., ri‘presenting 
IS by 12 miles. 'Phe Oi iginal Seri(*s is publi.shed 
partly in sheets and ])artly in (piarter shec'ts, 
hills being shown by vertical lia< hur(‘s. 

'Pins map is of use principally ns a road map. 
It is too small for any great detail to be shown. 
It is the eyelist’s favourite seak*. St(‘ps have 
been taken to imsure that each sheet shall be 
revi.sed every lo years. "Pin* s(‘eond revision has 
already begun. 

County Maps. Oinnitij .l/^;ps, on th(‘ .s<ah‘ 
of b in. to one statute mile, engrav(‘d or 
drawn, and pul)lished in sheets an<l (for 
certain count i(‘s) (piaiti'r sluM-ts. 

A lull sheet repri'sents (i mile.s by 4 mil(‘S, 
and contains ir),‘i(iO acres. A <|uart(‘r 
sheet represents d miles by 2 miles. 'Phe 
sheets of (‘ach eounly are numbered liorizon* 
tally by Roman numerals. 

'Phe (['larttM* sheets lK>ar the nunn'rals of 
the full sheet, of which th(\v IVu’in a part, 
with the addition of th(“ initial kdters 
N.W., N.R,. S.W’., S.K., ae<or(ling to the 
position they oecnjw on the full sherd. 

'Phese county maps show mon* detail than 
the geiK'ral map, but are not large enough that 
any accurate work may be sr t out from tluMu. 
but very valuable for t'state puiposi's. 

Parish Maps. Maps^ on tin* .scale 

of j.'.'ooth, or 2.’) dlt in. to I mile, which is 
approximately ('(jual to I ami^ for every 
s(|uare inch on tlu* map. A sheet re])re,sents 
l.J miles by I mile, aral contains htU) acres. 
Sixteen plans on this scale ff^rm one (bin. 
full sheet, and bear a. double reft'renec' 
number. 

4’his is the Ijest size for general work. The 
smaller aeale.s are too close, ami the larger 
ones make very cumbrous ruap.s, if, say, for an 
e.state, two or three arc joimal together. 

Town Maps. 7’o/r/i on the .scale of 

or 12<)'72 in. to I mile, or 4141(1 ft. 
to I inch, whicli is adopted for all town.s of 
more than 4,Ut)() inhabitants. Raeh plan 
represents 24 ehairrs by lb eliains, and con- 
tains 38' 1 acres, and shows the arrange- 
ment of tlie beds in the gard(‘ns. 

The sheets of these maps bear a treble 
number. .Maps of eertain towns have lH*en 
published on the scale of ;,.iKtb, or Id ft. to 1 
mile. Mild many on the scale of 5 ft. 

to I mile. \ seal of SS divisions to I in. is 
apphefeble to the latter map. 
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The map of tho ITnited Kingdom, on tho 
scale of i(To('M,oafh, is expected to be publidhod 
during the (mrrent ye.ar. It is claimed that it 
.should bi‘ useful as a wall map and for educa- 
tional purposes. 

Maps for Schools. A now departure has 
been made in tlu' supplying of schools wdth 
s])eeially printed Ordnance Survey maps at a 
very low price. The.so maps are issu(*d on a 
written undertaking from the lieadmaster, or 
other r(*.s])onsihle representativ(‘ of the school, 
that thi'V will not he ])laee(I on sale, and will he 
used for educational purj)oses only. Over 
Ib.OOO t)f tlu'se maps were supplied in 10034)4. 

Engineers and sui’v^iyors find the Ordnance 
maps and area l)ooks absolutely necessary for 
much of their work. Tlu* Ordnance Survey 
rcfen'iicii hooks give the are.a of ('vmy bekl 
and enclosun* to the thousandth of an acre, in 
acres and ilecimals. 

A resume, giving full ))artieulars of all the 
Ordnance and g('ologieal survay maps, plans, 
etc., can be obtanu'd from tlu? agfuits for the 
sale of ma])s. 

Edward St an fold . . London. 

J. Mi'nzies iV Oo. .. Edinburgh. 

Hodges, Figgis t'i: Co. . . Dublin. 

Ordnance Datum. Tlie Ix'ucli marks of 
the Ordnanc(‘ surveys arc of this pattern T\ 
and art* known as Ordnance bench marks 
(O.R..M.). 

'riu' horizontal line represents the spirit h'vel, 
and the three strokes forming the arrow 
r(‘[)r(‘sent tlie k'gs of tlii^ stand of the level 
(t(*eliniea]ly known as the tripod). On the 
sluHds of tlu* Ordnance Survey the levels of the 
.seveial IxMieli marks arc* numbend in 
and decimals of a foot abovi* mean high -water 
mark at Livi‘rf)ool, wbiidi is assumed to be 
O tMt) of a foot below tlie general mean level 
of the .s(‘.i. These heiglits have been determined 
at many points tlirougliout the country; each 
is d('signat(‘d by the mark referred to, lieing 
in a wall, or footpath, or milestone, at tho spot 
indicated on the Ordnance map. 

Land Measures. (Originally land measure 
dilfereil in various parts of England, and was 
governed by the custom of the particular 
locality in which the land wa.s situated, hence 
the term “ Cu.stomary .Measure.” 

Now, however, land measure for tho whole of 
England is goveined by Statutes 34 Henry 
VHl., 5 Oeorge IV., chap. 74, and 5 and (5 
William IV., tdiap. 03; hence the term 
“ Statute Measure.” 

Conseijuently, in old documents, one occa- 
sionally comes across plans, etc., giving the 
area of lands in customary acres, roods and 
perches, and it is, therefore, n('C(*ssary to reduce 
caslamtry to M'Uute, and sometimes statute to 
customary measure. 

The same remark applii‘s also, in some cases, 
when dealing with land in Scotland or Ireland, 
or other parts of tlie world, where the land 
me.HSure dilTers from our statute measure. 

1. By the Act 5 George IV., chap. 74 
(June 17th, 1824), it is enacted : “ That our 
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present yard shall be denominated the ‘ Tm- 
perial standard yard ’ ; and shall l^e the unit, 
or only standard measure of extension, whereby 
all other measures of extension wliatsoevcr, 
whether the same be lineal, supcrlieial, or 
solid, shall be derived and computed ; and that 
all measures of length shall be taken in parts, 
or multiples, or certain proportions, of the said 
standard yard ; and that one third part of 
the said standard yard shall be a foot, and 
the twelfth part of such foot shall b(' an inch ; 
and that the rod, pole, or perch in hmgth, 
shall contain five such yards and a half ; the 
furlong, two hundred and twenty such yards ; 
and the mile one thousand seven hundred and 
sixty such yards.” 

2. By th(^ same statute it. is enacted that 
all superficial measures shall bo eom|3ut(*d by 
the said standard yard, or by certain ]>nrts, 
multiples, or proportions thereof ; and that 
tlie rood of land shall contain one thousand 
two hundred and ten square yards ; and that 
the acre of land shall contain four thousand 
eight hundred and forty such scpiaro yards, 
being one hundred and sixty S((uaro rods, 
poles, or perches. 

3. By the Act 5 and G William TV., chap. 03 
(September Gth, 1835), all hn'nl ur ntfitnnwry 
V eights and measures are a hoi island, not only 
in England and Wales, but als(3 in Scotland and 
In'iand. 

Multiples of the Yard. Tlie yard being 
the British standard lengtli, it is multiplied into 
chains, furlongs, and miles, and divided into 
feet and inches, the chain of 22 yards being 
divided into 100 parts, or links, each of which 
measures 7 ‘1)2 inches. 

In the school table books 5 J yards is call<*d 
1 rod, pole, or percli, and the square formed by 
this length, containing 30] sq. yd., is called 
1 sq. rod, pole, or perch. 

Surveyors object to this confusion of terms, 
and are generally agreed that the term i)olc 
shall be used for lineal measure, and p(‘re]) for 
square measure, so that areas in land surveying 
are usually stated in acres, roods and perches, 
any fraction over being stated as .{, or :J,to 
whichever of these it is nearest. 

The Ordnance surveyors use three places 
of decimals for the fractional perches, giving an 
appearance of accuracy w^hich the work itself 
will not warrant, us an allowable error is 1 perch 
per acre. 

Formerly, by custom, the perch varied in 
different parts of Kngland, and with it, con- 
sequently, the acre also varied in proportion. 
In Devonshire and part of Somersetsliire, 15 ft., 
in Cornwall, J8 ft., in Lancashire, 21 ft., and in 
Cheshire and Staffordshire, 24 ft. were accounted 
a perch. In the common field -lands of Wilt- 
shire there was a customary measure of a 
different nature — viz.^ of 120 instt^ad of IGO 
statute perches to an acre, so that 30 perches 
of statute measure made 1 rood of customary, 
or 3 statute roods made 1 customary acre, 
or 30 statute perches made 1 rood, and 4 such 
roods mode 1 acre customary measure. 


It may bo observed that 4,840 sq, yd. make 
1 statute acre — 3,630 made 1 Wiltshire acre, 
4,000 made 1 Devonshire or Somersetshire acre, 
6,760 made 1 Cornwall acre, 7,840 made 1 
Lancasliire acre, and 10,240 sq. yd. made I 
acre of the customary nu'asiirc of Cheshire or 
Staffordshire. 

The Scotch acre contained 1,‘244.‘ sq. yd., 
and the Irish acre 3,000 s(j. yd. more than the 
English statute acre; whiU^ the Scotch mile 
was 21Gi and the Irish mile 4S0 yards more than 
the English mile. 

Tht' standards of measurement in London 
for testing chains, rules, and rods arc situated 
in the Cuildluill and on th<‘. north side of 
Trafalgar Square, and may l>e used free of 
(‘barge. 

Reducing to Statute Measure. In 

many old surveys and plans the area is given 
in Icjcal and customary aer(‘S, rods, and perches, 
e()iise(pii‘ntly it is neec'ssary to give the method 
of nalueing l(X‘al or eiistomary measures of land 
to statute measur(3 and statute to customary 
measun*. 

MktuoI) No. 1. When the number of feet in 
a customary perch is given, reduce tho custom- 
ary quantity to square fe(‘t, and divide by 
272*25, the numla*!’ of s(piare fe(‘t in a statute 
p(Tch, and again divide th(.^ quotient by IGO, 
the s(piar(^ perches in an acre for acr(‘s; and 
tho remaiiulc'r, multiplical successively by 4 
and ' 40, and divided siuseessively by 160, 
will give the roods and perches statute 
measure. 

Method No. 2. When tlie nurnhor of s(|uare 
yards in a customary acre is given, reduce 
the area (customary nu'asure) to acres and 
decimals of an acre, multiply by the number 
of s(puire yards iu a customary acre, and 
divide by 4840. the square yards in a statute 
acre, and reduce tho decimals to roods and 
])erches by multiplying successively bv 4 
and 40. 

Problem No. 1 . Keduee 1 7 a. 0 r. 9 p. customary 
measure, when the cust(miary perch is 15 ft., to 
statute measure. 

a. r. p. 

Anvi, eiistomary measure 17 0 9 
Foods in an acre. . . . 4 

Cust(3inary roods , . G8 

Perches in a rood . . 40 

Customary pcrchi's . . 2729 

*Sq. ft. in (uistomary perch 225 
J3(>45 
5458 
5458 

Statute feet in 272-25)GI4025 00(2255 v, 

statute perch 54450 statiito 

69525 perches, 
54450 
'150750 
UG12r) 

146250 

136125 

'10125 
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Square perclios 100)2255(14 0 15 arc a statut** 
in 1 acre ](j() *=*=*= measure. 

055 

040 

15 

4 roods 
1 () 0 )() 0(0 
40 

I(i(»)2400(l5 {KTclu'S 
KiO 
SOO 
SOO 

Problem No. 2. llcducc to statiit(‘ measure 
H)a. I r. 10 |).» wIk'ii tlie eiistoinai vacreeontain.s 
:i(>,0(K)s(i. tt. 

a., r. p. 

Area, customary mea- 
sure 10 I 10 

10 and 50 

1 (»0 acr(‘s 
l(i‘.‘1125 acr(‘s 

^'ards in customary acre 400t) 

Yards in statuteacre 4S4‘O)()525 (M)0t)O( K1-4S14 
4S4 
ltiS5 
I t52 

2 :no 

WM\ 

w.m 

:}872 

oso 

4H4 

lOtU) 

llKJt) 

240 

i:{-48ll 

__ f ^ 

1 •0250 

4(t 

:i7-0210 

Area, stalulc m('asur(^ ; 15 a. 1 r. .57 p. 

To nnlucc statute to customary measur<‘ the 


prot'css is, of course, precisely similar, onl}’’ the 
multipliers and divisors are transposed. 

Foreign Miles. — Tho miles recognised as 
standard in foreign countries vary, and arc 
as follows. 

Denmark . . . . 7,255 English yards. 

France (small degree) . . 2,1)33 „ 

„ (mean degree) . . 3,000 

„ (large (U*grce) . . 4,400 „ 

(Germany . . . . 5,806 „ 

Ireland 2,240 

Italy 1,407 

Poland 4,400 

Russia .. .. .. 1,110 „ 

Scotland .. .. .. l,070i „ 

Spain . . . . . . 5,028 „ 

Sw(“d(*n . . . . . . 7,233 „ 

French Measures. 4’ho Pre?icli system 
of measuring is easy to compndnsid, it 
being neccs.sary to rtuneinber only tlu^ ar(^ 
nmtr(\ and stere. '.rhe otluMs are all related 
in a t(‘nfold ])r<)po?‘ti(>n, the preceditJg part 
of the word making the distinction, tlu^ ter- 
minations all being llu* same - de(*ainetre, hecto- 
metre, kilometre, (‘tc., signifying 10, 100, 1,000, 
(‘tc., times th(‘ metn* ; and d(‘eimetr(‘, eiuiti- 
inetre, millimetre, signifying 10, 100, 1.000 parts 
of th(‘ mctr<\ 

Weapp<‘nda t.d)h* showing English standard 
isjuivah'iits of liiu'al. su])erlicial, and eubict 
measurements in the metric syslem, and tlu^ 
find t ic e(iui\ alcaits of thc! English standards. 
It is a simph* matter to reckon out these equiva- 
hmts frotn on(‘ system to the otluu’ with an 
a'*curat(' table as a, basis of calcuhition. For 
instance, hectares may be reduced to acres 
by multi])lying by 2'4711, and acres may bo 
ex])ressecl in he(‘tar(‘s by ilividing by 0’4t)4()7. 
In drawing out tlu^ etpiivalents of mix(‘d quanti- 
1 i(‘S, it faeilitat(‘S tlu‘ ealculatiou to reduee the 
<‘Xpr(‘SHion lo its lowest term. 4’hus, to bring 
5 aen's 3 roods 2 perelies to ares, the expreussion 
should b(‘ reduced to jau’ches and dividt^d by 
25 20. d’lie (jUoti(‘nt will be square metn‘s or 
hundredths of an ai\‘. 


1 Millitni'trr 
1 (Naitiiiutro 
1 I)tM*iinc-tro 
1 MM 10 
1 Toiso 

1 M\ nainrtiv 5 

or 10 KiloinMrf'i I 

or 100 HoctoTiiMrcs j 

or 1000 DocaniotroH I 

1 Milliaro. or sguaro (li-oiiuMro- 
1 (Vntiaro or stiuaro metro 
I Aro or sqiiaro Uooainetro or 
100 coiitiiiros 
1 Hectare or loo ares 


1 Mlllifttere 

1 SU‘ro or eul)ie lu* in* 
or 10 PeciBttTes 
or too (VntiBt6reB 
or 1000 Millistere.s 
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*039370 Englisli 

lm]ierial iiielies. 

1 laeli 

*303701 


1 Foot 

3*937042 


1 Yard 

3*28080 

fei‘1. 

1 Clialu 

UTiOlSl 


1 Furlong 
1 Mile 


lailfB, 1 furlong. 2S poles 2J yards 
or 0*2i:{7.j Kiiislisli inile.s. 


SU n FACE M E ASUll EM E N T 
■Oliyo Kfitflish square yards. I Square iueti 

1- llOO 

•021711 lin{M‘rial acre. 1 S(|uare foot 

1 Square yard 

2- 4.11 acres. 1 iVrrh 

1 EooU 
1 Aero 

1 Square mile 
SO LI D M E.VSU K EMKNT 
•035ai.')t; Kiijilirth cubic feit. 1 Cubic inch 

1 Cubic foot 

3r)-317 Enj^lish cubic feet. ' Cubic yard 


2.'>-399 rnilliinMre. 
30-479 centiint'tre. 

•yi ias met re. 
20'11(> inetre.s. 

201 -164 metros. 
H)09-3149 metres. 


0*451 centimetres (^arnSs. 

(s(iuare centimetres). 
9*29 decimtitres oarres. 
0*830 mfitro earre. 

25*29 metres carrea 
10*1168 ares. 

0*40407 hectare. 

2*5899 kiiomt'tres earrf^s. 


16*3802 rentlmttres cubes. 
28*3153 deeiiuHres cubca, 
0*7046 m6tre cube. 
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Tlie Paris foot r - 1*0930 English feet. 
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Group 19 

ENGLISH DRAMA SINCE SHAKESPEARE 

LITERATURE 

A Concise Review of the Leading; Dramatic Poets and Play- 

8 

wrig;hts in the Seventeenth, Eighteenth, and Nineteenth Centuries 

lti)5 


By J. A. HAMMERTON 


Character of the Restoration Drama. 

No comparison is possibles ])ctwcen the 
drama of the Elizabethans and that of their 
immediate successors. It is all contrast — the 
contrast, one groat critic has said, of Hyperion 
and a Satyr. We shall not go so far as that. 
We have to remember Mr. (icorgo Meredith’s 
eulogy of (bngreve. But all the brilliancy of 
the “comic dramatists of th(5 Restoration “ 
(•annot blind ns to the fact that Avhen women 
inad(^ their first jirofcssional appearance on 
an English stage, the chi(‘f tlieme of the plays 
that were written at that time was the ridicule 
of the marriage state, to the end that the 
ribald laughter of a dissolute (V>iitt might l)e 
provoked and the elu^ap eynicisfri of “ tlui 
man of the world ” encouraged in its vacuity. 
It may he mentioned, however, as interesting 
in this connection, that the lirst role profession- 
ally rendered by a woman in a ])ublic theatre 
in this country was that of Desdeinona in 
“ Otlu'llo.” Mr. Niehol Smith lias Immui at 
some pains to show that the eighteenth century 
rendenni tributes wdi(*re tribute was dm*, but 
the playwrights of tlio latter lialf of the S(‘ven- 
teeiith century translated Shakes})oare for stage 
purposes much as Bottom was “ translated.” 
Even Drydcn is not exempt from tlic mania 
for piunting the lily in fancy hiu's. 

The why and the wherefore of a study of the 
Restoration drama are so admirably set forth 
in one of Macaulay's “ Essays ” — the r<*view' of 
Leigh Tfunt’s edition of i\n'. Works of Wy<’herh‘v, 
Eongreve, Vanbrugh, and Earfpihar — that wc 
can hardly do better th.vii (!ommend this essay 
to the reader at the outset. 

Dryden and His Contemporaries. 
Again passing over Thomas RANDor.ru (b. Ib05 ; 
d. 1(>36) as only of exotic interest, the first name 
that '-laims our attention is that of Sir Wili.tam 
Davknant (b. 160(5 ; d. 1668). Davenant’s 
w ork well reflects the spirit of read ion against 
Puritanism ; much of it was unworthy of the 
man’s better parts. His “ heroic play “ of the 
“ Siege of Rhodes ” is the germ of English 
oj)era, and he introduced many accessories to 
the theatre, including the orchestra. 1'homas 
Kilugrew (b. 1612; d. 1683) is the author 
of a comedy, “ The Parson’s Wedding,” which, 
W(j are told by Popys, was originally aeled 
by a female cast. He built a playhouse in 
1663 on the site of the present Driuy l^ano 
Theatre. 

John Dryden (b. 1631 ; d. 1700). at the 
mstance of Davenant, wrote an absurd adapta- 
tion of “ Tlio Templet,” and a caj)\tal blank 
verse tragedy, “ All for Love,” on the lines of 
” Antony and Cleopatra.” He adapted the 
“ heroic couplet *’ to the English drama, thus 


winning the approval of (Larks Jl. and the 
ridicule of the Duke, of Buckingham in “ The 
Rehearsal.” His eliaraetcrs are, ifi the main, 
abstractions ; he usi^s noble language to eonve^y 
ideas full of extravagance. But Ijis trag<rdie.s 
of “ Don Sebastian ” and “ ( -leomenes,” together 
with the comedies of “ Marriagi^ a la Mode ” 
and “ The Spanish Eriar,” contain much that 
is (‘jiiineutly readable. Avowedly, he wrote 
plays not bt'cause the work was congenial, 
nor because he thought of posUuity, but to 
make money. (.Lnsid(Ting the variety of his 
literary output in other direct ions, it is nunark- 
ablc that his position as a dramatist stands so 
high as it does. The student should not inis.s 
his “ Essay on Dramatic Poesy.” 

SiR(L5()ROEKTHERE(iK (h. ahout l()3d ; d. 1691) 
was on(‘ of tlu‘ lirst to employ rhyme in comedy. 
There was little harmony in his character. His 
plays an*, piedures of the high life of the period, 
and altogether unsuitabk^ for general reading. 
His three corned i(‘S, “The (Jomi(‘al Revenge; 
or, Lov( 5 in a Tub,” “ She Would if She Could,” 
and “ The Man ofMod(*; or,SirEo|)]ing Elulter,” 
may Iw classed with the plays of Tom D’UiiFEY 
(b. 1(553 ; d. 1723), Thomas vSiladwkll (1). 1012 ; 
d. 1692), and J\lrs. Aeuka Beiin (b. 1640 ; d. 
1089). D'Urfey di‘serves special mention bct::au8e 
of his songs and the fric'ndslnp which both 
Addison and Ste(‘le extendi'd to him. 

William Wycherley (h. 1040 ; d. 1715). 
Wyelu‘r](‘y was om* of tin* two groat lights of 
Re.st oral ion comedy. Said Evelyn : 

“ As loi’g as m(*n are false {iiid women vain. 

Whilst gold continues to be virtue's bane. 

In pointed satire Wycherley shall r<‘ign.” 

J.,iko Drydi‘n, Wycherley made a rather feeble 
first effort at Avriting for tlie stage. Also like 
Dryden, but with greater success, lie sought 
and found inspiration in France and Spain. 
He miy lie di'serihed as the originator of our 
comedy of manners. “ He* was a ruffian,” says 
Mr. Gosse, “ but a ruflian of genius.” “ The 
only thing original about Wyeherley,” Avrites 
Mr. W. C. Ward, “ the only thing Avliich ho could 
furnish from his owui mind in inexhaustible 
abundance, Avas jirofligaey.” He AA*as a faithful 
mirror of his own time. His chief oom<‘dies are 
“ The Plain Dealer ” and “ Tin* Gountry Wife.” 
The one is founded on Moliero’s “ L(? Misan- 
thrope,” and is praised by Hazlitt as “ a most 
severe and poignant moral satire”; the other 
loses our rcsjiect and much of such admiration 
as its Avorkmanship claims when compared 
w ith its sources, Moli^re’s “ L’Ecole dcs Maris ” 
and “ L’Eeole des Femmes.” Wycherley’s 
own life provides the most etfective satire on 
the social ideals of his perital. 
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William Congreve. In the works of 
WlLlJAM CV)N<aiKVK (1). 1070; (1. 1720) the 
(jomedy of manners attains its apogee. “The 
Old Baehelor,” ‘‘ 'Phe Double Deahu’, ’ “ Love 
for Love,” “ Tlie Mourning Bride,” and “ Tin? 
Way of the World ” were all written Indore 
tln*ir author was thirty y<*ars old. Then came 
sini'oures am! literary sterility. Longn'vc; was, 
and nnnains, a master of repartee and a.e(‘om- 
plished insoltun^e. He wrot(‘ better than 
Moliere ; but Moliere’s stage im'thod and 
dramatic style f)i(‘serve his plays alive while 
thost; of ( 'o?)greV(‘. if W(‘ e\e(‘pt “Love for 
Love,” which has luuai d(‘serib(Ml as tin* tinest 
pros(‘ comedy in th(‘ PiUglish language', are 
(‘onsigned to tlu' study. “ In eveuy point, ’ 
writers Mr. H. (’. ICwahl, “ H«)ngr('V(‘ maintaim'd 
his superiority t«) Wye'luahw. WyebeiU'y had 
wit ; but th(‘ wit of (’(»ngr(‘\e far outshiiK'S that 
of every comic wi iles’, except Slu'ridan, who has 
aris('n within the last two icniuries. Congreve 
had not in a larg(' measure th<‘ poetical faeidty : 
but, compared with \\'yeh(‘rley, he might be 
calk'd a great poet. Wycherley had some 
knowledge' of bo(»ks, bul Congreve was a man 
of rt'al learning. Congn've's otTem'cs against 
decorum, though highly eiil[»able, weix' not so 
gross as those of Wycherley, nor ilid ( 'ongr('V(', 
like \Vy('h('rk'y, exhibit fn fli(' world tfu' d(‘plor- 
abk* speetaek' of a. liei'ntious dotage." 'Phaek- 
<*ray declared that “ the ('(»ngre\(‘ must' is dead, 
ami h(‘r song choked in 'Pimt's aslu's.” “See,” 
ht' t'xelaimed, “ th('i’(‘'s the cup slu' drank from, 
the gold chain slu* wore on lu'r neck, tlu' vase 
w hich held the rouge foi' hei’ cheeks, lu'r looking- 
glass, and tlw' harp sht* used to danet' to ! Instt'ad 
of a feast we iiiid a gravesttUK'. and in place of 
a mistrt'ss a, few lames." Some phrast's from 
the (\)ngi(‘\'e eouK'dies long sinet' pa.ssi'tl into 
the common speech : “ Music hath charms to 

soothe the savagt^ bicast," “ Heaven has no 
ra,g(^ lik(' love to hatred turfcsl, nor luM a fury 
like a. woman scorned,” “ Mairii'd in haste, 
wt* may repent at leisurt* ” aie aimaig them. 

Vanbrugh and Others. What Sir .Jonx 
V'.\XBR(ajFf (b. Ititlt; d. I72t)) lacked in grace 
he had in coarse wit and facile inventiveness. 
"Phe epita])h • 

“ Lie lieavy on him, earth ! for he 
Laid many lieavy loads on thee,” 

alludes to his aehiineuu'nts as tlu' arehiteet of 
Blenheim and Ca'^tle Howard, not to his author- 
ship of “ "Ph<' Bela})Se, ’ “ 'I'he l’n)V{»ked Wife,” 
and ‘‘The ( ^aifederaey.” U’ith N'anbrugh may 
be eompared Ckokoe F\U(,>uh.\k (b. 1()7S*; 

d. 1707), wbo, in some directions as a dramatist, 
impi’ov('(l on bis ]avdeci'ssors in eogeiiev of 
construetion, and whose incidental verse nidi- 
cates a powt'i* that- - possiblv for reasons eon- 

lieeted with a hand-to-mouth smt of existence 

was never fully eultivati'd. 'I'he famous line 
from his “Twin Hivals ”--- 

“Necessity, tlu* mother of invention” 

—is singularly apposite to its antlior. Horace 
Wak)Oio said of Fafuiiiai's plays that tliey talk 
tlh« language of a ?nurehing regiment in country 
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quarters. He wrote best what ho wrote last, 
“ The? Beeruiting Officer ” and “ The Beaux’ 
Stratagem.” He marks the transition from 
Restoration lieenee towards the purer, if mon? 
cnnv('ntional, stage methods belonging to the 
reign of Queen Anno and the Early Hanoverians. 

Thomas Otway. In Thomas Otwav 
(b. 1051 ; d. 1085), it lias been well observed, 
“ there is no lelief, no pause from the war and 
clamour of ]>assion.” He lived tragically, 
wrote tragc'cly, and died young. Gloomy as are 
his plays and devoid of lyrical beauty, they 
reach the heart by sheer force* and knowdedge 
of human nature. “ More tears,” said Sir 
Walter Scott, “ have lurn shed probably for 
the sorrows of Belvidera [in “ Vt'iiiee Pre- 
served”! i^rid Monimia [in “Tlu? ()r])ban”] 
than for those* eif Juliet and De'sdemona.” (H 
“ Ve*nie*e Ih’e'se'rvixl,” wbieb awakemeil the 
prai.se of Dryde'U, Hazlitt, and Taine, ver.sion.s 
have* lu'e'u m.uk^ in Fre'ueb. German, Diite'h, 
Russian, and Italian. Otway i.s a strayetl 
trag(?dian, belonging by genius, if luit by time*, to 
tlu' Eliza botbans. 

The Lesser Dramatists. Oilu'r names 
tbnl can only lx* give'U bare nu'rition as those 
of dramatists eif semu', but le's.se*!', note are: 
Xatiiamhe Lkk (1). Iboli ; el. H>1)2), wlm e;e)lla,- 
beirate'el with Dryek'ii in “ (Edipns,” anelwbois 
be'st repn*senteel by “ "Phe JHval Queens ” ; Jou.x 
CueiWNK (d. 1 7d.‘i), author eif “ "Pbye'stes ” and 
“Sir ( Vno lly Nice ” ; Nahi m Tate (b. l(»52 ; d. 
1715), wbeise* vi'rsion of “ King Le'ar,” in wbiidi 
(Virdelia survives and marrie'S Eelgar. lield tlm 
stage* till the' middle' of the nine te'e'utb ee'ntury ; 
(’eii.MOY Gihbeh (b. I()71 ; d. 1757), who appe*ar.s 
te> have* bee'U be'tter as a e'onu'dian than as a 
playwriglit, theiugli bis ve'rsion ol Shake'SfX'are's 
“ Riediaril 111.” lias be'cn fre'ejiu'ntly pe'iJeirmed 
in the jirovinees evem of re.’ee'iit yeairs ; NTearouAs 
Rowk (b. h)7d ; el. 171S), whose “ Jane Shoiv. ” 
is still acted, and wlio in “The Fair IVnitent ” 
(ada[»teel freim Massinger's “"Phe Fatal l)e)wry ”) 
elrew^ the* prototype e)f Riebarel.son's Lovedaee? ; 
Thomas Se.ucpjiKKNK (b. HibO ; d. 1745), whose 
“ "Jdio Fatal Marriage ” and “ Orooneiko,” 
founded on noveds liy .Mrs. Aphra Behn, 
enjoye'tl a ce-ntnry's popularity ; Ei.kanah 
Settee (b. H)4S; el. 1724), author of a “heroic” 
piece of bombast called “ The Empress of 
Morocco”; John Gay (b. 1688; d. 1732‘, 
author of “"Plie Be'ggar's Opera” and the 
libretto for Handel’s “ Acis and Galatea”; 
and Ric'TIAri) Sava(je (d. 174J), who wrote 
a comedy, “ [.^ove in a Veil,” a trage^dy, 
“ Sir Thomas Overhiiry,” and inspired Johnson 
to the w riting of one of the best, if by no moans 
the most accurate, of sliort biographies. Hero 
brief mention must also be made of .Joseph 
Addison (b. 1672; d. 1710) as the author of 
“ Cato,” a t ragedy which has enjoyed in literature 
a European reputation ; Sir Rh iiaud Steele 
(b. 1672; d. 1720), “the father of sentimental 
comedy ” ; Samuel Johnson (b. 1709 ; d. 
1784), as the author of “Irene,” a tragwly 
which all Garrick’s zeal could not make 
successful, and concerning wliieh Boswell has 
some entertaining pages ; Samuel Foote 
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(b. 1720 ; d. 1777), a social satirist in 
JoiiHon's v^^in ; David Gakhick (b. 1717; 
cl. 1770), whose adaptations, together with his 
prologues and epilogues, are of nierii ; Gkohok 
(V>[.MAN the elder (h. 1732; d. 1704), who eollabo- 
raied with Garri(‘k in ‘'The (.3an- 
d(‘stine Marriage,” and wrote “The 
Jealous Wife” ; George Colman 
I he younger (b. 1702; d. 1830), 
author of “ The* Heir-at-Law,” 
a comedy of sterling qualities; 

John Home (b. 1722; cl. 1808), 
author of “ Douglas ” ; and 
Richard Cumberland (b. 1732 ; 
cl. 1811), author of “The West 
Indian.” To tlm conu‘dies of 
Hknry Fielding (b. 1707 ; d. 

ITJl), written after the manner 
ot Congreve;, may be af)})lit‘d 
the description given by Jonson 
of Cardinal do Perron's transla- 
tiem of Vergil — namely, “ That 
tlu*y W(;re naught.” 

Goldsmith and Sheridan. 

Oliver Gc'ild- 
SMITH (b. 172S; 
cl. 1774) was 
unlucky in 
the circum- 
st.ances attend- 
ing the produc- 
tion of the first 
<j f his two 
(;om(;dies, “ The 
Good - Natured 
Man.” It was 
]H)orly actc;d ; 
l>ut genius pre- 
V a i i e d. T h e 
lovable cpiali- 
ties found in all 
he MTote distin- 
guished both 
“The Good- 
Natured Man ” 

and “She Stoops to Concpier.” 

These two comedies, the procec^Js 
of which made tlicir author 
for the time being a man of 
fortune, liave been referred to 
as the greenest spots in the 
dramatic history of the period to 
which they belong, and as con- 
taining “ wit without licentious- 
ness ; humour without extrava- 
gance, brilliant and elegant dia- 
logua,^ and forciblci but natural 
<lc‘lineation of character.” Htciiahd 
Brinsley Sheridan (b. 1751 ; d. 

1 81 6),who8epersonality and roman- 
tic love-story have been made 
clearer for us by Sir Herbert Max- 
well’s study of “ Ihe Creevey 
Papers,” is as popular on the stage as Shakc- 
«l>oare ; to the graceful humour of Goldsmith he 
•added the wit, without the grossness, of Congrtn^e. 
Of his four comedies, “The Rivals,” “The School 
for Scandal,” “ The Critic,” and “ Tbci Duenna,” 


the first and .second arc flu; best knowm. Here 
is what liis eontornporary (h’eevc;y .says : “ ‘ The 
Rivals ' upon its first performance wa-s damned. 
\Vh(*n Sheridan got to Slough [his home], and 
told his wife of it, slu; sai(l, ‘ My dear Dick, 
I am dtiightod. 1 always knew 
it was impossible you could make 
anytliing by waiting plays ; so now 
there is nothing for it but my 
bc'ginniiig to sing publicly again, 
and we shall liavo as much 
moiu'y as wo like.' No,’ said 
Slmridan, ‘ that shall never l)e, 
1 see wiien*. the fault was ; the play 
was too long and the parks were 
badly (;ast.’ So he altered and 
c*urtaiK‘d the play and liad address 
-or interest enougli to get the parts 
newly (;ast. At the expiration of 
six wTeks it was acted again, and 
with unbounded applause;.” Of 
Sheridan’s comic muse lla/litt .says : 
“ She does not go prying about 
into obseun; corners or collect- 
ing idle; curiosi- 
ties, but shows 
her laughing 
fae.e and points 
to her rich trea- 
sure, the follie.s 
of mankind. She 
is garlandcid and 
crowned with 
roses and vine- 
leaves ; her eyes 
sparkle with de- 
light, and her 
heart run.s over 
with good- 
natured malice ; 
her step is light, 
and hc^r orna- 
ments arc eon- 
8 u m m ate.’’ 
Lord Byron 
wrote on learning of Sheridan's 
deatli : 

“ Long shall w'O se(‘k his likenes.s 
— long in vain, 

And turn to all of him wliieh 
may remain. 

Sighing that Nature formed hut 
one such m.au. 

And broke tlie die - -in mould- 
ing Sheridan.” 

The Drama of the Nine* 
teenth Century. When tho 
niru‘t(‘enth e<‘ntury openeci, Shakc- 
spi'are shared with Goldsmitli and 
Sheridan all the cUstinctlvo honours. 
Tho other dramatists, in the stage 
sense of the term, w'ero hard to 
si?ek. 

“ Monk ” (Matthew Gregory) Lewls (b. 
1775 ; d. 1818), of “ The Castle Spc.‘et re ” ; 
Thomas Holcjroft (b. 1745 ; d. 1809), author 
of “ The Road to Ruin ” ; James Sheridan 
Knowxes (b. 1784 ; d. 1802), who wrote “Tho 
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“Hiinchbftck” and “The Love (.’base ” ; 
Buy AN VV^A.LLKR Puoc'TEu (b. 1787 ; d. 1874), 
whose tragedy of “ Mirandola “ is amongst 
the least of bis literary aeliievements : Joanna 
Batllte (b. 17b’2 ; d. IS.*) I) and Klizahktu 
iNCFinALi) (b. HoJ ; d. IS-Jl) are among the 
best of the ])lay\vrit(‘rs of tin* time. Sami'EI. 
Tayluk Lomcrtdoe {i>. 1772; d. I s;i4) translated 
Sebiller's “ WalliMistein/’ and wrote* a liv(‘-aet 
tragedy, “ Hemors(‘,'’ bieb. says Mr. Swinburne 
(j)ara])brasing Jonson), contains “ little worth 
])raise or worth ni'inorv, ex(‘ej)t .such casual 
fragments of noble veise as in ly readily be 
dctacb(‘d from the* loose and plialile stnll in 
which thi‘y lay t'mlualded. ’ It lan for twenty 
nights at Drury Lam*, in ISl.S .\nother half 
forgotten tiagedy ol the period is that of 
“ B<*rtram.'’ by the K(‘v. (hi milks Koiikut 
.MATrKlN (l). 17H-2 ; d I S-JI ), \s hieh was prodnetsl 
by Kean, at Drury Laiu*, in Islb, on the r(M‘om- 
m'ndation of Loud M.ykon (b 17SS ; d. IS*2I), 
whost! own contributions to lit<“iary drama 
“ Manfred,’' “Marino Kaliero," “ SaKlanapalus," 

'rin; Two Koseari,” “Cain," ''Heaven and 
ICartb," “ WVriU'r," and " 'The Deformed 'Trans 
forimxl " — will be dealt with in eonneetion with 
liis poetry, as will '' Tin* lbid<‘'s 'Tragedy " of 
'TiKi.Mvs Lovrjj. Hkodoks (b. 1S(I.‘1 : d. ispi) : 
and “'The Cenei," by Pkio y Myssiik Siikli-ky 
(b. 171)‘J ; d. IS'22). Hyron's plays found their 
way to the stage for oIIkm’ reastms thati their 
intrinsic valiu* for acting purposes. “ Ion,” a 
(b’et‘k tragedy by Sir 'Tnoivi \s Noon "TALKOiruD 
(b. nib") ; d. i(So4), and “ Philip van Arti'vekh*," 
by Sir Hknkv 'Ta\ I.or (b. iSttO ; d. ISSti), are 
both works for the r(‘ad(‘r ratlu'r than for tin* 
playgot'r. " I’lnlip van Arte^'elde " is a romance 
that has received tar too little attention. Om* of 
the most popular of tin* tlramatists of the nine- 
tc'cnth <M*ntury was Kdward Hi’LWkr, L«)R1) 
f.Y'iToN (1). iStKi ; d, IST'i). whose ])lays, " The 
Lady of lA'ons." '‘Money,’’ and Uii belieu.’’ 
for all their art ilieialities of sentiment, still 
retain a strong liold upon the public. 'This is 
also the ease N\ith such [)lays as “Society,’’ 
"Caste*,” and "Ours," by 'Thomas Wh.lia.m 
Kobertsox (I) 18211; d. 1871); “ Masks and 
Paces ” and " It is Never too Late to Mi*nd,” by 
Cn.vKLKS Kkadk (1). 1814 ; d. 1884); "Still 
Waters Hun Deep. ” by Tom 'Taylor (b 1817 ; 
d. 188(1) ; “ Blaek-Kyed Susan,” by Doi olas 
Jerroli) (b ISOJ ; d 1807); “London 
Assiiranea; ” and “Colleen Rawn.” by Dion 
BorcicAUi.T (I) 1822; d 1811(1); and " 'I'he 
Two Hos{‘S,” by J ames Albery (b 1838 ; d. 18811) 
Com ‘dy lightened into builescjuo and extra va 
gan/.a on tlu^ oru* hand, the work of Planch k. 
the brothers Rrocoh, Henry James Ryron, 
and others ; and on the otlier, into sparkling 
operas, of winch those composed by Sir Arthtr 
Stn.LiVAN (b. 1842 ; <1. HMltl) and William* 

ScinYENC’K (Hlbert (b, 183T») are irieompirably 
the best. 

While eonvaly was deg(*nerating, the purely 
literary drama was receiving some noteworthy 
additions in “ StratVord,” “ A Riot, on the 


’Scut(‘heon,” “ The Return of the Druses,” and 
“Luria.” hy Robert Brown i no (h. lSl*2;d. 1889); 
the “ Queen Mary,” “ Harold,” “ Becket,” and 
“ The Foresters ” of Alfred Tennyson (b. 1809; 
d. 1892) ; and “ The Queen Mother,” “ Rosa- 
mond," “ Atalanta in Calydon,” “ Chastolard,” 
" Roth well,” “Mary Stuart,” “ Ercehtheus,” 
“ Marino Faliero,” “ 'Tin? Sisters,” “ The Tale 
<»f Ralen,” and “ Rosamund, Queen of the 
l-ornhards " of Aloernun (Charles Swin- 
iiriiNE (h. 1837); the “Demeter” and other 
plays of Robert Rridces (h. 1844); the“Scaru- 
moiieh in Naxos ” and a notable version of 
Copjiee's "Pour la CoiiroiintC’ of Mr. John 
Davidson (1). 1857); and the “Cosmo de’ Mediei ” 
and “'The Death of Marlowe” of RtoharJ) 
Henry HoRNE(h. 18(13 ; fi. 1884). At the presimt 
tine*, where (la* Fnglisli drama is not a r(‘ilt‘etioii 
of Continental aid fiorsbip. it is indebt(‘d to two 
wojking |)laywriglits in particular, Mi*. Aktiihk 
W' iNc Pinero (b. 1855). autlior of ])lays as dis 
similar as ‘'Sweet ]^a.v(‘iKl«M' " and “Letly”; 
ancl Henry Ainiirii Jones (b. 1851), author oi 
"'The SiUer King" and “ 'Tlu^ Liars.” 'I’he 
plays of llies(‘ two dramatists do not indicate a 
ver\' high ((UJ'* in (lie society which lb(\v depict. 
With IIh* d'anri of .Mr. (Ieoroe ihoiiNARD Shaw 
( b. 1855) tiu* young studeiil need not be greatly 
( on •(‘Mual. t^iiitc* distinct is the work of Mr. 
Stephen Phillips, whose “ Herod" markiM tin* 
( lose of tb(‘ cent ury w ith a noti* whii*b awuik(‘ru‘d 
aspirations afti^r beltt‘r things. 
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OLIVKR CrULDSMITK AND Hk hARD B. SllKKIDA.V. 
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Consult als«» Prof. .V. VV. Ward's Hin/orif of KmjVish 
.Dranmtif J^iferafure. 3 vols. (Maicmillari). Itinloril 
of the Loudon t^taije and Its Pumoiis Players 
UUPJ), by K. Barton Baker (Routleilgo). 
l/istory of (hr. Puylish NVof/r, 2 vols. .and Romance, 
of the. t^ftftje, by IN*rev Fit /.g(*rald. Maeanlay’.s 
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h'iyhleenlh Century. Mr. George JHereditli’.s Kssay 
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By ERNEST A. BRYANT 


we could bavcy# tabulaleci list of Uk* callings 
from wliicl) men and women hav(‘ n‘alis(‘d 
wealth, the result would he surprising. Wo 
should miss the names of some of the great(‘st 
men in the history of science ; the names of many 
who have added new' territories to the maj) of 
civilisation ; of men whose discoveries in m(^di<*ine 
and surgery ami in philosophical reseaicli are 
inscribed in imperishable characters in the story 
t)f human progress. 

The Roll-call of the Wealthy. The man 

w ho conquers ])lagu(^ and ])estil(‘ne(^ may not be 
of the eom])a.ny ; but tlu' man w ho d(‘\ is(‘s an 
instrument for the Avhplesale destruction of life 
Avill 1)0 there. We may look vain for the names 
of Milton and Bimyaii, Debx' and (Joldsmrth, 
.lolmson and J.-aml>, for Kaydon and LawiA'iiee 
and Watts, hut we shall fiml the. naim's of men 
who liavo contrihiited to the eommon])la,ees of 
life. It is sa-dly inevitable that among oiir 
grandest figures w'iio have put fortli gr'‘at, h(‘roie 
cll'ort for the good and hot (erment of humanity, 
tliere must l)e those who, poor and sad, have only 
at th(‘ last (o heg that they may Tk', as Brow ning 
makes Paraecdsus plead to lie, 

‘‘ Within some narroAV grave. 

Not by itself -' for that would be too proud — 

J5ut where, sticb grave's art' tlnekest. " 

Happily, in our list wt^ should ba.v(‘ also our 
h(‘roes who bad Avon reward, as tlu* world A'ieAvs 
rcAvard - roAvard in material ga.iii. 'Pbat man 
who by his discoveries and inventions incr(‘as(‘s 
the eommon store of wealtli and haj)pin(‘ss is as 
much a hero as the mai; Aviio sueeessfully eom- 
maiids an army and comes to Parliauient to h(' 
ennobled and endowed with wealth. Still more 
a hero is he avIio rises early ami lakes n‘st lat(‘ 
to devote his life to problems wlu jse solution shall 
render his felloAvs more and more iinmum) from 
the ills to Avhich flesh is heir. The history of (he 
laboratory thrills with the stories of health 
sacrificed — aye, of lives innumerable giA'on by 
these self-denying sons of science. It is good 
and encouraging to find even these unseltisU ones 
represented by a fcAv in the cafalogiie of the 
fortunate. Dr! Roux is aAvarded the Osiris prize 
of £5,000 for his scientitie labours in bacteriology, 
more particularly in regard to his succ(‘ssful work 
with tho anti-toxin for diplitheria. A noAV 
explosive, or a new' quick-firing gun Avould have 
brought him tAventy times as much ; hut there 
is encouragement in the prize. Harvey w'as not 
one penny the richer for making tluj greatest 
discovery in the history of physiology — tho dis- 
covery of the circulation of the blood. 

Facilities for Scientific Research. The 
modern tendency is to assist w ith liberal hand 
the man engaged in work of such importance to 
tho world. Wealthy corporations, established 
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for (juite ditlV?(‘rit pni poses, now make peeuuiary 
grants, and funds and associations exist solely 
for th(‘ (‘ueoui Jig(‘m(‘nl of sciiiititic research. Jt 
is not inin'asoiiahk' to hope that the day has 
linally ])as.sed for the sei('ntist to he compelled 
to spend Ids laborious days in penury. 

A War for Humanity's Sake. There is 
so much for liitii still to do. Kvory outbreak of 
influenza means tlji* saeritiee of more lives than 
would result from cholera, plague, or Avar. We 
track the malaria - carrying mosquito to bis 
biUM^diug ground in the sAvamps and marshes, 
lh(‘ pmhlles and mud-holes of ill-])avod towns. 
Having tracked him, avo are able to (*.\teriuinate 
him. Science trace's the birth of inlhumza to a 
not dissimilar origin — to water stagnating a\ ithin 
th(‘ cracks in flu* earth’s surface caused by 
long preee'ding drought. Within tlie rifts thus 
opiMied is some myst(*rious poison which is 
libera f(‘<l Avhen th(‘ sun dries up tlie wnt('r by 
which it has been absorlx'd. So far seienci^ has 
take'll us ; l>ut it has not l)e‘e'n able to step in at 
the fountain be'ad of the miseliie'f and say, once*, 
ami for all, tluit then and tliero tho merciless 
atlliction shall ce^ase. No ; inllue'uza om"e started 
on its fell etareer sAveeps the^ whede* world— north, 
soeilh, ('ast, and Avesf. Witldii the memea’v of 
almost the* veinnge'st Avho ivad this pape'r it has 
rolibed two tlirone's of the'ir he*irs--the' thrones 
r(*s])<'ctively of (Jreat J^>ritain anel Bedgium. Wo 
kuow^ liow to (l('a,l Avith the.) cjfects, tliuugh tho 
terrible deatli-roll from an iiiHiien/a e'pieh'mic 
shows that wv eannot be) oe'rtain of sm'Ce'ss in any 
single ease. W’e certainly do not know how to 
deal Avith the cause. Wealth and the* grat itudo 
of the wdie)le Avorlel aAvait the man Avho can give 
us immunity from this doaelly en(*my of tho race. 

What Science Has to Find. (Vmsieler 
next a smalle r subjects but one of great import- 
ance) to England. In spite of all that our great 
elieinists have* been al)le to perfeerm in syntlietio 
chemistry, tlie*y have l)e*en utterly hatfleel, so far, 
in their attempts to linel a sut)stitute for lead 
in the glazing of po(t(‘ry. Tins, pe^rhaps, may 
not se*em to peissess any special significance for 
the man or Avomaii Avho buys tin* goods. But the 
epiestion is one of life and d(‘atli to those engaged 
in producing tho ware. T.cad-poisoning is tho 
groat enemy of those Avho glaze the pottery of 
commerce. A Royal Ceimmission ineiuired into 
the subject a year or t-Avo ago, and presented 
a carefully considered r<‘port. The result Ava.s 
discouraging. No one can, as yet, dejvisc a sub- 
stitute for the lead compounds necessary to the 
process of manufacture. Either tho use of the 
load must continue, or the. industry must be 
ruined. If English potters do not manufaeturo 
this class of ware with lead as a constituent, 
foreign firms Avill. Here, then, is a field for the 
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chemist of to-morrow. Manufaclurers would 
welcome and ric?lily reward the man wlio could 
give them the? requisite formula to taki* the place 
of the health-destroying lead, and the many 
toilers Avho now jco])ardise their lives by the 
resent methods would lu^ip blessings upon the 
ead of their saviour. 

Improving on Nature. Having resolved 
into its original elements the jiartieular 
makTial upon which his att<‘iition is tix(*(l, the 
synthetic cli<*mist can, as a rul(‘, build up in his 
own laboratory an excellent imitation of the 
original. By a slight re grouping of tlie elements 
he can largely change the eharaeh'r of the result. 
Between what he can do in tlie matter of a sub- 
stitute for this Icad-gla/e and tlu^ (‘xact com- 
pound lie actually wants tlu'n^ may bo but a 
little link missing. So long, however, as that 
one link is lacking, so long is the wliole incom- 
plete. A similar result, is found in other ti(‘lds. 
One of the greatest of new industries is to he the 
Hcieiititio cultivation of rubber. Until eompara- 
tively rec(‘ritly, we left the pi-ovision of this 
substance entirely to Nature. It was very <l(‘ar ; 
the supply was not of de|X‘ndal»lo uniform 
quality; but merehsiits had to liear witli d as 
it was, though declaring themselves re ady and 
willing to pay fifteen ])er eeail. more* all round 
if th(;y coulcl hut rely upon rublx'r of level 
excellence. 

Here, then, obviously, was (h(‘ op[)()rlunity of 
the synthot ist. He makes indigo and a t hotisand 
other things for which hitherto wc liave had to 
goto Nature ; why not rubber ? 'riuTe was a 
curious difliculty. As every schoolboy knows, 
the ruhlxu* is dra^^'n in fluid form from the tn'c. 
It might s(*cm that if avo can bring jxaiches 
and grapes from the other side of t he world with- 
out so much as disturbing their bloom, it ought 
not to be impossible safely and securely to 
transport this sticky mass. J^ut again and again 
the attempt to get it over to Europe was baffled. 
Tne Composition changes when the latex has heem 
drawn from tlie tree, and upOn arrival here is 
quite different from the fluid which the native 
artilicially coagulated in the (hipths of the 
African forest. As the rubber would not 
come to us, AVt^ have had to send men to the 
rubber to investigate it Avhere it grow.s. 
This has been done, and operations to this 
end an^ still Ix'ing carried out Avith exemplary 
thoroughness. 

A Too Costly Success, (.'an avo noAV 
produce ruhlx'r artificially ? 'riie answer is in 
the allirmative, Imt with a qualilication. (\irl 
Otto Weber. Avhose reecuit death is a great loss 
to tlie ruhluM* iudustry, on Avhich ho was the 
forcmi»st authority, did take it to pieci'S, as 
it 'vere, and build iip an artiticial rubber. 
Possibly it was *as good as th4' a\’erage original, 
but no purpose was served ; tfu- copy was more 
costly than the natural pioilucq. ‘ What the 
young chemist has to do is to follow up the 
investigations of W-cIkm- and perfect a system 
for a cheap supply of the artilicaal article 

Meanwhile those who fc'cl that their future 
lies ab md ihay with profit study the question of 
nibbe. cultivation. The deman l for rubber is so 
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enormous that it can no longer Iw loft to hap- 
hazard supply. In South America and other 
places, particularly in Ceylon, the cultivation 
of the rubber-tree is becoming a fine art. Tea 
supplanted (H)ffeo in Eoylon; now rubber is 
(diallenging tea. Hero it grows to perfection, 
and careful husbandry yields handsome profits 
to the groAver. Whereas a fcAV years ago the 
quantify required for England was measured 
by hundredweights, noAV thit figures run into 
many thousands of tons (‘a(;h year. Thousands 
of patents exist for articles made or fitted with 
riihlxT. To the physician and surgeon it is 
indispensable ; it is the? only substance in the 
world Avliich makes a permanently silent road- 
Avay ; it is the only thing Avliicli makes riding 
]H>ssil»le by hicycile, motor, or eah ; and, to go 
still further, it is the one substance upon 
Avhieh (le])ends a firm from AA'hom arc duo 
a million and a quarter tobacco pouches every 
year. Yet., in spite*, of all the trade in this 
ruhl)(‘r, (‘xtensiA’o scientific culture is still 
relativ<*ly a now thing. The man Avho finds a 
iKHv tra(‘t of ruhher-trees in Jkilivia elaims it 
like a gold-mine. This is an industry well 
Avorth the study »)f the man Avho listens to the 
call of distant lands. 

Supplying the World’s Teapot. Tea- 
})lanting is another sueh industry. Men Avho 
visited India and Oeylon years ago, and remem- 
lM*r the itu'thods of drying by hand and the 
elumsy manipulation of the Avliolo process of 
old days, are amazed noAV upon revisiting the 
eountry to witness the im])rovemonts and (3(!ono- 
mies elfceted by the iniroduedion of machinery. 
They see, moreover, that finality of improvement 
has not by any means been naiched. Tea-groAving 
is a subject in a\ hich Britons, of all men, should 
be interested. The Unitod Kingdom oonsumes 
each year more tea than all the rest of Europe 
and the United States eomhiniid, the total reach- 
ing no less vast an amount than 256,0(X),000 lb. 
for a single year, reprc'senting over G lb. of tea 
per head of iiopiilation. With so huge a quantity 
consumed, we ought consistently to follow out the 
argument that thenj is no waste in chemistry, 
and be able to sliow that the spent leaves of the 
tea are tinned to some account. That may, 
perhaps, be of the future. It is more easy to 
distribute tea than to collect the leaves. 

The same principle applies to tobacco. The 
tinest manure for this jilant is tobacco ash, 
Avhich Kim{>ly restores to tlie earth the mineral 
properties of Avhi(?h it has been exhausted by 
producing the toliacco. Acute ctHtivators have 
noted an interesting little sum in reciprocity 
in this connection. Four pounds of tobacco 
yield one pound of ash ; one pound of ash, 
placed as manure upon the land, serves for 
four more pounds of tobacco. Two million 
aer(;s of the earth's surface are under tobacco 
cultivation, and that area is capable of infinite 
extension, for tobacco Avill grow in any climate, 
though, of course, the tropics are most favour- 
able to the best crops, as is the case Avith 
rubber. From both plants the seeds are care- 
fully collected, which, in the latter case, is 
a modern departure. 
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The Future of the Pasture. Tliis 

leads to another consideration, bringing us home 
to tlie pastures of the homeland. It would be 
lull'd to-day to coiivinee the farmer that motor 
tratlic will ever seriously compete with the horst' 
which ho so well loves. Jt was not less diflieult 
to persuade our falluM's that the lo(M>motiv(i 
engine W'ould drive the great, lumbering coaches 
off the roads. 'JVaiiis might run, they agreed, 
but they would never be drawn about the country 
by engines ; tlu'y would lx? “ w'ound ” along 
the lines by pulleys and ropes from point to 
point, after the fashion which imai still living 
i'(‘member to have seen on London railways. 
But the locomotive did eonu', and did con(|uer ; 
and the motor has come, and in turn is eorKpier- 
ing. 'J''herefore, horses, while they will never 
dis!ip})ear from all classes of w'ork, must in 
course of tim(‘ gn'atly diminish in numb(‘rs. 
That is s(‘rious for tlu' horse brcM'dcr. ft. is still 
more thnaitcaiing to a larg(‘r industry — to 
agriculture. 

Who shall find a market for hay and straw' 
when th(‘ motor r(^[)lacesthe horse ? Kvam now*, 
with many horsi^s to hx'd, tluTc is, in th(‘ ease* of 
a favourable summer, an ('xc(‘ss of clovtu' hay 
in the ccnmtry. What is to ha])})(Mi wlnai hwver 
horses r(‘(]uire fodd(*r ? d'lu' last man whom 
the average fanner Avould think of consulting 
is he to whom he will have (‘Virtually t() turn— 
the chemist. 

Not (‘V('rything is possibh* to th<‘ elu'inist. 
t^('rtain economic <lilheulti(‘s remain insujxu'able 
even to tlu' scientist, ddie cormasion of the 
balance of hay and sti'aw' into commercial com- 
modities would not be chemically impossible. 
'J'he dinieully wliich (loos bailie him, howevia', 
is that of cost. No matter how ingtaiioiis his 
nudhods, the ch(‘mist. cannot command succc'ss 
for uncommercial ent(‘rpiises. Straw and hay 
may bo of the best (piality, and c( mprelmn ;i\ e 
of \iitues innumci’able, but the ]iiice charged 
for transporting it from the farm to the town, 
and of storing it there, is so excessive, as to 
make manufacturers’ v(‘nt urcs with tlicse pi’o- 
ducts as constituents highly unlikely. OtluT 
means must, then, be sought. 

The Chemist to the Rescue. Tie 
will have to discover new' methods of eomhining 
the. surplus hay with other suhstanoes as a food 
for fat((ming stock. Insttaul of growing clover 
for horsi'S, farmers w'ill grow' it for cat t ie. What- 
ever he may do witli ourselves, the eluunist 
W'ill never feed sheep and bullocks on a tabloid 
diet. There must he bulk as well as nutriment 
for stock. H(*ne<? the cattle must )iav(^ their 
good, weighty fodder, and the farmer will have 
to grow it for them. The disappearance of the 
horse, then, viewed from this standpoint, will 
not bo of serious moment. I’lie net lesult w ill 
he t/O benefit the agriculturist. With new^ 
means devised for feeding cattle, witli British 
crops as an essential basis, money will be k(*pt 
in tlic country which now goes abroad for feeding- 
stuffs — for which wc pay yearly an enormous 
sum. The outcome will lie to place more stock 
viIKin our pastures, and out of threatened evil 
good will come. 


With foodsfulfs in mind, it is not inopportune 
to refer to an articl * of a <liffcrent chaiactcr. At 
the present moment Kngland stands prcvcinimmt 
for her biscuits. No oIIkm* eounlrv can (‘veu 
distantly a]»proaeh lu'f, nor, w ith lu»pc of success, 
(‘liter her iuaik(‘l.‘u Sh(‘ suppli(‘s the biscuits of 
|»raeti<*ally thi‘ whoh' world, and lias done soever 
sinc(‘ hiseiiils hist wen*. But here is a trade 
whicli has found it lu'ccssary- in spite of its 
strong ])Ositi()n. to k(‘e]) abreast of the times. 
For (‘Very vari(‘ty of biscuit which tlu^ eonfec- 
tiorior .sold a doz(‘n yt'ais ago, th(‘re are now' a 
score. ()n(‘ of tli(‘ most popular of th(‘ innova- 
tions is the llavoun‘(l biscuit. This is the line 
along which the developmonl of the futures has 
to eom(‘. lOxeclleiit as have* lu'cn the results 
alrt'ady attained, better ar(‘ Ix'iiig sought, and 
there is still room for improvement. 

Science in the Bakehouse. Accord- 
ing to a vt‘ry ('iniiK'iit authority tlie biscuit- 
making trade -taken not, of course, with 
r(‘fer(‘ne(‘ to any on(' hraneh, lait as a whole — 
do»‘s not so thoroiiglily appiveiati^ the value of 
essema's and llavourings as it might do. With 
the makers of (‘ssenees and sup(*rior soa[) the 
study of (ssences, with all their hl(‘ndings and 
other })ossil)iliti(‘s. is a fiu(‘ai t, M'Ik* hiscuit-maker 
needs a lahoratcuy and a(*heinist. T’erhaps s(»me 
faetori(‘S art‘ a In-ady (Mjuipi)ed in this mann-'r; 
if so, they mM‘d not f(‘ai’ an extension of tlu^ 
])rineiple. For thei(‘ is rivalry to eonu'. S(‘e- 
ing that Kngland has so long Ual in tlu? manii- 
faeliire ol liis-aiits, naturally her machinery is 
tlx* best at ])V( Hi nt mad''. Slu^ is not loiig(‘r to 
retain unehallenge.il the poss(*ssion of such 
advantages. At th(‘ pri'sent time, in Anu‘riea 
and el.se\vh(‘r(‘, manufaeturt'rs arc; setting up 
Jh'itish maeliinery for the; ])ur[)os(‘ of eomp(‘ting 
with the Old Country. 'Phis mai'liinery has 
to pay a. duty ol -lo pi'V eenl. on entering the 
Cnited State's, wliereas. of (‘ourse', machinery 
built tlu‘n‘ liy American tirms pays nothing. 
Jji spil(‘ of tliat, ho\\ev('r, llx^ Ivnglish makc'is 
are kept busily (‘inployed in laying down jilants 
for our future^ rivals. 

English Experts for America. As tlic^y 
get the uiaehin(‘iy, tlu‘ Aiueri'-ans ask for men. 
“ Send us (‘xperts to ()})(*rat(* tlu'se plants,” 
th(‘y are saying. Where are' lh(‘ experts ? 
England has not one to spari‘ ; six* needs 
more for Ix'r own works. 'Plx; man who 
is (jualified from the elx'iuieal standpoint and 
from —for lack of a lx‘tt(‘r term tlx‘ cooking 
standpoint, is an exei'ption. V(*ry jirop(‘rly, 
British firms loop their trade secrets, and no 
man is at lih(‘rty to dispo.sc; of them. The trad(‘, 
liowever, will have to he studied from a difTeionl 
standpoint. England cannot (‘ompareat pivsent 
with the Conliixmt in the maltc'i* of ex})(‘rt 
knowledge of (‘ssi'uees and flavourings, so that 
w'hile she has the bi‘st of ])raetical hisciiil- 
inakcrs, she has to fear the (expert theorist who 
will impart his knowledge to the juaetical 
baker. 

studemt of Industrie's must Jiav'c; oh- 
sc'.rvcd to what a remarkable (jxtemt trade's 
natiori'dise or localise thcmsolvc's. A hundred 
different trades have as many distinct areas 

1155 



in London. In tho provinces you find cotton 
in Lancashire, wool in Yorkshire, boots in 
NoTthamptonshin*, lace in N()ttingham.shire, 
straw-plaiting in Bedfordshire, hosiery in Leices- 
tershire, and so on. The constant effort of 
nations, as of local authorititis, is to introduce 
and foster new industries. .Jay)an, during tho 
Ijfbt forty years, has made hersi‘lf a great in- 
dustrial, as well as warlike, powc^r solt'ly by 
this incians. Kvery modern .irt. she possess(\s 
sho has acquired by copying from the West — 
by sending students abroad, hy getting English- 
men and (Germans, ami American and Kreneh- 
men tluTo. We in this country profited hy 
unsought advantag(^s of a like kind long ago. 

Our Beneficent Invasions. St. 
Bartholomews Eve liclped almost incredibly 
to make us the first cominereial nation of the 
w’orld. The Huguenot rofugcics, tlc(‘ing to 
England for asylum and refuge from I he bloudy 
tyrant hy whom their deaths had Ix'cn decrctHj, 
brought with them the peaceful arts of which 
they wau*(^ masters. And that whi(di they knew 
they taught in England, 'rhey hroiiglit with 
them and (‘stablisluxl here the woolhm, worsted, 
and najiery industries, silk-weaving, tapestry, 
dyeing, glass-making, pot 1 cry, and pa, per -making; 
tfiey gave us nu^n of light and leatling for the 
Church, stat(‘craft, and tlie Law, gallaiit imm 
and skilled for the Army and Navy, artists, 
poets, men of letters. The peaceful invasions 
to which now' and again \\v- are subj(M!ted 
assume a diibTcnt form. 

We, like dapnn, have again and again to 
Westernise. The Americans cause us to nr- 
model our methods of making boots and matclies. 
Wo have to lx; content with typowrittus of 
their make, with their calculating maehinc.s, 
their eh^ctrical inventions, their dictionaries, 
and, very largely, their furniture. We are 
iibout to model our building methods upon 
theirs. If W'(^ do not, they will do the building 
for us, as indeed they liavc* done in more than 
one instance already — notably at. Manchester, 
and in the (dectritieat ion of the London District 
Raihvay. ff only another ^'erlo’s would come 
to lake in hand llie Eort of London, tlm metro- 
polis might hop(\ ddie spirited manner in which 
tlmso industrial invasions ar<^ met and co!mter<*d 
— for Englishmen of dash and g(*nius carry the 
wrar into the heart of the eruiuy's camp at 
times - shows that Britons ha,v»^ not lo.st tluur 
old adaptability, tht*ir }xjAver tnisily and rapidly 
to conform to luwv demands and luwv con- 
ditions. Tho old theory that once a nation is 
mistress of a etu’tain industry she shall for 
ever remain mistress of that industry is break- 
ing dow'n. Increased competition hy rivals, 
who but tho other day w^eve ijiionsiderable, 
lias taught England a lesson by which she has 
not been slow to profit. 

The New Spirit. The need for this 
modernising of method was oxpre.sst'd hy King 
JBdward, as Prince of Wales, in a notable spwcdi 
delvviered in London some yeai*8 ago: “ Hitherto 
EngHali Aching has relied chiefly on training 
the faculties, so as to adapt men to 

tliehr intelligence in any occupation of life 
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to which they may be called. And this general 
discipline of tho mind has, on the whole, been 
found sufficient until recent times ; but during 
the last thirty years the competition of other 
nafions, ev(‘n in maniifaetures which wore once 
exclusively carried on in this kingdom, has been 
very severe, dhe great progress that has been 
made in the means of locomotion, as well as in 
the application of steam for the purposes of life, 
has distributed the raw materials of industry 
all ov(!r tho wotlfl, and has eeonomisefJ time 
and labour in their conversion to objects of 
utility. Other nations which did not possess in 
such aluindance as (Ireat Britain coal — the 
source of ]x)w(‘r~aud iron — the essence of 
strength — compensated for the want of raw 
material by the technical education of their 
classes, and tliis country has, therefore, seen 
rnanufacturt'S springing up everywhere, guided 
by th<* trained intelliLU'rux^ tlius created. Both 
in Eiirojxi and Anu'riea tf'chnical colleges for 
teaching, not tlie })ra(*tic(‘, hut tlu^ principles of 
sei<‘nee and su t involved in ]>artieular iiiflUwStries 
})ave been organist'd in all tin? leading (‘ontros 
of indust l y. England is now' thoroughly aware 
of the n(‘e(*ssity for supplem(‘nting her educa- 
tional institutions by colleges of a like nature. 
Alost of our great manufacturing towns have 
either started or havi‘ ali«‘ady erected their 
e(dleges of sciences and art. In only a few 
iristano(‘s, however, liavc th(‘y b<*eome developed 
into schools for systematic instruction.” 

National etfort has yet to be regarded as 
es.sential. Hitherto {)ers()nal initiative has been 
mainly the factor. The success of personal 
etfort makes us hopeful for the i'^suo of schemes 
founded u])on a broader base. Tho result of 
the work of nu n of mcKlern id(‘as in specific 
industries may Ih^ traced in many directions. 

Revolutions in Industry. What business 
man could afford to dispense nowadays 
with a roller-top desk ? That is, supposing 
he has ever used one. All those desks 
came originally from America. The idea 
was not new. Tn tho homes of many of 
us (here are old-fashioned bureaux witli the 
H(‘xible lattice top. It was the application of 
tlie idea which w^as now. That was American. 
It rc(piiie(l special machinery ; that, too, was 
American. For some time the Americans 
completely dt)mina.ted our market for these 
desks and similar furniture for the office and 
tho lihrary and study. English cabinet-makers 
have taken lesson to heart, and to-day, 
by the aid of mwv and excellent machinery, are 
sweei)ing the .AnuTie-an manufacturer out of 
the market. New machinery has been laid 
down in many of our great boot manufactories, 
and the l esult again is the extinction of American 
goods. Tho English manufacturer has only 
to give his mind to the accomplishment of 
reform ; the result is assured. ^Hie best 
English work is still incomparable. We shall, 
later on, trace other important industries in 
w'hich similar revolutions are in progress, and 
point finally to directions yet open to men 
with initiative and industry. 

Continued 
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Diamond. Tbo cliainontl is almost al)so- 
liiU'ly pure carbon. Its natiin^ was proved by 
tlic cei(‘bra(ed French chemist J..avoisier, who 
succeeded in burning; diamonds, and proving 
that the sole product of their combustion was 
•‘arbonic acid ((’O.^). VW; know^ now’ also tliat. 
if tlui diamond be raised to a white lu'at in the 
absenc(^ of oxygen, it SAvells up, and is trans- 
formed into a black mass, which is juactically a 
slia])elcss lump of charcoal. Diamonds which 
arc not p(*rfeetly whit<' ovv(‘ tluhr colour to tin* 
presences of oxides of various metals, such as 
iron. Diamond is the hardest suhstance known. 
Jt occurs in many crystalline forms, but they 
arc all derived from th(‘ cuh(‘. 'Die juoperty 
which gives it its p('culiar beauty is its viuy 
high power of refracting light tln\t is to say, 
Ix'nding rays of light, and, incidentally, bn^aking 
them U[). [See Optics, in tlu' courst* of PiivsK's. | 
Diamonds are most abundantly found at the 
Cape and in Bra/il, but formerly th(‘y W(‘re 
only know’ll in tlui Deccan in India. 'rh<‘ hard- 
ness of th(‘ diamond gives it a practical use as 
an instrument for cutting glass and for drilling 
rocks. ^rh(5 value of diamonds is variously 
slated to inci’(‘ase as the s(juar(5 or as the euhe 
of their weiglit. 

Graphite. (h*aplii((^ is thc'seeond allotropic 
form of carbon wdiiidi wa* have to consider. 
It occurs in ('ornwall and Cumherlarnl, in tin* 
United States, and elsiwvherc. 'Phe carhon 
wdiieh s(‘parates out fiom cast iron wlam it is 
slow'iy eo<ded is grupbit<-. It crystallises in the. 
form of .six-sided plates. .\f»f)arently in onhu* 
to confuse; tile student, graphit<' is known by 
twT) names which attemjit to jiersuade him that 
it consists of h*ad. "rh(‘.se are h/arhlcatl and 
plumi'iyo. Besides its use in making pencils 
and blacking grates, graphite is also employed 
for the making of moulds for iron casting, and 
is also mixed with lin'clay for the making of 
crucibles. 

Charcoal. (.^harcoal is an amorphous 
form of carbon, and is obtained from two 
distinct sources. Animal charcoal is obtained 
from bones by heating them in the aliscnee of 
air, and is thus also knowm as hone-black or 
bone-charcoal. It, how’ever, is an exceedingly 
impure form of carhon, a very large part of it 
consisting of phosphate of lime. Jt has a 
peculiar aflinity for colouring matters, and is 
used in the process of refining sugar so iis to 
remove colouring matter from it. ft is also an 
ingredient of blacking, and is em}>Ioyed as a 
pigment. ].<arapblack is another impure form 
of carbon, which is obtained by the* imperfect 
combustion of oil, and is also used as a pigment. 


Wood Charcoal. This is made by charring 
wood. If is far from pure, hut eoiitainsa much 
larger proportion of earhon than does animal 
charcoal. The time-honoured w^ay of preparing 
it is by piling tla* wood in a. lu'np, covering it 
over witli turf, and tluui setting it on tire. 'Phe 
result is a number of lumps of wooil (;han;oal 
w'hieh retain tin' original shape of the pieces of 
wood. It is an ingredient of old-fasliioned 
giinpowdc'r, mixed with snl])hnr and nitre or 
s;dtp(‘tr(‘, llu‘ nitrate of potassinni. 'Phis form 
of earhon has a pi'culiar physical pi’operty ; it 
is exti‘(‘m(‘ly poioiis, and thus will hold a large 
(piantity of gas ; hut imn’i* than that, it has a 
p(»W(*r, hitlierto unexplaiiu'd, of condensing gases 
on its surfact; and in its suhstance. A given 
quantity of woofl charcoal w ill absorb nr occlude 
an amount of gas which would otlu rwisc' occupy 
hundiT.'Is of times its own voliim«‘. W'ood 
charcoal is thus a deodorant, having the power 
of r(‘moving had smells ; hiif it is also in some 
m(‘asur<* a. disinh^ctant, for it accumulates 
oxygi'U in its pores in a higl\ly coudiaised and 
tluM'efore V('ry active form, by which means it is 
enahleil, so to sp(‘al<, to burn up microbes and 
bring their life to an end. 

Gas Carbon. .Vnollua* \arii‘(y is gas 
carbon — fioroiis. grc'yisli black, and exceedingly 
hard — which is tleposited in gas retorts during 
tin* process of making gas from (‘oal. 'Pin; coal 
gas Consists ]aig(‘ly of ef)mpoiinds of liydrogen 
and carl)on, and it is from th(‘sc that gas 
carbon is ol)tain(‘d. It also is amoiphous. 

Coal. Deal is tirn; of the most, impoitant 
forms of carlx^n. of wbicb it contains from about 
7t) per cent, in the poori'st foians of coal up to 
1)7 per c('nt. in anthracites Anthi'afdtc coal i.s 
a eiircct. product of the activity of chlorophyll, 
the suhstance; which wc mentioned in the 
last sts-tion. It consists of tlic carbon 
remains of certain forms of giant ieriis which 
lloiirishial upon largo portions of the; earth's 
surface many g(‘ological ages ago. Foal is the; 
characterisi i(; constituent of the geological 
stratum which is known as tlu' earhoniferous. 
[Sec (Jeoi.ooy.] 'There' is good scientitie; grounel 
fe:>r tlic poedical eloseript ion of coal as “ Imrieal 
sunshine; ” ; for the* aedivity e>f the chloreiphyll, 
to W'hieh it owes its formation, elcpe'iuls entirely 
upon the action eif sunlight. When coal is 
heatexl in the al)se*ncc of air, as for instance; in 
(he* manufacture of coal gas, we obtain not einly 
(he gas carbon wdiicli is depejsited on tlic ufiper 
surfaces of the gas retorts, hut also the product 
which we call coke. 'Phis by no me*ans consists 
of pure carbon, but it is ve'ry much purer than 
coal. 
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The briefest reference may be made to some 
very interesting experiments by 8ir James 
Dewar upon thi^ behaviour of the various forms 
of carbon at extremely low temperatures, 
especially in relation to their powei’, already 
referred to, of occluding gases. He finds that 
when charcoal, for instance, is irnnu'rsed in 
liquid air, its power of gaseous absorption is 
extraordinarily increascHl. VVe liave ytd to 
reach the explanation of these, and countless 
Other facts, which belong to the new seitmee of 
physical chemistry. 

Oxides of Carbon, (.'arhon forms tw'o 
compounds witli oxygon, both of whicli are of 
great impojtancc. The sim])lest is known as 
carbon numoxidc, or rarbonir oxi(fi\ and has the 
formula t’O. It is an odourless, tasteless, 
colourless gas, and is produced in nature when 
carbon is burnt with an amoutit of oxygen 
which docs not suthci* for its complete oxidation. 
For, when carbon is compl(*t(*ly oxidi.sod, there 
is produced the substance' known as carbon 
dioxide, or carbonic acid, which has the formula 
(X).j. Carbonic oxide may also be formed by 
reduction of (carbon dioxide by means of red- 
hot carbon, according to llic e<(uation 
CO, |-(J --2C0. 

This process may bo observed in a hot fin', 
and is of impcn'tanei', because it occurs in coke 
stoves. In an ordinary tire, the coal which is 
near the front, and thus r(‘('i‘iveH abundance of 
oxygtai, undergoes compk'U' ct)mbustion, and 
yields carbon dioxide ; but as tins gas passes 
backwards over the red-lvol coal at the back of 
the fire it is reduccHl. acconling to the above 
equation, and yi<*lds carl;on monoxide; but as 
this arises it meets with a bett('r supply of 
oxygi'ii, and is itself burnt to form carbon 
dioxide again. Jt Imrns with a blue flame, 
which may b(‘ constantly seen in a very hot 
lire or a cliareoal stove. "J'lie formation of 
carbon monox idi; in this fashion is a very 
frequent caiisi* of deatli abroad, where charcoal 
is frequently huriil in rooms insuhiciently 
ventilated. 

Now, why is this gas })()isonous ? Wo arc 
able to ans\\er the (j[Uestiou very precisely. 
Carbonic oxide is })ois()nous in a special sense, 
as carbon dioxide is not, because it is capalde 
of combining with flu; hjemoglobin of the blood, 
which was mentioned in our discussion of iron. 
Carbonic oxide forms a very lirm union with 
hcemoglohin, yielding a compound wliich has a 
very bright red colour, and gives a characteristic 
tint, wliich lias been described as cherry-red, 
to the blood of persons puisoneil by this gas. 
This compound is a very firm one, and it 
prevents the luemoglobin of the blood thus 
occupiecl from performing its proyier function 
of carrying the oxygen of the air from the lungs 
to the "tissues, '.rhiis the patient dies of a kind 
of suffocation. The especial danger of this 
gas is that its accumulation in a room offers 
no warning to the senses of smell or fasU', 

Cat^bonie Acid. Wc may as well at 
oneo fdmitLthat this is not really an accurate 
namoifo yhat jhould more properly be called 
caarboii tliq^de (00.). A more accurate name, 


often employed, but unfortunately calculated 
further to puzzle the student, is carbonic 
anhi/dride. The moaning of this last word 
must be explained. An anhydride (which 
really means not water) is an acid from which 
have been removc^d the elements which corre- 
spond to the constitution of water — that is, in 
the proportion of two atoms of hydrogen to one 
of oxygen. The name carbonic acid should 
properly he confined to the union of carbon 
dioxide and water. If we combine the two 
formulas, 11,0 and (JO , and write the product 
with tile hydrogen first - as wo usually write the 
name of an acid - we get the formula H_C(d 
and it is this substance to which the name 
of carbonic acid .should properly he confined. 
This substances is not a mt*rc chemical fiction ; 
it has a real existence, though it is very unstable. 
If carbon dioxide be dissolved in water, we find 
that this substance is present. In the first 
})la(‘e. sueli water has a very faintly acid taste — 

I he taste of soda-water; in the second place, 
it is like an acid in its action on litmus paper. 

Litmus. Litmus is a vegetable substance 
wbieb is prepaivfl from certain lichens, and 
acts as an ('xt n'tru'ly delicate test for the presence 
of acids and alkali<;s. A solution of it in water, 
carefully pn'jiarc'd so that not a trace of free 
alkali or free acid is present, has a violet colour, 
and blotting- pajxu' may be impregnated with it. 
If. now, siu'h litmus paper, as it is called, bo 
exposed to the faint('st trace of free acid, it 
immt'diaU'ly turns red, but if to the faintest 
trace of free alkali, it immediately turns blue. 

Carbon Dioxide. Wo are entitled to 
concludt;, then, that the solution of carbon 
dioxide in water is more than a mere solution, 
iind includes a ti'uc m'id H^(J0 to which, if we 
were to be strict, wc should have to confine 
tlie name of carbonic acid ; but as soon as 
the water is lu'ated the acid is broken up and 
carbon dioxide, or carbonic anhydride — wo 
now see tln^ r(*ason for tlie name — is given off. 

This most important substance is a colourless 
gas, all but free from smell and taste, and is 
normally produced by the complete oxidation 
of carbon. This is true, whether the carbon 
be coal in the fireyfiace, or carbon combined 
in living tissues. Every living thing, from 
microbes uy) to man, incessantly produces carbon 
dioxide as the conse(iuence of its life. The gas 
is also producetd as tlie result of the decomposi- 
tion of dead organic matter. It is found in coal- 
mines also, and as it will not support life con- 
•slituti's a source of great danger to the miner, 
who calls it choke-damp. It is also produced in 
mines a.s the result of explosions of another gas 
called Jhe -dampy and then the coal-miner calls 
it alter-damp. This is responsible for the loss 
of many lives. The gas is heavier than air, and 
thus accumulates in the lowest parts of coal- 
mines, old wello, and the like. The most con- 
venient test for ascertaining whether it is safe 
to descend a well, for instance, consists in 
lowering a lighted candle and seeing whether 
it will continue to burn. It will, of course, bo at 
once extinguished if plunged into an atmosphere 
of carbon dioxide. Upon the weight of carbon 



CHEMISTRY 


(linxido dopondft tlio sinf>ularly brutal form of 
scientific experiment which is jauforrued, or used 
to bo perfornieiJ, at the (Irotto del Cane, in 
Italy, whei’c a layer of carbonic acid lies uf)on 
the floor of the cave. Thus, human beinj^s can 
walk in with impunity, but dogs wbicli an* 
corntdetoly imimnsed in the (Carbonic acid 
promptly succumb, ilence the name of the 
place. 

Carbon dioxide is produced when we heat or 
otherwise decom])os(* a carbonate. This Avas 
the famous (^xperiimmt of Jos(*ph Black, whom 
w^e mentioned in our initial chapter. He heated 
dial V, which wo now know to consist of calcium 
carlionate, or carbonate of linui (Ca(H).j), and 
showed that it w'^as converted into quicklime 
whilst losing an “air “ which hatl formerly been 
“ fixed ” in it. 'I’his he thendon' called “fixed 
air.” We now know' that it is carbon dioxide, 
and we are abh* to writ{‘ tin* simjile eipiation 
which r(‘pr(‘sents tlu^ decomjKJsilion ; 

.('a(d).. (^lO r ('(), 

Precisely the saints thing happens when a (‘ar- 
bonate, such as carbonati* of soda, is treateil 
with a strong acid, 'the acid tak(‘s to itself the 
base of the carbonate, which in this case* is 
sodium, and turns out cubonie acid, which 
immediately shows itself in the' form of bubbh^s 
of gas. 

Carbonic Acid and the Air. (hir- 

bonic acid occurs as a constant constituent of 
the atmosplK'n*, to the extimt of about 'Ol-Ob 
pt'r eent. This latter ijuautity is r('garded by 
liygienisls as about the limit wbieb should be 
set to the amount of this gas tiermittial to occur 
in inhabited air ; at any rat<‘, tin; “ physiological 
amount,” as it may be calhal, should bart'ly 
exc(‘ed *()() per cent. Tlu? presimce of green 
plants is impoi lant in modifying the perceiitago 
of earboii dioxide in air. Plowors and plants 
art' beneticial in a room in tlayligbt, for they 
reduce the amount of carbonic acid in tb(‘ air 
by means of the process wbieb was briefly 
mentioned wbtai we were discussing iron and 
chloro}>hyll ; but at night they ar(‘ powerh‘Ss. 
Day and night, like? every other living thing, 
plants breathe, taking in oxygen, giving out 
carbonic acid, ami thus temding to vitiate the 
air. U.ider Ibo intluenci? of sunlight tiiis familiar 
process is more than neutralised, so far as we 
are (ioncerned, by the? converse ])rocess, but at 
night the plant continues to breathe and consume 
the? air, whereas its salutary functie)ii cease‘d at 
sundown. Theirefeire remeive all plants and 
flowers from a bed-room at night. 'J’lie simul- 
taneous performance of two exact ly oppe>site 
functions in the daytime is perhaps rafbeT con- 
fusing. At any rate, our case is simple* enough. 
Day and night wc simply add to the? carbonic 
acid in the air, nor can we re.'gain the valuable 
carbon sepiandered thereto, except through the 
mediation of the plant. 

Supposed Accumulation of Car» 
bonic Acid. Now, if we picture the entires 
surface of the earth, on which man is so rapidly 
increasing, and if we consider that every living 
thing is incessantly producing carbonic acid 
during its life, whilst the same gas is evolved 


from its remains after its death, it ma,y seem 
])rohable that at length all the oxygen of the 
air will be used uj) and r(‘ptae(‘d by carbonic 
acid. The reverse action ficrformed by tlu? 
green plant in daylight could delay this aeen- 
mulation, but couhl not arrest it. 'I'bns tin* 
imagination has pielnr(?d tin* last survivor of 
tin* human laoe as gasping for air siwni'where 
on tin? side of Mount Everest ; while bis fellow 
b<‘ings, both animal and vegetable, lay drowned 
beneath him in the rising sea of carbonic acid, 
fhit there has now been discovered a coinjien- 
satory jnocess. \V(* have reason to believe that- 
the peroentage of carbonic acid in the air is 
practi<*ally constant (*verywbere, and at all times. 
'Phis is a v(*ry fortunate eircnmstance, for our 
breathing entirely depends foi- its su(?cess upon 
tin* f)r('sence of a propei' p(*re(*iilag(' of oxygen 
and a small (‘nough percentage of earbonio acid 
in the respir(?d air. 

The Sea to the Rescue. 'Pln'n* is 
every reason to believe tluil it is the si*a wbieb 
controls and keeps c?()nstant. the amount of 
carbonic acid in the air. Sea-water contains a 
varying proportion of tin* carbonate and the 
biearbonali? of magrn*sinm, tin* latter salt con- 
taining twic(? as mneli carinmic acid as tin* 
foriin*!*. Now, the propoition of carbonate to 
biarbonatc* varies with the ])erc(*idagc of car- 
bonic* acid in tin* aii* aliovc the sea.. VVln*n 
that ])ei‘eentage tends to rise*, what is called tin* 
)farfiaf /tressure* of tin* earbonie a(*id in the air 
also tends to rise, and the rc'sult of raising this 
pressure* is to drive tin* excess of carbonic acid 
into the carbonate of magin‘sinm in tlu* S('a- 
wat(*r, turning it into bicarbonate*. If, on the 
contrary, tln‘rc be, let ns say, a large forest near 
tin* sea, which tends to n*duc(* tin* amount of 
carl)onie acid in the air and st) to low(*r its partial 
pressure, some* of tin* bicarbonate of magru'sium 
in the sea-wate*!' is deceimpose'd into carbonate 
and carbonic acid, which hitle*r isgi\e*n back to 
tin* air, the* lialanet* be*ing (bus re‘store‘d. Tims, 
in aecoi’dance* with tin* laws of what mode*rn 
physical cbi*mistry calls there? is an 

automatic aiTang(*nn*nt for regulating and ken*p- 
ing Constant tin* amount of atnn)Spln*ric carbemic 
acid. The fa.c*t that tin? pe-rceuitage* of carbonic 
acid is so e-onstaiit in dill(‘rent places is easily 
explained by the* incessant movements eif the 
atmosphere. The percentages of this gas in the 
air of a gre*at town ce*rtainly lises during tin? 
da3% but when the lire*s ge) out the w'ind is soon 
abie? to re*storc the* eiriginal state eif things. 'Phis 
is one? of the reasons why night air, de*spito the 
ympular pri*judice* against it, is lu*alt flier than 
day air. 

Solid Carbonic Acid. We have lK*ard 
much Iale*ly about liquid air anel evem liquid 
hydrogen. We^ also kne)vv that Sir Jam(*s Dew ar 
has Hucceedi*d in even solidifying both air and 
hydrogem. The first gas to be se)lidifie*d by the 
clnunist was carbonic eicid; by the application of 
suflicient ce>ld and fircssure it may be readily 
obUiined as a substance which has all the* 
appearances ejf snow. It is not too colei to be 
held for a short time in the hand. 

* Se© “Atmospheric PrewHure ” in Physics. 
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Elements Allied to Carbon. The list 
of elements which have certain resemblances 
to carbon includes silicon^ tiuj lead, all of con- 
siderable importance, and three rare olomonts, 
titanium, zirconium, and thorium, only the last 
of which is of any practical importance. It is the 
essential constituent of gas-inantlc.s for incan- 
dtjsccnt lighting?. Silicon, as we have already 
seen, is exceedingly abundant, but it is never 
found in tlu^ free state in Nature. It may be 
extracted from its double lluorido with potassium 
l)y means of imdallie sodium, and then is obtained 
as a brown pow'tler. Ilut it may also be obtained 
in bliiek six-sided plates, and therefon* ]n*e.sont.s 
ns with anothcT illustration of alloti’ojiy. It is 
obtaiiK'd in its erystalline form by dissolving 
(he amorphous powdeu* in mollfui zinc, and then 
allowing the solution to cool. Mention has 
already be(ui made, of (lui n'stunblances between 
til is suhslanee and carbon, tiie former tlu5 most 
important element in the organic, and ilie latter 
the most important (“lenient in the inorganic 
world. One atom of silicon combines witli two 
of oxygen to form the v(‘ry at)iindant eornpourid 
silica, wliioli lias the formula SiO.^. Like carbon, 
silicon combiims with hydrogc'ii to form a gaseous 
compound, and many of the carbon compounds 
can be paralleled by similar compounds, which 
difter only in containing carbon insti'ad of 
silicon, dust as we have carbonates, the 
foundation of which isL(.).j, so. there are silicates, 
the basis of wdiich is SiO^. (Jlass consists 
entirely of silicates, the nature of the base vary- 
ing in ditTorent kinds of glass. Flint glas.s, for 
instanocN consists of alkaline and lead silicates, 
while other bases, such as sodium, potassium and 
calcium, enter into the composition of other kinds 
of glass. 'Tlu^ silicate of sodium, which has (he 
formula Na.SiO.. -compare the earlxmate of 
sodium Na.jtJO,.-— goes liy the name of water- 
glass, and is used in solution for the purpose of 
making wood and other snlistances tireproof. 
For a full discussion of the important substance 
glass the reader is referred to tho special section 
dealing witli that subject. 

Tin. M^in oceurs in Nature in the form of its 
oxide, which is calk'd tinstone, and has the 
formula SnO... It occurs in rornwall, as the 
aucient.s seem to have known, and also in 
Australia and Mexico. [See MurALLFru^Y. ] Tin 
forms two series of salts, the stannous and the 
stannic, the nK'aning of which terminations was 
explained in our eo isid(*ra(ion of iron, 'riie stan- 
nous chloride luus tlu^ formula SnCl.^, and is 
known as salts of tin. It is us(?d in dyeing and 
other trades. Stannic chloride has the formula 
SnClp and is also used in dyeing. 

One of lh(j most useful properties of tin is its 
power of forming alloys with other metals. Tin 
and lead form pewter and various other sub- 
stances, such as solder and Hritannia metal. 
Tin combined with coppi'i* also yields bronze, 
and what is called spieulura metal, which is 
capable of taking a high })olish, that renders it 
valuable in optical instruments. Tho chief use 
of tin is in the njaking of tin plates. 

Lead. If^ad is an important metal to which 
lately tfretnetical interest has been attached, 


since there is actually reason to suppose, as has 
been briefly mentioned, that it represents the 
last stage of the atomic evolution, an earlier 
stage of which is represented by radium. The 
most important ore of lead is sulphide, the 
common name of which is galena. Commercial 
load almost always contains a small proportion 
of silver, which is now extracted. When pure, 
the metal is very soft, yielding even to the 
finger-nail. It melts at the relatively low 
temperature of C., and its alloys with tin 
are nutted with similar ease. Lead is not 
attacked at all by dry air, but it is soon dulled 
by moist air, owing to the formation of an oxide. 
Lead, of courst;, is very largely used for the 
making of pipes and cisterns, and it is a matter 
of importance to know the conditions under 
winch such lead will remain untouched, and the 
conditions under wliich portions of it will he 
dissolved and carried away in wjiter which may 
subsiMpK'ntly bc^ drunk. Coraparativ(*ly largo 
doses of tlu' salts of this metal may be taken with 
entire impunity. Thus, acute k?ad poisoning is 
one of the rari'st of occiirri'nces, hut tho minutest 
(juantities eontained in water which is drunk 
for a long period, may givi? rise to chronic 
jxjisoning, wliich is unfortunately still exceed- 
ingly common, find vi^ry often fatal. Clironic 
lead poisoning also arises from carelessness on 
th(5 part of workers in lead. Tho most important 
pri'caulioii which the-se workers can take is that 
of S(Tupulously w'asliing the hands before 
eating. For obvious reasons, chronic lead poison- 
ing is frequently referred to as “ painter's 
colic.” The carbonate of lead (PbCO.,, white 
lead), is one of the commoncstof pigments. 

The Action of Water on Lead. 
Let us now carefully imiuiro into the con- 
ditions w'hicii determine the aetiori of water on 
lead pipes and (ustenis. ffard water, os it is 
call(>d, will never caust^ lead poisoning, because 
it is incapable of dissolving any lead from the 
surfaces witli which it corm^s in contact. Hard 
w^alor alw'ays contains free calcium carbonate or 
calcium sulpbate, as we saw in a previous 
chapter. It is only in the cast^ of soft W’^ater that 
any danger of chronic load poisoning through 
the wat(^r sufiply is to be anticipated. Such 
watc'r usually contains certain organic acids 
which ar(i derived from the soil, and which may 
be conveniently included under the general 
term of humic acid- from the Latin humus, the 
soil. These acids arc capable of dissolving lead 
from pipes or cisterns, and thus giving rise to 
lead poisoning. Soft water is thus a source of 
constant dangc^r if used for drinking. A useful 
little precaution is to allow the tap to run for 
a ft*w seconds before water is drawn for drinking 
purposes. 

The chief oxide of load is known as litharge, 
which has tho formula PbO. Another oxide, 
Pb;.0,, is known as red lead, and is a scarlet 
jjowder, which may be obtained by heating 
litharge. It is used as a pigment, and in making 
flint glaJw. When acetic acid acts upon litharge 
we obtain a white powder, which is the acetate, 
and which, owing to its sweet taste, is known as 
sugar of lead. It has some small uses in medicine. 
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The Nitrogen Group of Elements. 

We must now pass to an important group 
of five elements — namely, nitrogen^ phosphorite^ 
arsenic, antimony, and bismuth. Not only do 
these form a distinct group from the chemical 
point of view, utterly diverse though they are 
in ph 3 ^icat characters, but they also form a 
recognisable group in the resemblance between 
their respective actions upon the human body. 
Much of the most important of these chmients 
is nitrogen, which constitutes about four-tifths 
of the air, and Avhich must be dealt with in detail. 

Nitrogen. Nitrogen is a col()url(\ss, odour- 
less gas. We inhale it with every breath. It 
may be obtained in a relatively pure state by 
several moans. For instance, if wc pass a current 
of air through a glass tube tilled with red-hot 
copper, the copper ki^eps the oxygcai while the 
nitrogen pass(\s on ; or wo may turn out nitrogen 
from one of its most familiar compounds, 
amrnonia, by means of ehlorine. Ammonia has 
the formula NH.., and if wo pass a. eun eiit of 
chlorine through a strong solution of ammonia, 
the hydrog(.*n combines with the clilorino to 
form hydrochloric acid, 1T( '1 ; whilst the nitrogen 
escapes, and may easily be collected. Other j)i*o- 
eesses also ])ermit of the collection of this element 
in a pure state from tht* comp(^unds known as 
nitrates, which oceur abundantly in many parts 
of the earth. Nitrogen may also be obtained 
from the complicated organic bodies called 
protoids. This element is a const itu(?nt of proto- 
plasm — the physical basis of life — and th(^r<*foro 
occurs in every living thing, whether animal or 
vegetable, high or low. In marked contriist to its 
partner oxygen, nitrogen is a very in(;rt sub- 
stance, having little tendency to combine with 
other elements. It is sciirccly nocc^ssary to say 
that it does not support life or combustion. Its 
most useful role in the atmosphere, acotu’ding to 
our present knowledge, is that of diluting the 
oxygen. Nitrogen is peculiarly insoluble in 
water. Under suitable condit ions it can bo burnt 
or combined with oxygon. Such union occurs 
as the result of passing an electric spark through 
the air, and thus— owing to the electrical con- 
ditions of the atmosplicrc, the passage of 
lightning, and so forth — small proportions of these 
comp )unds are found in the atmosphere. The 
oxides of nitrogen are no less than five in 
number — as we said in a previous chapter — but 
of the^3 only one need be further discussed here, 
and. that is known as nitrous oxide, having the 
fonnula N.^0. Popularly, it is called laughing-gas, 
and it is of historic interest as the first substance 
used for the production of general anaesthesia for 
surgical operations. Its property de]:)ends upon 
its behaviour in relation to the hjemoglobin of 
the blood, with which it forms a loose com- 
pound. It is probable that no single case of 
death directly attributable to its use can bo 
recorded. It has a faint odour, with which 
the reader is very likely familiar. Very different 
is the odour of some of the higher oxides of 
nitrojp^en, which cause extreme discomfort and 
choking. 

Phosphorus. This element and the succeed- 
ing two ill this group, arsenic and antimony. 


are often known as metalloids, since they have 
at least some of the properties which we usually 
associate with metals. There is no free phos- 
phorus in Nature, hut the element is found in 
many rocks and minerals, besides being the 
necessary ingredient of all but the very lowliest 
forms of protoplasm or living matter. The ele- 
ment is usually obtained by distilling phosphoric 
acid (which has the formula H..P() , ) with carbon. 
When this mixture is heated to whiteness the 
phosphorus distils ov(m*, and is collected in warm 
water. Idle manufacture is not easy, for the 
(‘lement is very ready to unite with ox.yg(‘n, 
and burns, forming offensive and dangerous 
white fiim(‘S ; tlms the element has to be pre- 
aerve<l under water. If any moisture bo prcisent, 
}»hosphorus is phosphorescent, or luminous, in 
tiui dark, the cause of this phenomenon being 
the slow oxidation wliich occurs on its surface. 
This ordinary, or yellow phosphorus occurs in 
eight sided crystals; but wc have here another 
ease of allotro})y, for if ordinaiy plios])horus bt' 
heated beyond a certain temperature in a ckised 
vessel, or be lusited in a tube with a small 
quantity of iodine, it is converted into another 
form calleil red phosphorus, usually called 
amor})h()us phosphorus, since it is usually noii- 
crystallim*. Red phosphorus is not luminous in 
the dark, sincf^ it is not oxidised at ordinary 
temperatures ; it does not catch fire at low 
t(?mpe?'atures, it is (*xc(*(Hlingly insoluble, and in 
conseqiK'ncc it is quite non-pf)isonous, whereas 
ordinary phosphorus is a xory dangerous poison, 
tile limit of safety for a medicinal dose being 
estimated at about ono-iwentieth of a grain. The 
most important comimTcial use of phospborui? 
is in the manufacture of inatehes, the chief value 
of the elem(‘nt in this connection lying in the 
fact that it catches lire at low temperatures. The 
ordinary match has phosphorus on its tip ; in 
the case of (he safety-match , ])liosphorus is 
placed on the box. Recemt inquiries scorn to 
show that phosphorus may bo obtained in a 
non-poisonous hirra which is quite efficient for 
all the puiqioses of mat dies. As very substantial 
danger is attaclusl to the manufacture of matches 
in which ordinary phosphorus is employed, it is 
to be hoped that tin? manufacture of such 
matches, being siiperliuous, will shortly c(*ase. 

The Oxides of Phosphorus. Jdiosphorus 
forms two oxides, wdiich liave the respective 
formulas P.^0;, and lake CO., each of 

these is an anhydride of an acid. We need 
not here go into ddails of the various acids 
com{)ouiuled of hydrogen, phosphorus, anil 
oxygen. Hypophosphorous acid most peo])le 
liave heard of by implication, since its salts - tlic 
hypophosphites—have a jirobably illusory repu- 
tation as tonics. Ilie most important acid is 
known as phosphoric acid, and has the formula 
already stateil. Its anhydride is PoO-, which 
has a great affinity for water, and is used in 
cheii^istry for the jmrpose of removing the last 
traces of water from substances which arc 
required to be absolutely dry. The reader may 
be puzzled as to how it is that the anhydride of 
the acid contains more atoms of oxygen than the 
acid itself, which certainly looks absurd. In 
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order to solve* tins difliendty, wv must double the 
formula of phos})borie aeid, so that it reads 
JI,;Po()^. If from this we take tlirei* moleeules 
of wat(‘r, w(‘ lind that wo have left, 

aeeordinj^ to the ('(piation 

II..PJ), ;in,() 1 P.o,. 

'i'he most important salt of plu^sphorie acid is 
one of the ealcium salts. 'I'Jiis |)la)S|)liate of lime 
is an ess(‘ntial eonstituent of plants, and it is 
ahsolul(‘ly ni‘e(*ssary to add it to the soil hy one 
nu'ans or anotlu*!’ if it is expected to have a 
continuance of ^ood crops. 

Arsenic. This elem«*nt is occasionally 
found in the uncomhined stati*, hut more usually 
in the form of a sulphide, oft(‘n in comhination 
with sulphide of iron, ft is nu)st commonly 
pr(‘pared from tlu* min(‘ral known as ////.9yaV/v7, 
which is a comhination of thes(* two sulphides. 
When this ore is ht‘ated in earthen vessels, the 
ars(‘nie comes over in a ^uisecms slate, and can he 
condensed. Arseni*' <loes not o(‘(‘ur in the li*|iiid 
stat(', hut pass<‘s dii'eetly from th(' ^as(‘ous to tlu* 
solid stat**. It is a. st('(‘lish ^J^r(*y solid, and is 
anotlu'r e.xarnphi of allotropy. If fornual hy 
slow (^omh'nsation, it has a metallic lu 'tre, and 
is crystalline. If rapi«lly condens(*d on a cold 
surfacf', it (;ecuis as a. hlack ainoi])hous sub- 
stance. Tlw' reason why arsenic dot's not 
litpK'fy is that, undt'r ordinary cotidit ions, its 
boiling [)oint is at a. lowt'r It'mperature than its 
melting j)oint. * But if the atmospheric ])ressurt' 
he raised, the hoilin^ point is raiM'd above tlu* 
inc'ltin^ point, and then tlu* t'lement may ht* 
litpielied. /\rsenic is ust'd in tlu* manufacture of 
shot, as it makes the lead harder, aiul also makes 
it mrnv rt'adily assume a splu'iieal shape* as it 
drops throuiih the air, which is tlu* process by 
which shot is made*. Arsenic is \ ery larjjjely usetl 
in medicine in very minutt* dost'S. and llu'iv are 
C(‘rtain condilions nf the skin and other oryarjs in 
which it is (‘.xtrenu'ly valuable. The i^reat student 
of drills, Itin/, of lloiui, in (Jermany, lias sug- 
gested that it owes its virtues to the propt'rty of 
carrying oxygi'ii from the blood to the tissiu's. 
'Plu* drug a<*cmnulat<-s in the body, howa'ver, 
and must not he given continuously. In large 
dosi's, and in chronic poisoning, arsenic causes 
a seii<*s of toxi(^ symptoms, which resemble 
tho.st^ eaust'tl by phosphorus, its pr<*deeessor in 
this group, and by antimony, its succ<*ssor. 

Antimony. 'Phis element is, ]K*rliaps, more 
closely alPu'd to the nu'lals than its ])redeccssors. 
Tt occurs iifnature in the form of tlu* sulphide, 
which has tlu* formula Sb.,»S.. Bure anlinioiiy 
can readily lx* obtaiiu'd from the sulphidir hy 
heating this ore with scrap-iron, which eomhines 
with the sulphur*, whilst the antimony melts and 
may he collected from the bottom of the ves.sel in 
which flu* operation is conducted. 'Phis ('lenu*nt 
is brittle, bluish white, and crystalliiu*, and melts 
at the comparat iv(*ly h.nv tem])erature of about 
450" C. It is only acted upon hy air when 
heated, and then forms the trioxide which has 
the formula Sh..O.., eorn*sponding to that of the 
sulphide. Alloyed with lead, antimony goes to 
form tjipr metaL Alloyed with lead and tin. it 
form^ Britannia metal. The introduotion of this 
drugi^^t- - inedieine ir usually attributed, os we 

im 


remarked in our first lesson, to Paracelsus, and 
the story goes — hut w'c give it only for wdiat it is 
worth - that the derivation of the name depends 
upon a. certain occasion when he took the 
of)por*1 unity of experimenting Avith this drug on 
a comnj unity of monks, who w^ere very much 
disturlx'd hy its unpleasant [rroperties. Hence 
the nanu* a/t/i, against, and moine, the French 
for monk. This element is very much less 
frerpiently used in nu'dieini^ nowadays than 
formerly. It has a diri*c*t antagonism to living 
matter, and is thus ranked, together with some 
other substances, such as ])riissie acid, as a 
proto plasjnir poison. Its most eh araet eristic 
action upon the human body is as an emetic, and 
its most familiar salt is the compound with 
tartaric acid, wiiic'h is known as tartar -emetic. 

Bismuth. Bismutli is the last metal of this 
group w ith w hich we have to deal. Reference to 
tlu* table alr(*atly giv'<*n will shr)W the r(*ader that 
we have lH*(*n (h'aling with tlu'st* suhslanees in 
th(* onler of their atomic w(*ight. Bismuth is 
<*xc*(*ediugly heavy, its atomic wi'ight being no 
less than It is ])n*pared frtun its sul])hido 

ill a similar fashion to antimony. This salt 
occurs ill (‘ornwall. whilst the nu'tal is found 
native* iuSa.xony. It is of some use* in the forma- 
tion of alloys, tor w hen mixed A ith lead and tin, 
and sonu'linu's with cadmium, it forms an alloy 
which nu'lts eonsiderahly below* the t(*mperaturc 
of boiling wat('r. and whieh expands when it 
soliditic's. 'Phis is known as fasilde metal. Bis- 
muth forms a couph* of oxidi's BiO-. and BiO;;, 
,uid from llu'se then* may h«* fornu'd salts. which 
are of no particular im}>o\tanoe. Two salts of 
l)ismuth, liow**v(*r, of no ])artienlar interest, to 
tlu* elu'mist, {U** largt*ly used in nu'dicine. Those 
an* tlu* (*arhojiak* and the sulmitrati*, of wlii^h 
the lattt'r is much the most iinportai#. In the 
treatiru'ut of certain aireetions of tlu* alinu'ntary 
ea’ial, the sul)nitrat(* l»as lu) ('(pial. It owes its 
medicinal prop(*rtu*s partly to its wi*ight and its 
<*onsiHtence, hut ehietly to the fact that it gives 
olT minute (piantities of nitric acid just where 
tlu'V are wanted, and is thus indirectly a safe, hut 
pow*‘rful aiitis('})lie. Bomniereial bismuth used 
to contain arsenic and may also contain traee.s 
of the raie metals selenium and tellurium, tin* 
latter of w hii h sometinu's imparts an unpleasant 
odour to the breath. .Most pharmacopieias 
contain a largi^ number of preparations of bis- 
muth, including a number of licpiid preparations, 
w hich an* su])posed to a(*l more fpiickly ; but as a 
matter of fact, these licpiid preparations undergo 
change immediati'ly after they arc swallow*ed, 
insohihle salts of bismuth being at once thrown 
down, or lu ecipifated, as chemists say. There is 
thus no reason whatevm* for preferring them. 

We appear to have goiu* very far indeed from 
nitrogen, which was tlu* first momher of this 
group ; nevertheless, the further wc study the 
chemical and physical and physiological propor- 
tit's of these five elements, the more we are 
convinced that there must he a relation between 
them, the nature of which can be guessed in 
some measure by those who have studied the 
previous chapters of this course. 

Continued 
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whicli distils olV llu? t(‘injH‘iaturfs ul‘ 

ami ’174 Fahr. Wlu n pun*, it is colour- 
loss and ci'vsialliscd into needles, which have 
a hurninj< tast(^ and siiicll, somewhat like, 
creosote. Jf takc'U in larjj^e dos<*s it is a poison, 
but, in small doses, it may he tak(*n inh‘rnally 
as a healing ag(*nl. Us ehiet' use is as a dis- 
infectant in surgery and as an extc'iiial ap|)liea- 
tion to (exposed lissu<‘s to exclude* or elestroy 
germs. It is the basis of many of the disinfecting 
comiKamds of eom?m*ree. 

Asphaltc. Asphalt tnn, or tahipyal. 

])itrh, so eall(*d fi'om the* I.,aeus Asphalt it(‘s, or 
Dead Sea, where it was found in am-iciit lim(‘S, 
is <a. product of the*. de(‘om posit ion of vc'getahh^ 
and animal suhstanees. It is usually found of 
a black or bro\N nish-blaek colour, externally 
not unlike coal, but it vari(*s in consist(‘ney 
from a bright pitchy condition, with a sharj) 
eonehoidal fracture* to thick viscid masses of 
miu(*ral tar. Asphaltic de])osits (*xist widely 
ditTus(*d thre)iighout the we)rid, me>re“ (‘specially 
in tro])ie.al and subtropical regions. It is 
found in a states of gn'at purity in tin* inti'istiees 
of tlie old(*r rocks, but its occurrcnci^ is iie)t 
charaetcristie* of any particidar formation or 
period, d'hei most remarlval)l(* d(‘posit (*xi.sts 
in 'I’rinidad, \\h(*i‘e‘ it lorms a lake IM) acres 
in extent, and of unkne)\\n dcptli, int(*rsi‘ct(*d 
with rivuleUs of uat(*i’. In addition to tin* 
lake d(*posit, asphalle* occurs in the^ surreamdiiig 
country in de*tached ])atclK*s, or in sh<‘e‘ts (.)f 
(*onsidei’abk? si/e, and pi(*c('s of asphalte* an^ 
fre(jiK*ntly cjist u]) on tlie* ne‘igiil)ouring shores 
by the S(*a. A considcrabh* (juantity of a line 
asphalte is also deriv<*d fre)m Fuba, undt*r the* 
naim^ ('lutpajt>t(\ or Mix', can asphaUc; and 
from Pcrei a very pun* vari(*ty of high lustre is 
C!XjM)rt(*el. It occurs in many localiti(*s through- 
out Euro[)e*, but not to anv consid(*rable (*xt(*nl. 

Of gr(*at(*r im[)or(anf(* industrially tliau 
simple asphalte is asphalte stone--a limt‘stonc 
im|)r(‘gnat(*d with bituminous nialt(*r, which 
occurs in large* (piantitics in st*v(*ral |)arts of 
Europe, 'riie most valuable d(*posits are in the 
Val de dd’av(*rs canton of Neufchatel ; in tin? 
neighbourhood of Seyssel, in France; ; at 
lh‘(;he*lbronn, in Alsace*; at Limmer, m*ar the 
city of Hanover; and at lleille, in DitJiiarsehin, 
etc. Asphalte* is now' used to an enormous 
extent in the^ ee.mstrue*tie)n of paving, of which 
there arc two principal me*the)ds — first, tlie 
mastic preK*(*ss ; and secondly, by the liot com- 
pressed y)roce*ss. 

An artiticial asplealte* is ])reparcd by boiling 
up the pitch of gas tar with chalk and sand; 
but such a substitute*, though much che*apcr, 
has not the durability of the natural compounel. 

Petroleum, 'or Petrol. The word 
petroleum is us(*d te) de*signite tlie forms of 
l^itumen that are of an oily e*onsist(*nce. It 
pass£*s, by insensible gradations, into the^ 
volatile and ethereal miphfha.s ear the one hand 
and the semi-tluid malthas or mineral tars on the 
other. It is of great econe)inical importance, 
especially as a source of light, occurring naturally 
ooEipg rom ert vices lii rocks, or floating on the 
of water ; and also obtained in very 


largt* fjuantities in various pai ts of the world by 
boring into the rock, w'h(*ne(* it is termed rock 
nil. By far the largest (piantity of oil is obtained 
from th(‘ oil-fi(*lds of Anmrica. The only other 
od-producing r(*gion in the world at all com- 
jiariug with those; of the* United States is at 
and iK'ar Baku, on the Caspian, where the 
existence of oil has be(*n known from time 
immemorial, but where its eomm(;rcial import- 
ance has only ri;cently been i*(;alis(^.(l. It may 
be said that petroleum has obtained universal 
diffusion as a lighting agent ; it is fast displacing 
animal and vegi*table oils as a lubricator on all 
classes of bearings, and also where other oils 
are liabk* to spent am ‘(jus combustion. It is 
very largely used as fut*l for stov(;s, both for 
h(‘atiiig aiui cooking ; and it is v(*ry successfully 
used for motor driving ])urj)Oses. It has also 
b(*(*om(‘ a us(*ful substance* to the apothecary as 
p(‘troleum j(*lly or va.scline. 

Gasolene, (lusnlmc, or (lasofinc, is pro- 
du(*(‘d by the distillation of ])etrol<‘um, and is 
tin; lightest volatilt^ li(piid obtainable. Jt is 
us(mI for .saturating gas or air in carburetters, 
and also in va|)our-stov(*s. 

Kerosene. Knoscuc, is a ])roduct of the 
distillat i(.)n of p(*t roleum, (^oal, bitumen, etc*., and 
consi.sts of a mixturt; of licpiid liydroearbons. 
It is pra(‘tically llu; sauu; as lOnglish paraflin oil, 
and oftc'U go(;s und(*r the name of mineral oil, or 
American ])aranin oil. Jt is extensively used 
in all parts of the world as an illuminating fluid. 

Naphtha. The naphta known to the 
anei(*nts was a fluid variety of hitunien, but the 
mon* mod(‘i‘n naphtha is a e()lourl(;HS, artificial 
li(jui(l obtained by llie (list illation of crude 
petroleum. Owing to its elK;apm*ss, it is largely 
ii.sed as a, solvent in j)l.ie(‘ of b(*jizol arid tiirpen- 
tiiu*, for wliieh purpose it forms a substitute 
often sujjerior to Ibe oil it dis]daci‘s. It is 
also used (‘xteusively in tiu; manufaeturo of 
paints, variiish(*s, rubber goods, etc., as w'oll 
as by dyers and cleaners. Naphtha lamps are 
also usi'd for tem])orary striM;t lighting ; and 
in va])our-.st(nTS the variety of naphtha known 
as s/nrf-(/a saline is used for cooking purposes. 

Shale Oil is the name applied in the trade 
to a (Jertain tpiality of naphtha. 

Benzine. Benzine, or Benzin, is a cijlour- 
Ii*Hs licjuid consisting of a mixture of volatile 
hydroearhons, and obtained by the distillation 
(.>f petroleum. It is us(ul chiefly as a solvent 
f(u* fats, r(*sins, etc., and for cleaning fabrics. 

Benzol. Benzol, or Benzene, which is con- 
found(;d with benzine, is essentially dilTerent 
from the latt(‘r, being a single hydrocarbon of 
constant e()m[)osition, while benzine is a mixture 
of h\ (In »earhons. To confuse tlio tw^o further, 
tIu; colours arc the same, and they are both 
us(*d as solvents. 

Paraffin. Paraffin is a tasteless, in- 
od(n’ous, fatty matter, obtained by the dry 
distillation of w^ood, peat, bituminous coal, etc. 
It gets its name from the Latin par am affinis 
(little akin) because of its indifference to all re- 
agents. It is largely used for making candles and 
also as a waterproofing material for fabrics and 
paper. Other uses are — insulating for electrical 
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work, polishing in laundry work, coating tho 
Htirface of fruitn and vegetabIcH as a preserva- 
tive, etc. One of the main sources of the paraffin 
supply is crude petroleum, which yields largo 
(quantities in its preparation for commercial iis(?. 

OsoKerite, Ozokerite, or mineral wax, is a 
mixture of natural paraffins found in the sand- 
stones of the coal-measiin\s. It is brownisli- 
vellow, and in consistency not unlikes resinous 
wax. In some j>arts it occurs in sufficient 
(quantities to be used for various purposes, 
and also for making into candles. 

LEATHER AND FIBROUS 
MATERIALS 

Leather. Leather consists of tlio hides 
;ukI skims of certain animals, q)repared by 
chemical and 
mechanical 
means in such 
a manner as 
to resist in- 
fluences to 
which in their 
natural con- 
dition they 
are subjccd., 
and also to 
givoth(‘meer- 
lain entirely 
new }>roper- 
ties and fquali- 
1 i('s. Skins in 
an u n p r e - 
pared, moist 
condition are 
readily disin- 
tegrated and 
di'stroycd by 
pulrefact i on, 
and if they 
are dried raw 
they beeomo 
hard, horny 
and intraet- 
ahlo. The aim 
of the leather 

manufac turer is d i r e c t (! d 
principally to overcoming 
the tendency to putrefaction, 
to Securing suppleness in tho 
material, rendering it imper- 
vious to and unalterahk; by^ 
water, and increasing tho 
strength of tho skin and its p(^\^er to r(‘sist 
wear. Leather is made by tbrt't^ proct'sses, 
or with three classes of substanei's. Thus 
we have (1) tanned leather, in wliieh tlui 
hides and skins are combinc<i with tannin or 
tannic acid ; (2) tawed leather, in which skins 
are prepared with mine^ral salts ; (ff) shanunf 
leather, consisting of skins treated with oils 
or faUy substances. 

Tanned Leather. Tho skins of all 
mammalians may bo made into leather, but 
in practice it is only from a few of the larger 
animals, readily obtainable insufficient numWs 
and reared and slaughtered for other objects, 
that commercial supplies are obtained. Of all 


hides and skins used by the tanner by far tlio 
most important and valuable arc those obtained 
from oxen, but of lat^ years horse hides and tho 
skins of the ass, zebra, etc., have l>ecome im- 
portant raw materials of leather, while sheep 
and goat skins are also very extensively used, 

licathcu’ is very larg(*ly used in the manu- 
facture of boots and shoes, portmanteaus and 
hand-bags, machine- belting, harness, hyrlraulic 
cup leatlKws and tire-hose. The whole skin of 
the ox is divided out into parts a(^cording to its 
llii(‘kness and (quality, tlu^ thickest being used 
for shoe soles and lu'avy bidting. 

Tanning. Tho actual pioeess of tanning is 
follows. The hides. al't(T heing pr(*q)ar(Hl, 
exposed in a sej’ies of i)its contain- 
ing oozeti. As 
they are 
moved from 
pit t o p i t 
of the s(‘ries 
the liquid 
t 1 j r o u g h 
Avhieh they 
j) a s s con- 
tains an ever- 
ine r(‘as ing 
stnuigth of 
tannin until 
the hist pit 
is reached, 
•wluMi the 
actual process 
of colouring 
or dyeing is 
c om pie ted. 
Tlui hides are 
next spread 
out horizon- 
tally in piles 
in the hand- 
ling pits and 
h a ndle. d, or 
lifted with a 
tanner s hook 
at intervals, 
the one tak^ri out from 
th(‘ bottom of a pile being 
returned on the top, and 
so on, this oj.)f.'rati()n lasting 
about si.x wtudes. The hides 
arci th(‘n taken to the lay- 
nways and tl)ere exposed to 
the stroiig(‘st tannin for a (^unskh'rahle period; 
tlum the pits ar(‘ elear(?d out, the liquid drained 
oft, and fresh li(|uid brought in, tlio operation 
being repeated three or four times, until the 
tanning is completed, and the hides are con- 
verted into icath(*r. 

Tanning Materials. Tannin, or tannic 
acid, is abundantly found in almost all species 
of the vegetabhi world, but oak bark and 
mimosa bark are the chief sources of its pro- 
duction. 

Oak Bark was formerly almost tho only 
tanning material used by British tamicrs, and 
even now the best quality of heavy goods are 
prepared by this method. Sole leather prepared 
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by th(* )>ark of l])o English oak in vory linn anti 
solid, whil(5 oth('r variotit's of loatbor art* soft, 
as for iiiiStaiKu*, soint* kinds t)f Froiicli leather 
prepared from the hark of tl\e (*verjLn*een oak. 
'Pht^ et)rk oak {Qunrus suhrr), found in the 
South of Europe, possesses, in addition to its 
cork, an iniu*!' bark, very rieb in lannin. 

Mimom hark is obtained from Australasia, 
from a larjj;(‘ numlxT of tr(‘(*s of tb(^ aracia 
hoecies. I^argc* quantities of this bark are im- 
ported into iOnglaiul, and some of it is very 
rich in tannin. 

Other vari(‘tit‘S of liark, produeing tannin, are 
hendoek bark, Seoteli fir, anti lai'eb barks, uillow 
harks, t‘ti;., but these are not extt'iisively used 
by English tanru'rs. 

Tawed Leather. Tawimj is tln^ term 
applied to tlu^ ])rt‘])aration of hvatht'r by the 
action of mint^ral substances, sueli as alum or 
aluminous salts, on hides and skins. Jn fornu*!* 
times, tawing was ust'd for prefiaring heavy 
leatJu'r, as machine-belts, heavy gloves, etc., but 
the system is now almost soU'ly ap])li(‘d to thin 
and light skins, as she(‘p, kids, and goats. A 
large number of white tawed sheepskins are 
used by perfumers as covers for tht* to[)s of 
bott1(‘s, but th<‘ most important use to which 
this syst(‘m is apf)li(‘d an* kid boots, shot's, 
and glovt's, and all kinds of glacc leatlu'r. 

Shamoy Leather. 'Phis method of pn*- 
paring leath<*r is pt'rhaps tlu* oldest syst(*m of 
all. it consists of impregnating hides and skins 
with tish oil, for which rtsison it is Kometim(‘s 
calknl oil leather : while, owing to the e.xtensive 
use of d(‘er skin in this system, the ^mxlnet is 
often known as })nck or doe leath(‘r. The 
original name* shamoy -- seems to have Ikm'ii 
d(*riv(‘d from the nst^ of ehamois skins, wdiih* yet 
another jiame hy wdjieh it is known in donu'stie 
use is wash-leather, duo to tlu* faet that it may 
bo easily washed like a. elotli. 

Artificial Leather. Tnder the nanu* of 
American cloth, large quantities of artitieial 
leather are import (‘d into this country, "I'Iuj most 
common varied ies consist of a ealieo material, 
first covered with a thick paste* to fill ii}) the 
pore.s, and afte’rwards e-oat e*el witli a mixteire e»f 
boile*.d linsee-fl oil, dryers, anel lain])blaek or 
otlu'r colemring mattew. 'Plu* surface is then 
smootlu'el and ee)mpresse*d on the eadieo by 
passing betwe:e‘n metal rejllors, anel tinally eoateel 
with copal varnish to prexlue-e*. the glejssy finish. 
It is e*xfe*risively used for ee)ve]’ing chairs, lining 
tops of writing-tables anel de*sk.s, and many other 
upholsku’v purposes. 

Oil » cloth. Oil -doth, fu- ail floor ’doth, 
consists of a thick canvas beieking that was 
originally painted anel enuameiite'd with the 
brush, but now the de*signs are* a])pliexl by means 
of hand-blocks, or rollers. The thick material 
has largely give*n place to linoleum, but a thinner 
kind is still used for bordering to floor carpets 
and rugs, and for covering staii*-e*arpe‘ts. 

Kamptulicon. Kampltdicon is a variety 
of door-eloth inanufactureHl from a prc})aration 
of i^iarubber thore>ughly mixed with ground 
cork, t mixture beug etiected by passing the 
jilgr^wntfl repeatedly between grooved idlers. 
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The preparation is next rolled out into sheets, 
g(‘nerally over a backing of canvas, by passing 
through stciim -heated rollers. Although india- 
rubber and cork arc? the best substances for its 
manufacture, they are expensive, and cheaper 
things, as sawdust, gutta-percha, ground leather, 
HS]»halte, tar, chnlk, ek?., have bi^cn used. 
Karaptidicon has practically been displaced by 
linoleum. 

Linoleum. Linoleum i.s a variety of floor- 
covering made of a preparation of intimately 
mixed linseed oil and ground cork, spread in a 
layer over a sheet of canvas. The linset^d oil is 
first boiled with lithargt*, as in making ordinary 
boded oil, and m^xt (*xposed to the influonce of 
the air in thin films, so as to bo thoroughly 
oxidised. This is done as follows. Sheets of 
ealieo are. hung up over large open troughs, and 
the oil is allowed to How ev(‘iily over the surfaces 
of these she(*ts, any drip])iugs falling into the 
troughs. For several days this ojicration is 
carried on, until the lilm of oxidised oil is about 
half an inch thick, \\hn\ the sheets are torn to 
pi(*e(*s and pa.ss(*d through crushing rollers, 
which n‘du(*(‘ tlu^ substance to a plastic mass, 
'rids is next ])laeed in a eloS(^ boiler lieatod by 
steam, togetlier with the colouring pigment, and 
after being tborougbly mixed with “stirrers” 
it is run olV and allowed to solidify into largi? 
slabs, which are tb(*n out into blocks about as 
largo as bricks. 'I'be cork used is first broken 
fo pieces, tlu'U pas.sed through a mill, winch 
grinds it to a. powder. The actual o])eration of 
maimfaeture tb(‘n comm(*nees. 'riui blocks of 
oxidis(‘d oil, log(‘tb(*r with the. required amount 
of ground cork, are put into a kind of pug-mill, 
tliorougidy mixed, and next cut into slices by a 
revolving knife. Tlu'so thin s})Cot.s are next 
pa.ssed through a seri(*s of rollers boated by steam, 
to the lust of w hich tlio mixture sticks, and has to 
b(* scra])(*d otf in t he form of a Hue })()wder. This 
is next sjU’cad ev(*iily over tlu^ canvas and passed 
between jnore rolk'rs, which eonsolidatos the 
whole* mass. The only remaining oj7 3ration is a 
coat of paint on the back of the canvas to 
preserver it. 

'Phe best linoleum is inlaid. The patiem runs 
through the whole, thierkrujss instead of being 
])rinted on the surface*, so that the* ]mttom oaimot 
wear off, 1 1 is dry and warm t o the feet, and may 
ne)w bo had in earpe^t patt(*ms. All those varieties 
of floor coverings, liowover, exclude the air from 
the floor boards, and make* theau more suscep- 
tible to dry-re)t. 'J'h(*re i.s, howejvor, little danger, 
unless moist stagnant air reaches the boards 
from their under sidei. 

CorK. Cork is the outer bark of the ever- 
green speei(\s of oak (Querens suher) which 
nourishes in (he South of Europe and North of 
Africa, more espe^eially in Spain and Portugal. 
^'ear after year additional layers arc added to 
the; inside of tbc outer bark until it becomes a 
thick, soft mass, possessing peculiar elastic 
properties which give to cork its value. The 
trees arc fir‘<t stripped when they are about 
20 jears old, lids first yield being called virgin 
cork. It is rough, has a woody texture, and is 
not of much use except for forming rustic work 
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in conservatories and as a tanning substance. 
After tbo first stripping the bark is removed 
every eight or ten years, tJio quality improving 
with each stripping. Cork is used for many 
purposes, as bungs and stoppers for bottles, 
hat linings, artitieial limbs, etc., while, owing 
to its light specific gravity and durability, it is 
jilinost universally used for making various 
life-saving appliances, as belts, jackets, buoys, 
iind parts of lifeboats. Tn a granulated foim 
it is largely used as a non-conducting tilling for 
<M)ld -storage. 

Charcoal. Charctnil is the more or loss 
impure variety of carbon obtained from animal 
:ind vegetable materials by heating to n^dness 
ie. a vessel which is nearly closed, the volatile 
matters Ix^ing thus drivem olT. 

Animal charcoal, also called Utmo-black, is 
made by igniting bones, whi^’h have Imm'H boiled 
to remove fat, in closed v(‘r-sels of eartlumwaro 
or iron. It is usi'd as a fleoolouri.sing and 
filtering agent, and may b(^ r(‘-purili(‘d after use 
l)y treating with acids. Animal charcoal is used 
as a pigment, in tlu^ form of ivory hhiek, and 
also as a manure for sour vegidable soils. \V(hkI 
charcoal is a hard, brittl(‘ siilistaiice, with a 
cliNir ringing sound wlien stru(!k, made from a 
large variety of trees, as oak, ash, birch, Scotch 
lir, elm, Iniech, chestnut, etc. It is used as a 
fuel, particularly in France, as a reducing agent 
ill metallurgy, in tlu^ inanufaeture of filters, 
and in medicinal work. Tlui use of charcoal 
filters for drinking water is now universally 
eondemried, but there are otlu^r eases where 
it furnishes a suitable filtering medium. 

Torgament. Torgament is the name 
given to a jiasty mati'rial, composed of asbestos 
and other silicates, which is used fis a permanent 
floor or wall covering. It sets into a hard, 
jointless surface, })roof against dry-rot and 
damage by lire or water. It can be easily 
washed or cleansed, is very durable, does not 
crack, does not harbour dust, vm-rnin, or bacteria, 
is impervious to rodents, and, from its hygienic 
lulvantages, is coming into us;? for hospitals 
and infirmaries. It may be waxed and polished, 
or left with a non-slip})ing surface, without 
altering its character, "rhe colour may be 
varuHl as desired. 

Stonwood. pxirinj, and the jointless sanitarg 
fl^Htringf made by Messrs. Smith Brothers, are 
very similar to torgament. 

PAPER 

Paper consists of a thin, compact web of 
vegetable fibres artificially prepared and most 
largely used for writing and printing. The 
name is derived from the Papgras plant of 
whose leaves were UM(*d for writing upon 
before the invention of paper. 

Writing and Printing Papers. Writing 
and printing papers of the best quality are made 
from rags, which are first cut into pieces atiout 
the size of thp hand, then separated into linen 
and cotton of different qualities, and each lot 
placed in a separate receptacle, after being 
subjected to the mllow and duster to knock out 
the dust. The rags are next placed in what 


is known as a rag-boiler, which is then half filled 
with water, and a quantity of caustic soda, 
varying with the nature of the rags, is added. 
After boiling for JO or 12 hours they are washed 
with cold water and afterwards picked over to 
separato any imjmrities. 'I’he rags are next 
passed to tlui breaking engine, whi(;h cuts them 
into fragments, and a solution of chloride of 
lime is added for bleaching purposes, aftiT which 
the pulp is run info large stone ehesls, where it 
is allowed to remain until quite white. It is 
then pressed to remove as much as possible of 
the bleaching solution. The bleaitlied pulp is 
next passed to the beating engine, where it is 
wash«‘d to frt‘e it from any remaining solution, 
and then suhj(‘cted to the Inviting operation, 
during which the loading material, such as 
l)earl white or china clay, is added, exiv'pt in 
the case of hand-made paper, when nothing is 
add(‘d. This addition of mineral matter weakens 
the j)ap;‘r to a ciuMairi extent, but it closes up 
the pores, so that it will take a bett4*r finish. 
The next operation is the sizing, consisting of 
a mixture of resin soap lreatt;d vvitli ahiiu, 
which forms a comparatively wattu-proof 
covering. If the paper is to ho tinti'd, it is 
generally accomplished by the use of aniline 
colours, and all coloured j)ap(‘i’8 are produeivl 
by the use of various pigments. 

Hand^made Paper. Hand-made. ])apert 
so far as the manufacture of the pulp is con- 
cerned, is done in th(' saint' w'ay as writing and 
printing jiaper just dt'serihod. The wet pulp 
is then spread evenly over a mould of tine 
w’ireelolh, through w^hieli th(‘ moisture drains, 
leaving the dry piilj). d’his is then turned over 
on to a sheet of ft'lt, and the opt'ration rt'peated 
until tlie retjuired number t>f layt'rs of pulp 
between felt sliec'ts arc ohtaint'd. They are then 
placed in a pile and taken to a prt'ss, uliieli 
presses out the grt'ater part of the remaining 
water, heaving the paper suiticiently dry to ho 
handlt'd. The shet'ts are then parted and ivieh 
separatt'ly re-prt'ssed, after which they are 
hung up in spurs of three or five sluets to dry. 
The spurs an^ next passed through a trough 
containing the sizing material, w hich is a strong 
solution of gelatin, and sent hidwetm rollers on 
an endless band of felt to take olf the sujM'r- 
fluous size, and the sheets are tluai carefully 
parted, to prevent, sticking, and again drital. 
They arc then packi'd and glazed between 
plates, and afterwards sorted ami linishod in 
the same way as other paper, only with morf3 
care. 

Blotting Paper. Hlotting p'lper is a 
coarse, unsized paper of a sjiongy character, 
used for absorbing the sujM'rtluous ink from 
fre.ddy written pa|xw lithograph and multi- 
plex copying papt'vs and many printing papers 
are more or less of the same character, as they 
then take printing ink better, which is not 
liable to run as writing ink wvndd do. 

Esparto Paper. Although all the lietter 
qualities of pa|r)or arc made from rags, the 
demand for material is so large that other 
sources of supply have to be tapped for the 
cheaper qualities of paper, and perhaps the 
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among these is esparto. The grass is 
lirst sortecl and then hoih'd in ttio same way 
as rags, hut with a more liberal proportion of 
eaiistie soda. The rest of the opi*ratinn of 
maniifactun! diOVrs vcay little from tliat of 
rags, more lileaeliing solution heirjg rerpiirc'd, 
and the resulting ])a])(‘r is of a more bulky 
nature, admirably suited for ])rinting ])urposes. 

Straw Paper. A large ({uantity of straw 
is used in England and America for ])a])er- 
Ijaaking, but it is usually mixed with eitlier 
rags or (‘Sj)arto, as it is too brittle to us<^ 
alon(‘. It is lirst dusted, then in many eases 
cut into chatf, and boik‘d under high pu’essure 
with caustic soda, aft(‘r which it is washed and 
bleached in the usual inaniUT. 

Wood Paper. Wood is another material 
that is largely used in the manufacture of 
|)a])(‘r. The woorl selected is generally po])lar 
or white pine. 'This is cut into slabs, which, 
by one jn’ocess, an' ])rcssed against a mi li- 
st om^ running at high sjMM'd, tln^ tibr<*s as 
th(\y are separated Ix'ing tak(‘n away, sorf('d 
according to lirieness, aiifl ])ressed into pulp or 
half stuff, which is sometiim's made into paper 
aloru*, but it is more ofttai \iscd as an admixture 
for making inferior ])aper. d'here an‘ also other 
ways of pr(‘j)aring the wood in a cliemical 
manmu*. 'Phe wood is also pr(‘par(‘d by Ixang 
fed agaifist revolving steel cutters, wliich reduee 
it to small chips [’(‘ady for jnac(‘ralion into 
imlp. 

Brown Paper. lirown papo' is tin* gcaua-al 
name a])plied to \vrap|.)ing pap('rs of all (pia!iti(‘s 
and mal(‘rials that arc* of a brown colour. The 
coarser varieties an* made fi’om old ropt* or 
unbleached manila and used for all kinds of 
wrapping purposes. Wlu'ii paint (‘d over with 
hoik'd linseed oil it inak(‘s a us(‘f»d jiaeking 
})ap('r for iiiaeliiiierv. 

Wallpaper. Wallpaper is the mural 
decoration most generally us(h 1 at the present 
time, and taki'S tlu^ |)lact‘ of tlu^ more costly 
U'xtik* hangings of earlier times. Wallpaper 
dates back to the sixteenth century, but it did 
not eo?n(^ into gem'ial use until tlu' eighteenth 
century, wliik' of late y«'ars 'well-known d('- 
signers have devoted their sole attention to the 
»ubj('et, with tlu' residl that many splemlid 
varieties are now pnxluec'd. 

The best wallpapt'is are printed by liand 
from W(x)d(‘n bkx'ks u]x)n which tlie pattern is 
cut, the outlines Ix'ing formed of brass or copper 
strips s('t ('dgi'ways in the wood, recpiiring a 
separate block foi' each colour. 

'Phe eh('ap(‘r kinds of w'all])aper are prodma'd 
by niaehinery, the pattern Ix'ing printed from 
rollers. The machine-made papers wall scarcely 
bare eomparison with hand-made papers, either 
for quality of tint or finish. 

Stencilling. SteurilUuj is another, and, 
if not too elaborate, still cheaper method of 
decorating the plastered surfaces of wadis and 
ceilings. The pattern is out out of thin sheets of 
zinc or Bristol hoard, and so arrang(*d that all 
the parts are lield in position by small })icces 
call^ “ ties.” which are left in for the purpose. 
In thC stencil the parts which are to appear in 
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colour on the prepared surface arc holes, while 
the parts to he left untouched on the surface 
are filled in solid on the stencil plate. 

FIBRES IN GENERAL USE 

For a full description of these materials 
reference must he made to the section on 
Textiles. 

Hemp. Hemp, as knowm to commerce, 
is a tough, strong fibre obtained from the rind 
or skin of the heni]) plant — by rotting the stalks 
under moisture — and afterwards })repared in 
various ways for us(^ in manufacture It is 
extensively used for weaving into coarse fabrics 
such as sjiilelotli, and also for twisting into 
cahk's and r()[)es. The plant is a native of 
(Vntral and Western Asia, and is largely culti- 
vated in India, hut it has also been introduced 
into pai ts of Africa and Brazil, and is extensively 
cultivated in many other countries. 

Jute. Jute is the ])rodact of various ])lants 
of the Corchorus family, hut the jute fibre of 
commerce is only ])rodue(‘d by the tw^o species, 
(\ rapsufaris and (\ olitoriu.^., both of which 
are natives of Bengal. The fibre of the plant, 
which is glos.sy and eapalde of such fine division 
as to mix with silk, is ohiainod by maceratirm 
from the iiuu'r l)ark. It is largely used in Bengal 
tor th(‘ manufaetun^ of gunny bags, and is also 
used for making inferior ropes, but as it will not 
stand tb(‘ moisture, jute ro])(‘s are not of mncli 
use. d'he l■(‘fus(‘ of jtite may be made into a 
good quality ])fipcr. 

Coco»nut Fibre. Coco-nui fibre, or co?V, 
is the nanu' given to the substanee of the fibrous 
husk, or rind, surrounding the bard shells which 
(‘tu'lose thi' eoeo-nuts, or fruit of the coco -nut 
palm. 'Fhe coir or fibre is manufactured 
into matting, bags, brushes, etc." 'i’lie refuse 
is used by horticulturists to cover the soil in 
carpet be<lding. to protect bulbs from slugs, 
to pack Ix'tweeii pots of cuttings, and for other 
purposes. 

Rope. ]{o}ir is tcehnically the name given 
to a corfi over 1 inch in cireu inference, bnt the 
name is commonly a])plied to any thick cord. 
Smalk'r ropes are called lines. Hopes may be 
divided into two kinds : (1 ) Those imulo of hemp, 
manila, llax, cotton, and other fibre; and (2) 
tho.se of iron, stei'l or other wire. Ordinary 
ropes are usually of hemp, and are composed of 
a number of threads or yarns, first spun into 
strands wlfioh are afterwards twdsted or laid 
right-handed togidher to form the finished 
rope. Each rope has a dilTereiit name, according 
to the number of strands it contains. 

Flax. Flax, or lint, is the name employed 
to denote both the so-called fibre and the plant 
from whicli it is produced. The flax is really 
the remaining fibres of the stems of the plant 
after the supcrlluous matter has been removed 
by either ont? of the methods known as water- 
retting or rotting, and dew-retting, of which the 
former is the more widely used. The fibres, 
when prodiKT^d, are used in the manufacture of 
linen cloth and thread, cambric, lace, etc. 

Canvas. Canms is a heavy woven cloth 
of hemp or flax fibres, used for any purpose 
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\vhcr(^ great strength is reqnireit sucli, for 
instance, as sailcloth ; and so ('xtcnsively has 
it been used for this purpose that the term 
canvas in now often employed in speaking of 
tlie sails of shi])s. Originally, canvas was 
made from hemp, and tlie name is a corruption 
of (JannahiSf which is the scientific! name for the 
hemp plant ; but the canvas made from linen 
or other fabricjs is now' generally jireferred. 
Other purposes to which it. is put are grounds 
for oil paintings, bax*king for linoleum, cUc. 

Cotton. C ^oWm is a w hite fibrous substance, 
the product of the cotton plants, (Jnsstfpium 
harbndmse, or sea-island cotton, yielding line, 
long staple or pile ; the (!. herhart nm, yielding 
the short staphs or upland cotton of America ; 
l)csi(l(! many olhia* vaiiiU i(‘s. Ihit of Iluau all. 
the first miaitioned is by far the* most important 
in commerce*, owing to tlu! length of its fibres. 

Cotton is used as the most widely adopted 
clothing material for the human race*, in the 
manufacture of thread, and in surgery as a 
dressing for burns, (*tc. ; Avhih*, Avhen cotton is 
aeti'd upon by nitjie acid, it yi(*l(ls the powerful 
explosive known as guncotton. 

C()tt(m-W()(d is a raw cotton or cotton 
fibre eiflua' on tlu! boll or })i(‘pared for use. 

It is th(! well-known llulTy material used for 
many purposes. For surgical use, it is treated 
with an antiseptic and Known as nicdirafed 
wool. 

Wool. Wool is a soft, curly hair which 
forms the coat of slux*]) and some other animals, 
as the Al])aea and Angora goat. 'Plu! wool or 
lleecc of sheep forms by far the most important 
(tlothing material in all cool climates, and it may 
be taken as the finest variety of tlu^ substance, 
as the coats of some animals run by almost 
imperceptible degreei^s from wool to hair. 
When shorn, w^ool is divided into two elass(‘s — 
Img, or cmnlmig xrool, and ahort^ or carding ivnol 
w'hich latter seldom exceeds .‘1 in. or 4 in. 
long and prodmtes the iuier varieties, while 
the long staple makers the coarser kinds. 
The wools, carding and cfonhing, obtain their 
names from the maruier in which they arc 
worked — ilu! former being worked on a carding 
machine, while the latter is prepared for spinning 
by combing. 

Cloth. Cloth is a fabric formed by A\ea ving 
threads of cotton, hemp, flax, or other veg(*table 
fibre, or a texture of hair or wool. It is used 
tor making clothing, and coverings of all kinds, 
as well as for many puiqiose.s too nunu‘rous to 
mention here. 

Felt. Felt is an unwoven fabiie of short 
hair, W’ool, or fur, the fibres b(*ing matted 
together by a kind of mutual adhesion. The 
hairs wdiich (jontain the best felting prop<*rt i<'s 
are mohair, alpaca, eaim*! hair, heaver hair, 
and rabbit hair, the last mentioned espeeially 
.supplying the finer felts used for hat -making. 

Lining felt as used in building, is a 
coarse felt placed betw'een two layers of boards 
or on the inner surface of walls as a non- 
conductor of heat and also to deaden sou ncl. 

A similar fabric, ma<le of aslx^stos and hair, 
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sometimes niix(5d wuth a lime eeimml, is used 
as a non-conduct ing eovc'ving for boilers and 
steam pi]3es, and there are many othiir varit*ti(*s 
of coverings for the ])urpos(‘ bn.sed upon the 
same gen(‘rad prim iplcs. 

R-OOfing Felt. Ronfing fell is a, some- 
what similar m.iterial to lining felt, used for 
covering roofs. It, is not a triu* felt, hut a 
mixture of hair or othi‘r .iniuial lihro com 
pounded with a tar prt‘paration, and rolled int<i 
sheets, which are nail(*d in tin; r(‘(|uir(!d positioa, 
and, if not otherwise eoveri'd, tlu^y are tlum 
coated with tar and samli'd to hold tlu^ tar 
wh(‘ii ex])osed to the sun’s rays. 

Rnhcnnd is a rooling fell, saturated an I 
eoah‘(l with a ])alent compound whi(‘li is said to 
be non-oxidising, water-, acid-, alkali-, and 
w'eathi“r-])roof. Its foundation is wool udt, 
and although it looks Wkc millboard covered 
with rubber, having a smootli or slightly ribbed 
surfae(‘, the* makers stall! that no papi'r is usi^d 
in th(! manii fact lire, and that, it eoulains no 
tar, pitch, ruhlH*)-. asphalte, or oIIkm- shoit- 
lived ingri'dients. It is u.sed as a sarking felt, 
an (!xt(“rnal loof eov(‘ring. and as a damp-proof 
course in walls. 

Impregnated Foundation Felt. This is 
anoth(‘i' wool fidt material, pr(‘par(*d in various 
thiekuessi's, for insei-tion under machinery 
foundaliims to prevent vibration and <l(*a(I(‘u 
souii 1. and may he usi'd iindi'r lloors as a non- 
eonduetor. It is i.hiral)lc, resilient. weath(*r- 
proof, and fire-r(*sisting. 

SUNDRY MATERIALS 

Dextrine. Dextrine, also ealhsl si arch 
gum, and gommeline, is a white gummy suh- 
stanee of the sami! I'omjiosit ion as starch, ll 
is largely used in the arls and medicinal work 
as a substitute for gum arahie. 

Alabaster. Alabaster is a miiuu’al, not 
unlike marble, of a lolour varying through shades 
of red. yellow' and grey ; hut the most valuable 
varieties are pure white, as, for example, that 
found in Italy, near Florenei*. d'hen* are two 
distinct kinds of alabaster — (I) the gyiiscous or 
granular variety, or sulphate of lime ; and (2) 
ih(! calcareous variety, or carbonate of ealeium, 
which was the alabaster iisial in aiieii^nt timi's. 
Alabaster, being soft, c-an be tuini'd with a. 
lathe or ear vial with a knife, and is largely 
used for making vases, statuettes, and other 
small works of art. 

Blue»John. This is the local name givi'ii in 
Derhysliire to a. blue vari(*ty of lluorspar. 
'Pile n.inm was first applied by tlu* rnini’is who 
discovered it, in order to distinguish it from 
the ore of zinc, know n as Rlnck Jar/:. 

BluesBilly. Tliis is the name applied to the 
residuum of pyritis after the manufacture of 
sulphuric acid or sulphur has lH‘i'n carried out. 
It i.s largely used for rejiairing puddling fiumues 
in .some parts of tlu* country. This name is also 
given to the ijuiekliine removed from gas 
purifiers. 

Continued 
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BUILDING 

SCAFFOLDING. STAGING AND GANTRIES 

8 

The Various Systems Employed for Different Purposes, External 

ConUti»iL-<l fi'jin 

iMlgV '.CJO 

' and Internal Platforms. Piling and Strutting. Derrick Stagings 


By Professor R. ELSEY SMITH and W. HORNER 


SCAFFOLDING 

♦Before any biiildiin^ J i as l)e{‘ri raised far above 
the ground levc'l, I la* work will be out of r('a,cli 
of a man standing on the ground, who cannot 
do satisfactory work at a level of nioiv Iban 
6 ft, at- the outside abov(^ the ground upon 
which he stands. Platforms must be en'et(‘d 
at sueeessivi^ hoigbts as the building gicrws, 
that W'ork may b(‘ car ried on and material for 
immediate use may be stoi'ed. The ternb 
scaffold is ayrplied to such platforms and the 
framework ari-anged to ear r-y them. 

A Bricklayers’ Scaffold. A bricklayers’ 
scaffold [62 1 consists in this eoiintry of a 
temporary franu'work of ciieidar fir poh^s of 
various sizes ami lengths, wliielr an* lashed 
togetlier wdth (u>rds of Jrejiip or of galvanised 
iron wire. This lasliing is trunied Ij/inj. Tire 
average size of a jrole may Ire taken to be about 
5 in. in diameter, with a lengtii of 30 ft. 
The frame of tlie scalfold is formed with 
a scries of vcirtioal posts, tiTnu'd standards. 
Thestr are plaei'd about 8 ft. apart, and at a 
distance of 4 to 5 ft. from llu^ fa(;e of the 
wall. The foot of each standard is, if eircum- 
stauces permit, imbedded for about 2 ft. in 
the ground ; but if it is to stand on a pavenumt, 
as in a stre(*t, it may be placed in a large tub 
filled with earlli, or, Avheu in position, may be 
Burroimded wutli a mass of concrete, the object 
in either ease being to keep the foot from 
shifting. 

For seaffolds of moderate Jieiglit each standard 
consists of a singkr pole, and may be extended 
upw’ards by lashing anotJu r polo to it. Where 
a lofty seailold is to be erected, tlu^ standards 
may be formed througliout of Uvo poles of 
uneeyual length lashed side by side, so that, 
when extended upAvards, the poU's will be 
jointe^d at dilftTciit levels, thus breaking tlio 
position of the joints and rendering the Avork 
stiiTer. Thej lashing of tAvo such polos togedher 
is teim el imirripiKj. 

Similar lir pok'S eire* i>laeed horizontally 
aga.'nst the standards unel are se/eurely lashed 
to them. These are h*rmed Irdtjcrs. They are^ 
placed at intervals of r> ft. — Avhich distance 
is termed a scaffold he'ight— right up te> the 
highest level nen-essary for the buileling. To 
stiffen the structure thus formed, e^speeially in 
exposed sites, poles are placeel diagonally from 
the base of the scaffold to the lop, and are 
lashed to both standards and ledgers to j^revent 
any racking of the scaffold. 

Erecting the Scaffold. In this way a 
lights Ktff^g frame i^‘ constructed parallel 
with th lace oi the Avail to 1^ built. It is not 
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eompleti'd before tlu; AVork starts, but groAVS 
Avith it, th(‘- height of standards being increas(3d 
and additional l<‘dg(*rs added as required. 

The lashing of the framework is Ciimed out 
by means of scaffold cords (Avhieh are 8 ft. 
lengths of manilla rope Avhipped at botii ends) 
tAvisted several times round the tw'O poles to be 
united, wh(‘ther tluy are at right angles or side 
by side. The seaffolder’s principal tool consists 
of a special hammer Avith a spur proj(‘eting from 
it. In tying, the cord may be twisted round 
the. liandle. the liead y)laeed against the pole as 
a fuleruin. so as to draAv the cord tight. Tiie 
cords art' fasttiied off by threading the ends 
under two or three tuiais. The hammiT is also 
used for forcing the cord into position. Wiien 
the lashing is com])h‘t(‘d, pointed Avedges 
having urn* side Hal and tlu*. other round an^ 
inst'rted between tlu^ jiole and the cord, and 
driven in to tighten U|) the joint- further and 
left in position. SueJi cords are liable to 
shrink in Avt't weather and to stretch again in 
hot, dry Avtaiiher, and under such conditions 
the scalfold must be examined and the Avedges 
lightened up. 

'rh(‘ wire eords are not liable to be affected 
by weatlu'r in this Avay, and can, in most cases, 
be ti(‘d sutliciently tightly without employing 
wcdg(‘S. ’ ' 

Platforms. The platforms are formed as 
folloAvs : The brickAvork having been carried 
uj) to the level of the top of the fresh ledger, 
small square limbers, termed piUlotjSf usually 
split out of binHi, about 3 in. square and 5 ft. 
long, are laid about 4 ft. apart, one end resting 
for about 4 in. on the brick wall and the other 
end on the ledger, and some of them, at least, 
are secured to the ledger. 

On these timbers scaffold boards are laid side 
by side ; these are usually about 12 ft. long, 
9 in. wide, and 1 J in. thick. The square corners 
are splayed, and the ends are protected with a 
strip of hoop -iron nailed to the board, which 
prevents them from splitting. To form working 
platforms theses are laid side by side across tlxe 
putlogs and the full width from the wall to 
the Ictlger, and the ends are butted one against 
the otlu^r. At such joints two putlogs are 
placed close together, each supporting tho endfl 
of one set of boards. Boards sometimes have 
the ends lapped, but this js not so good a method, 
and in no case should the end of any board be 
left without a support under it, or it may tip 
up if stepped upon and cause an accident. 
Along the outer edge vertical guard boards, to 
prevent materials falling off. are fixed, and at a 
height of 3 ft. 6 in. a rail is fixed for the pro- 
tection of the workmen. 
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Runs. Runs may also ho formed from ono 
part of a scalTolcl to another, and should not he 
less than 18 in. wide. Thesci are formed of two 
boards (or more) laid side hy side, and lliey 
should bo joined log(‘ther hy strips of wood 
nailed at intervals on tlu^ unch^rsidt'. 

The lowest platform of all is left ])ermaiiently 
in position, and, if next a street, must have a 
oouldo layer of hoarding to j)r(‘vent dust and 
rubbish from falling through. The otluu* stages 
arc removed suco(‘ssively as tho work [)roeeeds, 
and arc rc-erect(‘d at a higlier lev(‘l. 

The foreman must see that the scaffobhu- 
prepares each stage in advance of the biiek- 
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layers' re(piirem( nts. so tliat lluav may be no 
d(*la.y. As tin* wall is built up from any stage, 
a half-brick is omitted, svlu'n' the putlog I’ests on 
the wall. This is kmmn as a putlo'j fio/c, and is 
tilled in la-ter as tlu' s(‘alT()l(l is taken down. 
If the iK‘i)itut(f [see Mkuuvla y FOR] of tin* wall is 
l(‘ft to the tinish, the stages must tenijtorarily 
reinstated to exeeute tliis work, and the putlog 
hol(‘s are tilled at the same time. 

Internal Scaffold. The frame* d(\scribed 
is as-iunied to be ])lae(“(| on the outer side 
of the wall, but a similar frame and jjlatforrfts 
must in manyea'^es lu* eri^etedon the inru'i* side, 
oth(‘r\\ise the* brieklayias would have to work 
on the inn'^'i* face in'^rhaud — that 
is, by leaning over tin* wall to 
se‘t till* inn«‘i- bii(*ks. ami sneh 
work is fiot capable' of a tinish 
eepial te) that e'xeeuted in the 
ordinary manner. The inside 
seallold is e)ften slighter and less 
complete, and advantage* may be* 
take'H e>f e*re).ss walls te) support the* 
l(‘dge‘rs. 

Cross Bracing. Inadditie)n 
to the^ braeing alrc'ady deseribod 
in the plane* of tlu* framework, it 
is (lesiiMble* where V(‘r iime’r and 
out (‘I* frame's are* em[)]oy('(l to tie 
tlie-m together. 

This may be clone* where door 
and window o])(‘nings oe*cur, and 
eontributt's to the* rigidity of the* 
seatfedd, and ])artieulurly in cx- 
pose.‘(l situations helps to rc'sist 
the* aetion e)f the* wind, which often 
te‘nels to fe)ree* the' whole* seafTolel 
e)nl of the pe'rpe'ndii'ular. ()ne)]>en 
sit(*s polt's may he* I'rected in tin* 
form of raking struts to stc'ady 
the outer sealfold wlu*n it cannot 
h(^ lied to the* inne'r e)iu*. 

A Masons* Scaffold [63J. 
\ masons’ seafTolel resembles a 
hri(*klayers’ seafTolel, hut when a 
wall is built of large* stones, 
lh(*re are no le)nge‘r the faeilitic*^ 
ahordc'd by hric-kwenk, e)f forming 
jmtlog hole's te) take* the* inner 
ends of the ])Ullogs, and Uvo 
frames an* recpiired, onc^ usually 
about r> ft. from the wall and 
tile iniie*!' one about h in. only 
from it. 

The materials to he dealt with 
are e)ften mueh heavier* than in 
the ease of hriekw'ork, and the 
standards may be ])lae’ed neare*r 
toge.*the*r and brae*('d more rigielly 
to provide adeepiatc^ sup])Ort, 
and they must he sex ured so that 
there is no risk that they will 
lean aw'ay from the faeci of the 
wall. 

The illustration 162] shows a 
sealfold suitable for the erection 
of a small building of considerable 
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height, such as a dotaclied sanitar 3 / tower of a 
hospital. 

Ladders. Arcc'ss to various parts of the 
scafTold is provided by laddt'rs. Tlieyan* ninde 
of various b^ngths, and are d(‘scril)ed by Ibe 
mimbcT of rungs they ]m)ssoss. Very long ladders 
arc often 

used for — -fr--— ^ T’ 

!• o p a i r - - 

ing and " 

ineonnee* 

tion with y y IJ :j IJ 

se. affold - 

ing, laddeis of moderate Itaigth are used. Where 
a great height has to b(‘ reached, several ladders 
are (‘inployed, Jind a platform is ])rovided on 
which toland from each ladore climbing thenext. 
The foot and liead of eaeli ladder must be firmly 

lashed or otlunwise secured, ^ 

and a strut is ju'ovided from Y 'f 

the scaffold about I Ik; centre T “ T T ”T 

of the ladder to ))n‘vent 1... ^ 

ose illation. | || 

Hoisting Material. ^ J _ 

Materials are ofliai carried ' 

up by labourers in bods or — 'I , ^ 

basket For largca* build- ] ' I • 

ings, tile beiglit of whicli is [ - i ■ 

not great, a kind of well- 

bole or run is provided at 

.^ome convenient S[)ot, and 

lined with se.alTold boards 

placed vi‘rtieally to enclose ^ ^ ^ I 

it on two or three sides. 

jMaUu'ials are lioisted in 


hihI where old buildings are being pulled 
down, wooden fans are aften formed for the 
protection of the public [64]. 'I'hey are con- 
structed in the manner just indicated ; bearers 
are passed through the available winriow 
openings but are not placed horizontally as for 

_ a scaffold, 

' , ._.o 'tfir ' fl -'-npir-' but in- 

/X ^ dined up- 

/X \\ ^ ^ ^ ’ 

^ ^ and the 

67 - - K inner ends 

I are se- 

I e u r e 1 y 

fixed, d'he 

outer ends are covered with boards or cross 
iM'arers, and are ])l:ie.ed, if reipiired, to rccreive 
the dose boarding. Various forms of patent 
standards for scaffolding and (;x tending scaffolds 
are to be hired or purchased, and are useful 
_ for s[)eeial forms of work, 

IP ^ "'sjJT" |)iit the ordinary scaffold as 

IF ir~T^T described remains in 

I J I gen(‘ral use. 

l| ' ! ^ Sling Scaffolds. Sling 

I I i I sealfokls, or boats, an; used 

AW V - y (;sp(“cially for painters work. 

jI/ _ ^ Vl They rtuphro a strong pro- 

IT I jeeting b(?am lixcnl above 

~f^ jr thi' li;vi'l at wbieh work is 

J t'xeouted. From this 

a small stage or platform, 
^ protecteil by rails and large 

(‘nough for one or tw'o 
68 worknum, is suspended by 

cords and pulleys, and can 
be raisetl and lowered at 


barrows or baskets by means of a pulley and will. The cords and tackle used for hoisting sudi 

windlass workeil by Juiiid or ]jy a small engine. boats must bi* thoroughly examined periodically 

For large w orks one or more derrick cranes are to see that they arc in a perfectly sound condition. 

u.sed, and by their nu'ans materials (uin be STAGINGS AND GANTRIES 
hoisted from carts and de})osited directly at any The bricklayt;rs’ scaffolding rmule of poles 
desired spot. Small materials such as )?jr“ an. 1 l(;dgers, las) led together with ropes, 

bricks, are packed ill crates and hoisted suppoi l ing putlogs and planks, 

ill bulk. Larg(; stones, timbers, iron- ’TT' ^ liavi; but a limited service in 
work, etc., are dealt with separately, _ % engineers' work, which is generally of 

and great care must be taken to s(;e that Ts J . ^ exacting an 1 varied a character 

they jg'c properly secured before they that something nm(;h more substantial 

are lifted. l required. The stagings of the 

In executing rej»airs, a scaffold may tX ^ <^ii;^ineer arti used for the erection of 

sometimes be erected round the upper J ill girder bridges, viaducts, steel roofs, 

part of a building without being built T piers, and allied work, taking the 

up from the ground. In the case of a “J pla(;o of the cenfring of the bridges 

tower, for example (65], strong beams j s tom; an. 1 brickwork. The scaffold- 

may be passed througli any siiitabh; (TTf iog of the engim^er has to carry massive 

opening, extending from side to side of 11 3 girdi;rs of steel, and often besides 

the tower so that tin; load on the two tackle for hoisting the 

ends will counterbalance and form same. Thcsi; “ temporary works,” as 

a base on whieh a scaffold may be j[ ]| P they are called, are often constructed 

constructed. The outer ends of these ' ~ q{ steel, but with these we are not 

timbers may often be strutted from a ooneerned. They are of rather a costly 

jirojecting string course at a lower level. Wliere character, even though built of timber, because 

the beam cannot or is not rtupiired to pass of the large quantity required and the labour 

right through the building, the inner end must engaged in their (lonstruction. 
be secured against any tendency to tilt up by Gantries. There is also a type of staging 
being strutted against an upper floor. better known under the term gantries, the func- 

Protecting F ans. Where such work has tions of which may bo identical with, or different 

to be ei adjoini ig a public thoroughfare, from, the foregoing. Gantries are ^ilt for the 
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oroction of work simply, or th(‘y arc striirt iirc's 
for carrying travelling cranes, or <‘r(*cling 
lowers, or skips, etc. The ditferenco in the two 
is rather in function than in ess(‘ntial form or 
design. In the case of many archileet ural 
works of a large and substantial (‘haracter, 
(\sp('cially when masonry is nmeh used, various 
forms of gantries, including derrick platforms, 
aro very generally (un])loyed. 

Trestles. Allied to these, again, are the 
trestles, or clusters of braced standards usi'd for 
eanying horizontal staging, tlu^ tiinlau* staging 
for (h*rri<*k cranes, the towers for aerial roju^ways. 
all having this in common, Ihe cross br.Mcing 
of vertical mtunbcM’s otherwise lial)lc to bend and 
yield und«‘r loads. 

Stagings, again, may b(^ broadly dividt'd in two 
groups “the fix(*d and th(^ portable, 'riie hrst 
is th(^ more common, tlu; second being ii.sed 
chiedy for the erc'ction of bi‘idges over deep 
streams into whicli ])il(*s cannot be. drivam. It. is 
.also employjul in (‘nading gashoidiu s. 

Methods of Union. One f(*atur(^ Avliieb all 
these slnie- 

tures have . _ -- _ _ ^ _ 

in c-ommon 

is the me- f / \ ■; / \ T 

itio<i of yiy X')/ \y \\ 

onion of llio M j;[ » 

timbers. As | i m ^ \ 

llieso eon- I ! 72 |‘ 

s i a t o f , ) 

balks, ' |: 

mostly with ; I 

Homo half 
timbers and '■ 
plank deck- 
ing, the fine work of the joiiKU' is out of the 
question. 'Tlu^ stub ttmon and tlu^ joggh* pn*- 
dominate, and the real 
[Vn;., ag('nts of nniou are chiefly 

bolts, dogs, and spikes. The 
tenons and joggles ])rev('iit 
slipping of the timbers over 
one another, but 
their security 
(k’])cn(ls on the 
bolt and other 
fastenings em- 
ployed. 

Bracing 
and Struts. 
Allot luu' essen- 
t i M I ebarae- 
toristie is that 
bracings and 
struts n t e r 
largely into con- 
struction. d'b(» 
tall c r a n d 
longer the struc- 
tures tlu* more 
importance, do 
these n.s.s lime. It 
. is a familiar fact 
that one dia- 
' .. -- - gonal brace will 

71 prevent a rect- 



a n g ii la i* i.: - 

frame from t ¥ ft 

“going cross- h A \\ 

corncre.d” — J - l i 

i n (. t h 0 r JX I | if \ 

words, assn- ^ // u I \ 

111 i n g t h c J. ^ L. J. ‘ .. „„.L 

form of a ] ' Y If 

rhomhus. / |/ I l| \ 

I — -h 
VX .r/'rmxxi ] r:>,i 

f ‘ rz7iir~7ii' irr.n 

of I ) r a c 1 n «is — 7* — iprr — — 7 "tt ■ ■ ' 'T 

and strip- ^ '"d. 

tings. hut Xv ~nnT 

another of ,/ j ■ j ' \ 

(M,ual im- / I ! \ 

portanee i.s ' ^ ^ ^ ^ 

that hraeiiig 

puts the tall standards into tlu‘ condition of 
short columns. This mt‘ans that, tlu^ tall 
sticks of tiinbiM’, ev(Mi though, say, 12 in. sipian^, 

are very 
- - X weak, and 

h ~ ^ would b(‘nd 

f !;| ami yi(dd 

\ A if unbraced, 

//,' A l)ut Avhen 

A several of 

I \ ‘ f ' A t h i‘ s i' a r e 

// ■ \\ connect- 

I I \ ed w’iih 

I i, A diagonal 

^ _ ii ... bracings the 

. s t r e n g t h 
' I) e o m e s 

that of short columns of large ar(*a of 
base. 

Fixed Stagings. Fixed stagings on land 
are built on s-juared timlx'rs (balks) sunk into 
boh’S dug several feel deep in llie ground, 
and loaded round with large stoiu's. The ends 
are well tarred Mrs* . Similar stagings in streams 
or on dock sides. i>r on bre.-ikw ater and piiu’ work, 
are built on sijuared piN's |66and 67| shod with 
steid and driven into thii soil. The real work 
lies here, since the: dillieulties are greater than 
with siqxM’struetural ])orti()ns. (Tood piling 
is a tirm foundation on which to build. 

Piling. Pih\s an* r(*ndered capable of 
sujiporting a superincumbent load either by 
their reaching linn ground, or, wlien no sucli 
ground exis’s, by the fi ietioii of their .side.s against 
thi^ soil. .Much diHeiimee of opinion exists in 
regard to each of th(‘se, hut when an ordinary 
nionk(*v. lei fall from its full height, fails to 
mov(‘ ;i pile more than J in. or j in., it is con- 
sidered that the jiile has found a linn bottom. 

'Pile spacing of the piles is settled by the 
load upon them. .About l.OOt) lb. per square 
imdi of head is a safe load. 

Stability is often studied by driving piles in 
diagonal directions instead of perpendicularly, 
imitating the batter of walls, and thus increasing 
the width of the base considerably. This can 
only be done in one direction as a rule, tlu' 
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cxet'plion Ix'ijii; a stnu tiiri' w illi a base uf acjuarc 
tu* oblong foi'iJi. 

Ifc is not sutlk-k'ut to drive ])ilos firmly ; fboy 
must bo tied togollior in suirui uay so as to enable 
them to ^viUl8taud tho rolling or rocking loads 
to which they will be subject, riles are often 
tied together by straining chains with a tighten- 
ing screw. Tho chains arc^ attaelo'd to the pih*s 
which form tho four eorjiers of an enclosed 
rocUinglo, and are screwed up taut. Sometimes 
tho fastening down of the cross limbers and 
decking arc suflieient, but more often, especially 
in deep j)iling, the timbe^rs have to be strutted 
[67 — 71] or eomuHded with diagonal bolts crossing 
tMich other. Jt is not usual to plaee much 
r<^liance on bolt fastenings or on the end contact 
of limbers for stability, but to trust i!iore to tho 
judicious crossing ana strutting, which prevent 
initial movements. 

The uprights or standards of stagings erected 
on land [71—73] have the? same functions 
as piles driven under water, and the remarks 
just made r(‘spccling tying them together and 
stiffening with struts or crossing bolts apply 
whether the stagings an^ fixed or mounted on 
wheels. 

Strutting. The strutting of main timbers 
wlien done properly renders movement in any 
direction in the plane of the struts impossible. 
The strutting is made double, equal, and in 
opposite directions, for this purpose ; tlu* 
stress tending to move the structure as on a 
pivot to right hand or left is met by its strut or 
set of struts. The struts must, therefore, be 
provided with some suitable resistance. Here 
it should bo obvious that no mere tenoned joint 
would hold tbe members firmly. Though stub 
tenons axe sometipacs used to prevent slipping 
Bide way % tliey are m :er relied on alone, but 
Btrainin:^ joggles, or abutment pieces, as 

im • ' 


they are variously 
termed [67, 68, 72, and 
73], are employed. 
They may be long 
pieces bolted or spiked 
to the main timbers, 
01 short chocks only, 
similarly fastened as 
si I own in 72 and 73. 
These take the stresses 
on the struts, but the 
latter must be also 
l^olled or dogged 
s('curcly to the main 
timbers, the bolts 
passing through and 
thi‘ir heads and nuts 
1 e s t i n g on iron 
Avasheis. Tho dogs 
are simply drivem in 
just a.s the carpcmtcT 
driv(‘s his little dogs 
or staples temporarily 
into timber. To o 
many bolts in timbers 
arc objectionable, not 
only because they cost 
more to make and lit 
than dogs, but also because the bolt-holes 
less«‘n th(^ value of tho timber for sale. This, 
of course, only applies to temporary works. 

Horizontals. Tlie upper horizontal tim- 
b(Ts must ho adequately supported. If tho 
j)iling or the standards are not very far apait, 
the horizontal timbers generally require no 
other support. Fretpiently, however, tw'o sets 
of horizontals us(‘d, laid one over the other, 
crossing at right angl(‘S. But, apart from this 
devic(*, liorizontals must be stilTenod if they 
arc supported only at long int(.Tvals. This is 
don(‘ either by strutting [72], or by trussing [75 
and 76]. Tho first named is less costly than tho 
second. But wluui timbers are very long, 
trussing is the only method practicable, and 
this may be single [75] or double [76]. In this 
the stresses tending to bend tho timber down- 
wairds arc transmitted to the truss or tie-rods, 
which are anchored at the timber ends, and in 
a strut of cast iron [771, or two such strutfl, 
fastened to, and projecting from, the bottom 
face of tho beam. This device is not often 
adopted in temporary stagings, but it is usual 
in permanent gantries. 

Tall Stagings. Tall stagings [68, 69, and 
70] arc essentially a multiplication of the single 
staging. They are necessary where the girders 
for bridges and viaducts have to be carried 
across deep ravines. They are made broader 
at the base [69 and 70] than above, and the main 
mem hers form several tiers, which are each 
strulti^d similarly to a single element. Around 
this general design engineers effect all kinds of 
modifications adapted to any particular piece 
of erection in hand. 

Portable Stagings. Portable fitagin^ 
embody tho principles of oonstruotion of the 
foregping in so far as the strutting and union of 
the memberB is concerned. The difference is 
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that, instead of fixed pih^s or .staiKhirdK, the 
staj^ing is mounted on flanged wheels [74], to run 
on rails, if on land, or is placed on a txmtoon, or 
pontoons, if for bridge enaction. 

Bridge«erecting Stages. Tho stagings 
for the tTcction of bridges aP(^ of two kinds 
— those having tJie piles or standards spaced 
equally, and those' in wliicli they luo chisttTcd. 
Tlio difl’crcnco between the two is as follows. 

Equal Spacing. K(Te the hridgi^ is 
erected on stagings which are placed at regular 
intervals |68|, excepting near tlu' centre of the 
waterway, where a space of clouhhi or ir(‘bl«‘ 
that allowed elsewhen' is given, in order to permit 
of navigation thert*. But at a,uy otlu'r locality 
tho stagings bar traffic. 'I’liis HK'tbod is only 
suitable Avhere streams are not liable to flood or 
to drifting ice?. It is a simpk'r const ruction 
than tho olnstor d(‘vioe, hut in sonu' oases us(‘s 
a larger quantity of tiinlxu’. 

The Cluster System. In tliis [69 and 
70] navigation is seareely impialed. since the 
olusterod standai’ds are spaced wididy apart. 
But this involv('S tho eonneotion of tiie tops of 
tho standards by horizontal hoams, so making 
a gantry. Those beams of timber or st('<‘l are 
generally botli trussed and striitled, to cnabk' 
them to carry cranes and. tlu' loads of the 
bridge gird(‘rs. 

'Pho standards for stagitig must consist of 
pik'R in swift streams, and in tliosc' likt* the rivers 
of Canada and North 
America, wln're 
floating ioo comes 
down. It is alsr) 
safer in slow-run- 
n i n g n a v i ga bl e 
streams. 

There are many 
eases in which it is 
not neeessary to 
drive piles, hut the 
standards a'ee instead 
stood on the river 
bed and enclosed 
with a mass of 
rubblo [68], to pro- 
vent them from 
shifting. Or the 
two methods ai e 
used in combina- 
tion, some standards 
being driven, others 
not, and the bases 
loaded with rubble 
and the upper por 
tions braced. On 
land, standards are 
sometimes carried on 
h orizon tal tim I )ers 
[71J, as, of course, 
they must he also 
when a travelling 
staging is mounted 
on wheels [74]. 

Choice of 
Methods* What 
particular method 


shall be adopted in any case is a question 
for .settlement by the (‘ngi?ie('r, who has to take 
all the local circumstnncc's into consideration. 
The nature of the ground, the span, height, 
wind ])ressure, navigation, (‘te., all have to 
enter into the ealeulation, and a matter as 
important as any is that of cost. 

Alternatives to Stagings. The .staging 
method of erection of bridges is alterna- 
tiv(* to that of floating out bridge girfks's, or 
rolling tlu'm out from tlu^ sluue, or building 
the?n out fi’otu tlu'ir piei-s. Jt poss(*sses the 
g?-(‘;it advantage's of giving the men a good 
platform to work upon, and under some con- 
(liti(»ns may thus ]>ro\(' k'ss costly than other 
methods uIh'I'i' no staging is used. The parts of 
the work th.at are being ert'ch'd .arc' not subjected 
to any strain, such as often oecairs ifi the other 
methods, esf)i'<‘ially in the e.asc' of earitilever .and 
girder bridge's lik(' that over the Forth, op tho 
arelu'd bridgi' just l)uilt ovu'r the Zambesi. Every 
nu'inbc r is siipportc'd by tho staging until the 
last. ri\('t is closed, and each is then subj(*oted 
only to the normal stress for which it has l)C(‘ri 
j)ro[K)rt ioiH'd. 

Joints. 'FIk' nu'thods of jointing the heavy 
timlx'i’s for staging admit largely of ^'petition — 
th.at is, tiu' forms ust'd ari' not very numerous, 
hut llu'V occur again and again. Some of the 
principal ar»‘ show n. 

It may 1 h' laid down as an axiom that the less 
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cutting (Jori(^ tlic better from the point of view 
both of economy c'lncl of strength ; economy of 
time, and also in money, from the fact that the 
material is more saleable on the conclusion of a 
contract ; strength, bec^ause d(*(‘p ctitfing 
diminishes the strength of a st'ction. Still, as 
already remarked, it is seldom usual to trust 
to bolts alone for security, but joggling, even 
though shallow, is piactised. iieams, stringers, 
transoms, arc; notc;lied or joggled, and struts aro 
stub-tenoned. Strap bolts and tliiough bolts 
ligure largely as fastenings. Where these alone 
an; not suflieient, straps of forms suited to the 
joints and direction of joints of the beams are 
laid against faces and holtc'd throiigli. Numerous 
examj)les aie groiipcjd in 78 - 91. Fig. 78 illus- 
trates the shouldering of an ujiright lu'tween 
two hoiizontals. Fig. 79 is similar, with the 
addition of a diagonal strut, which n^sts on a 
hori/orital. Fig. 80 is a diagonal limhtu ; a 
chock tills in th(* (‘ntl, and tlu* Avhole is bonded 
and hoUed together. Fig. 81 is a diagonal strut 
abutting on a step (;r straining-piece, andK(;cni‘ed 
by bolts. 'J’helong bolts flanking tin* diagonal go 
up to horizontal timluu. Fig. 82 shows (he d<‘tail 
of the otlier ( nd of (li(‘ diagonal f‘as<(‘ning to tlie 
li o r i z o n t a 1 


In the fixed type [72 and 73], which may be 
extended to any length, the work being an 
exact repetition of that shown, the cheapest 
style of construction is given. The various 
memhers are fastened witli dogs. The verticals 
and horizontals ari; strutted, and diagonal struts 
alTord stability at tin; ends [72 j and sideways [73]. 

Jn the portable typ(‘ [74J, which has to be stable 
in itself, mor(; care is taken with tht; joints and 
fastenings. On such end framings any super- 
structure can he raised, either timber beams for 
eran(‘s or floorings. Strutting of these in a 
dir<;etion at right angles with the plane of the 
framings must ho done, and if the beams are of 
any considiTalilt; length they must- be trussed. 

The travelling wIktIs must have their axles 
carried in ea-sl-iron hearings bolted to the 
tinihers. and in lieavy gantries provision must 
l»e rnath^ for tra velling by tootlied gears operated 
by wineh-handles. 

Derrick. Stagings. Wlitm it is necessary 
to hoist materials to a great height, as in the 
erection of tall buildings, a derrick crane mounted 
on a high staging [71] is more' economical than a 
gantry with a trav(‘iling crane. The kind of 
si age employed for this purpose consists of 

three built- 


limhei. Tig. 
83 is anolhi ‘1 
diagonal fas- 
baling made 
with long 
bol ts. Fig. 84 
is an inter 
mediate tie 
H e c ii r i n g a 
vertical to 
a diagonal 
m (* m 1) c; r a - 
way from tlie 
end fasten- 
ings. 

Fig. 85 
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up logs, one 
at each 
corner of a 
ti iangular 
base. Tlie 
main out;, 
known as the 
king leg, 
supports the 
derrick. The 
other two 
are termed 
queen or 
chain legs, 
and their 
^'motion is 


shows horizontals and verticals fastened to afford ancliorag(;s for the guys of the 

with tenon and bolts, and a diagonal stub- derrick. These legs each consist of a square 

tenoned ; 86 is a right-angle fastening, tenoned column of lattice-work formed by four vortical 

and bonded with a strap bolted through ; 87 corruT 1 imbers, each of about 12 or 14 in. square, 


shows uprights united to a horizontal with a connected by horizontal and diagonal bracings, 
joggled piece ; 88 illu.stratcs strutting attached The king leg has a middle vertical timber, in 


with an iron luiet; ; 89, crossing diagonals 

shouldered into the upright ; and 90 and 91 sJiow' 
various crossing joints shouldered and secured 
with covering straps and holts. These do not 
exhaust the joints possihh;, hut scarfed and 
joggled forms, and the methods of making 
mortises and tenons, etc., ivill he given in the 
course on CARrENTKV. M^he timber used for 
string is usually deal or juteh jiine. 

Gantry Stagings, (hinlries and staging 
for travelling crarn's, crabs, erecting towers, and 


addition to the corner ones, and is generally of 
larger dinK'iisions than tlie queen legs, though 
all are of the same height. Owing to the great 
height, the vertical timbers have to be built up, 
either by fishing balks end to end, or by bolting 
a number of deals together and arranging thfem 
so that they break joint. A secure base of 
concrete or crossed balks must be prepared to 
erect this staging on. The legs are connected 
at the top by trussed girders, and below by 
diagonal timl)er8. 


for fixed cranes, are used largely. The principles 
laid down are embodied in tliese. There are tw’o 
rincLpal types — the framed strii(;ture and the 
raced — and both kinds arc; made fixed or 
portable. Gantry framings of both kinds are 
shown, with variations in the metliod of con- 
struotion, 


Tlie legs are loaded with kentledge, either 
bricks, stones, or pig- iron. A chain is suspended 
from the extremities of the derrick legs, and is 
loaded near tlie ground. This prevents risk of 
overturning of the crane, or lifting of the back 
guys, which in ordinary cranes fixed to the 
ground is done by bolting them into the sleeps* 
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NATURE'S RECORDS OF EVOLUTION 

The Story of Evolution Read in Rocks and Animals. Geolog^ical 
Succession of Animals. Theories of Weissmann, Beard, and Reid 
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By Dr. GERALD LEIGHTON 


Geological Periods. Tlio. story of tho 
rooks depends upon the fact that the df^jiosits 
i)f sand, mud, limestone, and so forth, wliieli are 
tormed are arranged in sucet'ssive layiTs, of 
^\hiell those nearest the surface' are the most 
rt'cent, unless some ujiheaval has oeeurrefi to 
all(’r th(i arrangement. Any given stratum or 
layer of rock, together with the fossil remains 
found in it, is therefore of greater antiquity 
than those which rest upon it, and of more recent 
(late than those wliieh uro. found underneath it. 

From this fact gcolctgists ari^ al»le to arrange 
strata in their order of tinu‘, and thus to con- 
struct “ the geological record.” 'J’his recfird 
constitutes the story of the rocks. The dc'tails 
of it will be found in tlu* course on (neology. 
Wii may simply note here that it can lx* divided 
into four great pt'riods, wliicli are characterisc'd 
hy fossils of corresponding typt's. 'Hh'SO four 
}»eriods are as follows : 

1. Tjie K.mnozoio Ki’ocii.the youngest of all, 
corresponding to the age of birds and mammals. 

2. The Mesozoic Epoi ii, eorn'spoiiding to 
the age of reptiles. 

The Palaeozoic Kro(’n, corresponding to 
tlie age of amphibians, lishe.s, and invertebrato 
creatures. 

4. The Eozoic Erocn, the ag<'. of unknowm 
forms of life. 

Wo ourselves live in the first of these epochs, 
the Kaiiiozoie, a period which lias lasted for 
a much shorter time tlian the Mesozoic, the 
latter in turn being shorter than the Palaeozoic. 
It is quiUi possible that tlu? Eozoic was longt*r 
than all tliree together. The entire record 
includes a thickness of strati lied rocks of some 
100,000 feet. 

In order to illustrate the evidence alTorded by 
a study of foasils in favour of organic evolution, 
we may take the case of one well-known mammal 
— the horse — and see what is known of the origin 
of this particular species. 

The Evolution of the Horse. The 

horse may be regarded as one of the “ show- 
pieces ** of organic evolution, because a very long 
series of fossil horse-like creatures has been 
discovered which prove conclusively the course 
of events for this particular animal. They tell 
the gradual origin of the specialised modern 
horse from the primitive generalised ancestor. 
They show the relationship of the horse to other 
creatures, such as the tapir and the rhinoceros, 
which represent other stages of the horse 
evolution, a view which is borne out also by the 
facts of development. 

The ancestors of the modem horse are repre- 
sented in the geologioal deposits of both Europe 
and America, those of the New World being 


wonderfully complete. These* remains an* found 
in th(* tertiary rocks, the divisions of which 
an^ termed respi'ctively Phij^foccne, Pb'ocme, 
Minrene and Kocniv, the last hi'ing the oldest 
and the tirst tlic newest of this series |se(^ 
(^kolooy]. The seri<‘s is thus described hy 
C. P. .Miidgc in liis '‘Text-hook of Zoology”: 

Fossil Horses. “ Tin* first- fossil remains 
of the hor.se in America arc found in the th'posits 
of the UpiifT Pliorj’Hi, and they arc in no way 
dilTerc'nt from the eorn'sjionding portions in 
tin* re<‘ent liorse, which is an animal whose' 
limbs have heeome modified in accordance with 
the reqiiire'ments of tlie rapidity of flight over 
undulating plains and a firm ground. Both the 
fore and land limbs of the liorse pos.sess only 
one digit (third fing(*r and toe rc's])eetively) and 
two splint hones, one on either side of the 
functional digit, wliieh ciurcspond in ])osition 
to the hoTK's of tlu.^ middle liaiid or foot respee- 
li V('ly. 

“In the Middle Pliocene, tlie remains of an 
animal {Pliohippus) slightly smaller than the 
liorse, and possi'ssing its small hooHets, is found ; 
farther down in the Lomr Pliocene, an animal 
about as large as the ass, calk'd Protohippnsj 
is found, whose fore and hind limlis both 
posses.s threi' tingc'i’s and toes respcjctively, 
Imt only the middle one is funetional and reaches 
the ground. Earlier still, in tin: Upper Miocene, 
Miohippn^^, of slightly larger stature than a 
sheep, ' is found, whose limbs pos.sess three 
fimetionally devolojied digit.s and a small 
splint bone on the fort* limbs ; in tht* Lower 
Miocene, a smaller animal, M esohi ppus, has the 
same three functional digits, but the splint bone 
is much hu ger. In tlie Upper Eocene, Orohippus, 
has four digits, or toes, of which only three 
reayh the ground, the smaller one corrcsjionding 
in position to tlie splint bone of Mtfiohippm. 
In the early Eocene, EJohippus, with four fune- 
tional digits and a remnant of a tifth, is found. 

“As we search baekwairds through tlie record 
of the rooks, we can thus trace the successive 
stages by which the one- toed and one-fingered 
horse has been derived from a five-toed and 
five-fingered ancestor ; and a comparison of the 
horse’s limb w’ith tliosc of the animals mentioned 
above shows that the two splint bones correspond 
to the second and fourth digits, and the functional 
toe to the third one of the pcntadaetyl limb 
of the horse’s ancestor.” 

How the Horse was Evolved, Jn the 
European rocks the n'cord is not so complete, 
but is on precisely the same lines. The earliest 
form known hits three functional toes — that is, 
throe toes which reach the ground ; a later 
form is found in which the two side digits are 
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not functional, tlicy <lo not reach tlic .mound, but 
tile niiddh' one lias bcconu' fnoi'(‘ prominent ; and 
in a still lat(‘r form tl\is condition is accentuated. 
So that by I lu' gradual disappv*aranc(* (jf the outer 
fintjers and toes, the prc'siait londition of the 
limb of the horse, that of havin^^ only one 
fun(;tional linma' and to(‘, is r(‘acli(‘d. 

It must not b<* imatrined from lh('s(‘ iuten'stinji 
discoveries that avc hav<‘ here a tlircct line of 
descent btdon* us, or tlud one of these aiie<‘stral 
forms ^av(‘ rise dir(‘etly to the next Known. 
'rh(‘ JXM'ord is of neci-ssity im])erfeet. and w ill 
doid>tl(‘ss reeei\(‘ many additions in fulnn*. 
.Moreover, as we liave s(“en, laim' K*‘nups f)f 
animals have disap[»eared without k'avinj/ us 
any trae(‘ hitluu'to diseov('rt*d, tlu^ condition 
ms'cssary for their preservation Ix'ine abs(‘nt. 

We must not ex])eet mon* than is r(‘ast>nabh‘ 
from the nature of tlu^ eas(‘. Minute eon- 
neetine links ao' doubtless lost f(»r ever in the 
proe('ss('s of d(‘(‘ay. If vv(‘ can find one variation 
hei(‘ and th(‘r«‘ which points the way, it is as 
niiieh as is to he (ex p(‘et(‘d. Hut the facts 
\v(' have inentiomMl app(‘ar to admit of no other 
int(‘rpretation tluni that alToivhsl by the th(‘orv 
of organic <‘V(>lution, and the seientitie imagimv- 
tion can readily ])ietur(‘ tin* (‘ii vironments 
which accojiipanied tlu* sueec'ssive stag(*s. 'rh(‘ 
evideiKvs of geology eonu' to our a.'>sistane(‘, 
and (*nahle us to form some such picture of events 
as the follow ing. 

The Past Reconstructed. “Tlu^ Koeene, 
period, whieli was p('npled among others 
i>y the triluj of tht' lOohippi, was a 
])eriod of great geological unrest ; grt'at land 
masses xvere slowly sinking Ix'iiealli the s(‘a, 
find some of the gix'at .\l[)ine chain of mountains 
of the ])resenl day were being formed Iv neath 
the (»eean, while fitlu’is wer<‘ in course* of (‘le- 
va! ion aljove th('. sea-leve*!. ^riu'se ek’vations and 
snhsidenees were ikjI sudden and t alaelysmie, 
but oeenpied hundreds of thousands of y(»ars. 
'J'hon^ is evidence to show that the greater 
p(Wtion of .Eui'opi*, and a large ]>art of Anuu’iea, 
weiv at this period h(*n(‘ath the snrfaet* of the 
sea, (jr hut little ahovc^ it. 

“The physical conditions of such a ])eriod 
must hav(’ be<‘n elmi’aeteris«*d hy the pre.sene(i 
(M ext(‘nsive marshy swamps, with Ih'tx^ and 
tluTc einineneos of dry land, lender tlic.-^c* 
swampy conditions of the ground, Ktthippas, 
wutli its wide tetradaetyl (/.r., four digits) and 
the then but recently })enta(laetyl (or., livi* 
digits) hand and foot, was favourably adapt(*d, 
for it could move, if but slowly, at any rale 
with security. 

Birth of a New Tribe. “ In the 

lattcT }>arl; (jf the Eocene cfioeh the elevation 
of tlm gi'onnd was still proeef*ding, and nuu*li of 
it bad become dric'r and lirmer ; during tlu^. 
same time there had a jipeared among the Eohipjh 
stock C(‘rtaiii individuals in which a spontaneous 
variation had ajipeared in the form of a less 
well •developed fourth toe (OrnhippHs). Wo 
know^ that a spontaiieou.s variatiem of this kind 
is hereditarily transmit t('d, and that if l)oth 
parentwS possess it the variation in tlu^ offspring 
is accen'uatsed. 
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“ Now, we may imagine, for there is nothing 
improbable or inconsistent with known facts 
in so doing, that such a favourable sexuul 
union occurred, or, for the matter of that, that 
several did so. Therf^ would thus arise a 
progen3^ with strong innate and congenital 
lend(*ney to a reduction of the fourth to(*, 
and tins ]^rogen3" would interbreed and tie* 
variation beeoiiu* still mon* a(;(!entiiated, until 
only a splint-bon(* (rndafarml) of the fourtli 
toe was left. Thus would arise the tribe 
of M(‘soluppi. 

“If we suppose that this variation in the 
diivetion oF the loss of digits eonf(*iT(^d any 
advantage upon the individual beyond that 
])o.ssess(*d by those in which such variation had 
not appt'ared, that, for instance, in tlu* struggle 
for exist (*nee resulting from the tendency of 
atvimals to reprodiu'o h(*y()nd tlu*. nu*ans of 
sul)sisti*ne(‘, a three-toed animal eonld mova; 
nuna^ ({iiiekly than a. fonr-to(*d one, it 'would 
mon*. easily obtain its food and have hetl(*r 
ehane(*s of surviving and pr()en*ating its species 
than its less favoiirahly adaplt'd fellow. 

Variation to Suit New Conditions. 
“ .\nd this in n'ality irmst have ha})p(m(:'d ; for, 
as the land gradually rose higlu'r ahovf^ the 
surface of lh(* sea, the sw^ampy aivas favourahk*. 
to tlu* four-to(‘d Eoliippi would h(‘eoin<^ mon* 
and more limit(;*d and the food supply Iherefon*. 
less, while tiu' dry and firm areas waiiild eorn*- 
spondingly increase and tlu* fo(xl material which 
it could ]>rodiiee. And those* forms which w'on* 
b(.\st ada])t(‘d to move ov(“r linn and dry ground 
would liave more (‘hanees of surviving an 1 
reproducing their spi'cies than those whi(*h 
W(*n* only adapt(*d for marshy swamps. 

Tn (‘oniu'ction with this gn'ater rapidity of 
motion, it must be remembered that the loss of 
to(*s was correlat(al with increase* in the length 
of the limbs, in size of h(aJ3% and alteration of 
the patti'rn of the teeth. All the swiftly moving 
nngiilati* animals of to-day are either single 
tO(*d, like the horse, or doubkvtocd, like the deer, 
and for mevdianieal purpos(*s the double-toed 
forms an^ really single-toed, for the two meta- 
earpals of tlu^ foie limb and metatarsals of the/ 
hiiui limb are fused togi'ther in most iristancixs.’’ 
(.Mudg(\) 

So, according to this view, tlu^ horse has been 
evolv(*d from a ])rimitive five-toed and five- 
lingered ancestor by the natural selection of 
spontaiu*()us variations in the digits, variations 
w liich gav(^ tlu*ir ])oss('ss()rs the advantage in the 
struggle for (‘.xisteiuu; in their changing environ- 
m(*nt, particularly in the matter of obtaining 
food. This is the oss(»nee of the theory simiil- 
larieously announ(’i‘d by Darwin and Wallace, 
and the horse is one of the best cxnmpll^s of it 
which can he (j noted. 

Theory and Fact. Looking at the 
matter altogether apart from the theory of 
Darwinism, the actual specimens of these 
variations arc found and can he seen. Successive 
forms showing all the difTcrences mentioned 
betw'cen the five and one toed animal have 
existed, and no other reasonable explanation is 
forthcoming, except that these represent stages 
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ifi the gradual evolution of the horse as we see 
it at the present lime. 

Additional Evidence. There is still 
another -point which the case of the horse 
illustrato well. We know (hat modern s])eoies 
occasionally produce offspring which vary in 
the direction of their ancestors. They “ throw 
back,” in popular language ; (luy (‘xliibit 
' atavism,” in technical terms. Docs such a 
tiling ever occur in liorscs ? It does, in a most 
interesting manner. Horses liavc been met 
with which possessed toes eorr()sf>onding to the 
form known iis Hipparion, the two s})lint-bone.s 
having their corresponding digits. Still more 
commonly, wo ffnd the modern horse developing 
HU extra tooth in front of the preniolars, this 
tooth being known as the “ wolf’.s tooth.” 
No>v, a noriual modern horse does not posst-ss 
this tooth, but it occurs constantly in one of 
the eai'ly European fossils, and as often as not 
in Hipparion. »Sneh structures wIkmi they 
occur in modern individuals are (ermiHi ‘‘ ves- 
tigial structures”; they represinit struoturos 
which were ono(^ constant, but are now no longer 
existent, or an; in 
actual coursi? of dis- 
appearance. Tli(\y form 
imjjortant ailditional 
evidences of thii ('onrsci 
of organic evolution. 

They cannot he ac- 
counted for upon any 
other supposition. 

The Rhinoceros 
and Tapir. It is 
int< ‘resting to note that 
in some existing ani- 
mals these variations 
of the limb are still to be 
s(*en. In the rhinoceros 
the second, third, and 
fourth digits on each foot 
are still retained. The re- 
duction has not gone on 
to the stage of the 
horse. The rhinoceros remains tlirec-toed. 
Professor Cossar Ewart has shown that in the 
unborn foal these second and fourth digits are 
represented by small projections on each side 
of the limb. Another variation is that stjcu in 
that most curious animal the tapir, a creature 
somewhat like a pig in general appe^arance but 
with a short proboscis. It dwells only in South 
America and the Malay region. Geological 
evidence shows that similar animals once 
existed in North America, Europe, and Asia, 
and this fact in itself is to be explained only by 
the theory of organic evolution, extinction 
having occurred in the intervening areas in the 
stniggle for existence. The condition of the 
foot of the tapir, represented in the illustration 
(together with that of the horse and the rhin- 
owros), is that the fore limb possesses four 
digits, while the hind limb lias only three. 
It is the comparative structure of the limbs, as 
represented by the presence or absence of digits, 
upon which we desire to lay special stress at this 
point. No other explanation but that afforded 


by the theory of organic evolution can explain 
the existence to-day of a creature having limbs 
made like those of the tapir. 

The Geological Succession of Ani^ 
mals. V\'e may here conveniently summaris(3 
the geological evidence of Ihi^^ matter, mentally 
resolving to leain more of this aspccit of evolu- 
tion from text -books especially devoted to tlie 
subject. 

Fossil animal remains teach that the earlier 
tho fossils tlu? less are they like animals now on 
(‘artli ; the Liter the fossils the more nearl y do they 
approximah; to tlui sjx^eies as now seen. Tho 
oklest fossils are those of the invertebrates, ivith 
a few fi.sli. Many of these are generali.sed types 
as opfiosed to what we term specialised types, 
^riio more generalised types havi; disapptaired 
in th(5 struggle for exisUaiec', except iii a 
few- isolated eases, such as the tajiir, one of 
the most generalised mammals existing. The 
sueeession of forms whieli point lo tho ancestry 
of the horse finds a parallel in tho sea- 

urchins and aminouites, the older of which 
are more g(‘neralis(ul, the latter liaving more 
sjiecial and elaborate 
structures. In the 

arnphil)ians ami rep- 

tiles those parts of tho 
animals which are most 
used have undi'igono 
moht elaborate special- 
isation from tho ancient 
types, tho specialisation 
iMMUg most marked in 

tho mor(5 recent forms. 
Ill Paheozoic times a 
largo number of eroatures 
(‘xist(*d which belonged 
to typos which would 
now bo ijuito useless 
in tho present .struggle 
fur existence. They waa-o 
extinguished, suddenly 
or gradually, by natural 
agencies, only the ad- 
vantageous variations surviving. Nature lias, 
throughout the ages which are gone, evolved by 
tho agency of her own laws S|H‘cics of jilants 
and animals best fitted for tho changing 
environments. On tho whole there has been 
progress, the liost proof of which is the evolution 
of mail himself. 

We have now taken a general view of the pro- 
blem of organic evolution, and examined tho two 
great thcoric.s of the last emitury whi(?li attempted 
to ixccoimt for tho facts, w-ith the result that 
wo find ourselves more in aceordamxi with the 
view advanced by Darwin and his followers than 
the older theory of hamarek. But we at th(i 
same time freely admit that the last word con- 
cerning tho origin of specii‘s was not said by 
Danviii, and tliat since ho wrote a very great 
deal has been Icuriit whiidi may very wx*ll modify 
the conclusions to which ho came. Neverthe- 
less, speaking broadly, all tho evidence is on that 
side, and all the more recent views which have 
been advanced do not really contradict tho 
essence of Darwinism, but rather strengthen its 
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wvixk j)laf(s. 'l'h(‘y all ])n>c.iH'(l from Darwin's 
fonnflalif)!! tin* iinixcrsal ]»r(;valenfC of 

variations of a spontaneous nature \\hieh ean lx* 
transmit t(‘d l)V h<‘r(*(lity, aiul whieli inv in some, 
way s(*leete(l. Now. it is (piite true that Darwin 
and Wallaee used the term Natural Selection ' 
in a d<‘tinit(‘ manma*. in the s(‘nsc‘ in which we 
hav(‘ iised it in thi*^ eonrse. and it follows that 
any otlaa- kind of selection is not, strielly speak- 
inji^, Darwinian. What w(‘ wish to emphasise is 
that the lat(‘r vi('W's art* the lineal (lcs»‘endants of 
.Daiavinisni, and h<‘ar n])on tlieir faces I he imprint 
of tlieir oiicin. Tiny s(‘ek to answci’ some of th(‘ 
ohj('etio!js and ditlicidties w hich hav<‘ Ixam iireed 
against natural sehalion as propounded hy 
J)arwin, to supply what many hav(‘ thought was 
still re<piiied in Older to a<*count for all the facts. 
Of thes(‘ ((uit(‘ recent \iews then* aii* four wliif'h 
w'(5 must mention hriclly in ordca* to indicate 
the trend <»f thou^j^ht at th(‘ actual moment of 
writinif, and to ]jre|)are us for (hwadopmenls 
in the immediate futiir(‘. 

'Weismann’s Theory. Professor \Veis- 
niann, of Freihur*;, ]u-rc('ivin^ tlu' difticulti(‘s ot 
the natural selection theory, and liavinj^ no faith 
at all in th(‘ other \i(‘ws. formulat<‘(l a. theory of 
s<‘leetion which is ternu'd " (ha ininal S(‘l(‘etion. ' 
FIk* esscuKM' of this law is that the stnicole for 
nutrition — that is to say, the real struLfjzIc for 
('xisteiuM' tak('s plae(' in tlu' n(‘rm )>lasm itself 
lu'fon* th(‘ de\i‘lopment of th(‘ embryo. 'Plu' 
^erin is supposc'd to e(»ntaiii certain detinite 
])ortions which yivc rise to corrc>pondiu^ parts 
of the d(‘V('lo])e(l body. If one of these u:<*rm- 
])ortions dcttaininauts, " he terms them) is 

vampiished in the strucyh* for nourishment, it 
grow's weaker than other parts which are hett<‘r 
nourished, and mivc's ris<' to a minus \aj'iation 
—a negative variation -in the individual, who 
tliu.s perislit's hc(’ans(' of the survival of those 
in whom this part is strong. Owing to the 
<‘ontinuity of th<‘ g<*nu- plasm, the process of 
weakening goes on with added forei* in sue- 
eessivc! generations, until at last that special 
portion of germ-])lasm perishes, and the part 
whydi it represents tlu'rehae disapp(‘ars from 
individuals. 

We need only say here that this is pure tluaay, 
a mental eoneeption to account tor some 
ohservt'd taels, 'riiere is no actual (*videnee 
in existiMiee to sliow' that such things as 
“ determinants ’ are in the germ-plasm. The 
th(‘ory is hound up with the theory of heredity 
put forward hy \\'eismann. to which w<" shall 
refer later. 

Dr. Beard's Theory. Dj-. Beard also 
maintains a theory of ‘(«ei-minal SeU'ction. 
He heli(‘ves that in sexual reproduction the 
whole uuniher of eharaelers of the two parents 
are mingled uj) to a certain point, just as the* 
cards in two ditferenl ]>ueks might lx* mingled 
hy shutHing tliem together. Tlien^ will thii.s h(t 
in every fertilised germ-eell two repre.sentative.s 
of each character or (piality. At a certain stage 
after fcrtili.sation one rejaesc'iitatiAe of eiu*h 
character or (piality is eliminated or suppr(‘ss(*d, 
the one to he preserved being that best .suited to 
the (mvironuient of the erm-eell. Aeeordiiig to 

I ISO ' 


Dr. Beard, sele('tion occurs within tho germ-cells, 
and tlH'ri* is <a selection of germ -cells ; lu^ main- 
tains, tea), that t]u.s form of germinal selection 
is a. much moix^ potent factor in adapting spe^cies 
to th(‘ (‘nvironnuml in which they find themselves 
than is the natural seh'ction propounded hy 
Ihirw'in. “ Wdiat it (v.c., natural .seh'ction) 
Wiuild do, tliat, and far mori^ tlian that. Nature 
brings about in a nioir etlieient way by seh'cting 
in the g(‘rm-(*ell which of two eharacters or 
(pialilii's, the greater oi' lesst*!*, shall he taken." 
Dr. Beard IxdieNcs that the environment of tin* 
g«‘rm-pl.‘ism is sueli that it selects jiortions of 
g(‘rm-plasm repres(‘nting characters in a manner 
similar to, but more (;(‘rtain than, tlu^ way in 
which Darwin supposed individuals to 'be 
S(‘l(‘t‘t(‘d. Darwin would (‘liminatii the unlit 
individuals in the struggle for existence. Dr. 
Beard would eliminate the unfit germ-e(‘lls. He 
attrihutes the variations to the action of the 
(‘nvironm(*nt. b) (wc'ry part of which the germ- 
(M'lls will react. Thos(^ which react favourably 
ar(‘ sele<*led, thost* wliieh n^aet unfa vourahly will 
diminish. 

Dr, Archdall Reid’s View, .\rchdall 
Keid, th(‘ w('lI-known wiit(‘r on t'volulion 
and her(‘ilily. also s('(‘ks to supply the 
unknown factor in organic (‘volution. He 
maintains that not only is th(wt‘ one gn‘ai fore(‘. 
at work in Nature —naiiu'ly, Natural Seleelion- 
hiit that in addition th(*re is an()th(‘r nam(‘ly, 
Bevt‘rsion. 'PIh' former eaust's progr(‘Ssive 
('Volution, th(' latt(‘r icgn'ssi ve evolution. They 
ar(* oppos(‘d, hut one would Vm* ipiite inad(‘(juale 
without th(‘ oth(‘r. Tlu'y are warring forc(*s, 
blit their n'sultant is a ni'ar approach to pcrtec 
tion. B(‘lw(.‘(*n them tlu'V lend to bring eveuy 
sp(‘eies into (‘xepiisitc* harmony with its environ- 
nu'iil." variation may he progn'ssivo oi 

regn‘ssive in typ('. A ])i(.)gre.ssive variation 
const itut(‘S a deviation from the par(*ntal imd 
aiu'estral type, which, sp(*aking generally, is in 
tin* direction of inereas(‘(l magnitude and com- 
pU'xity. It results from llu^ complete recapitu- 
lation of tin* parental devi'lopment p/a.s- an 
addili(^ii. A regre.ssive variation oonstitutes 
a deviation from tlu' pan'utal tmvards tJu* 
ancestral tyjie As a ruk* it is in the direction 
of diminished magnitude or complexity. It 
n'sults from an ineomph'te recapitulation of the 
part'utal development. . . . K volution is 

adaptin' racial ehangt'. . . . 'Khe tendency 
to vary spontaneously has heim evolved hy 
Natural S(‘leeti(m. . Only inliorn cha- 

ract<*rs are transmissible to otfspriiig. Evolu- 
tion, therefor e, procei*ds solely on lines of inborn 
eharact(‘rs. Fvery individual in his develop- 
ment follows (with variati(ms) in the 
footslet)s of his predecessors. The develop- 
ment of every individual is, therefore, 
a r(*caj)itiilation (with inaccuracies, with 
omi.ssions and additions) of the life-history of 
his race. Since regressive variations tend to be 
of greater magnitude and prepotency than pro- 
gr(*ssive variations, the tendency to regression is 
ahvay.s greater than the tendency to progression. 
Conse(iueiitly, progressive evolution can occur 
only Avhen selection is somewhat stringent. 
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and this is especially the case when a character 
liiis been recently and quickly evolved. It 
iollows that, whenever the stringency of selec- 
tion is relaxed, a character which has undergone 
evolution tends to regress. During the evolu- 
tion of the species many parts become useless. 
Natural selection, therefore, has evolved bi- 
pareiital reproduction, which regulates the 
tendency to reversion in a very beautiful, 
elective, and discriminating manner. It aids 
fiatural selection to preserve structures and 
variations when they are useful, and assist.s 
regression to eliminate them when they are 
us(‘loss. . . . Natural si^lection scMzing on 

progressive variations causes ])rogressive ovolii- 
liori. Bi-parontal reproduction seizing on i‘(‘- 
uressive variations cause's regn'ssive evolution. 
The latter is a necessary acconif)aiiiment of the 
former. Natural selection; as commonly under- 
stood, therefore, explains only half the facts 
of evolution. The environment acting on, or 
through, the parent, has lilth' or no etfeet on 
offspring subse(|iienlly born. . . . Kvohi- 

tion is duo solely to natural selection. Hut 
besides the simple and dire.et (‘liinination of the 
unlittest wliich Darwin describes, sjx'cic's are 
adapted to their environrjU'iits by other means 
moi-e subtle and exact.” 'J'hcse brief (‘xt?’acls 
from Dr. Keid’s book on “ 'I'lu' Pjiiici[»Ies of 
Heredity” will serve to indicate liis main 
contentions, and tiie work its(‘]f must be 
(consulted for Uie arguimmts adduced in tlieir 
support. 

The Origin of Species by Mutations. 

We have left to the last the mention of a 
theory of organic evolution which, advanec'd 
only a year or two ago by Do Vrk's, is rapidly 
assuming a very prominent place in the minds 
and beliefs of modern biologists. Idke other 
modern views, it has a distinct flavour of 
Darwinism about it, but at the same time it has 
its own distinctive idea. It will be remembered 
that Darwin thought that plants and animals 
had evolved into species and varieties by a 
very slow and gradual process as a rule, this 
process depending upon the selection of some- 
what mnall and mimdc variations which •were 
accumulated by selection. Jhvrwin’s theory 
demands great periods of time for its accomplish- 
ment. He thought that very gradual change 
was the rule. 

De Vries, on the other hand, has propounded 
the somewhat startling proposition that evolu- 
tion in plants and animals is by no means so 
slow and gradual as was supposed, and that 


instead of species arising by the selection of 
small advantageous variations, they are often 
prtKluced suddathf by large and very marked 
variations, which arc traiismittod to offspring 
and which breed true. According to this view" 
the enormous periods of time demandejd by the 
Darwinian lhe(»ry are not re(piired, and it 
accounts for the sudden apj)earanee of specie's 
without any series of conneeling links with 
others. 'J'hese large variations, whicli Do Varies 
believes give rise to n(;w .species, Ije terms 
“ niutatioas,” to distinguish flu'm from the 
smaller modifications or “ variations ” of the 
older vi(^w. Of all the views })ut forward sineo 
Darwin’s, this is the most far-reaching. It 
threatens a rc'volution in biological thought 
almost as grc'at as that which follow"cd the 
enunciation of Darwinism. 

Evidences for the Mutation Theory. 
l)c Vries has proved (experimentally that 
these larg(‘ variations frt‘(juently oeeur, and, 
iimre than that, lu' has jiroved that tlu'v breed 
true to thems(.'l\('s. In otlier words, h(‘ has 
shown that theij’ origin is in the germ -plasm and 
not in th(^ body, or soma. His theory does 
not involved a belii'f in tlui transmission of 
aequin'incuits, sinci^ he (hails with gc'rminal, not 
somatic, variations. Like'! Darwin, he depends 
upon natural st'Ieelion for the mode of operation. 
Darwin bas(‘(l Ids theory largely on the ])ractice 
of breialers in selecting artilieially Dc? Vries 
shows that this arlitieial se'leetion depe^nds 
largely, if not entirely, on the sc'h'clion of tliest? 
lurtjf’ variations, or ‘‘ mutations,” aiul his view 
is continnetl by experinu'iits made in this 
country by IJurst. who lias used rabbits and 
plants for this purpose. The opinion is 
gradually gaining ground that organic evolution 
is in the main due to tiu'so mutations rather 
than to small \ aria t ions. 

It is only right to add that Hateson, of 
Cambridge, was the first to point out the im- 
portance of th('S(} '‘discontinuous variations” 
which D(^ Vrit's ti'rms “ mutations.” The 
existence of thiuii was noted by Darwin, but lie 
rcgard(‘d them as of comparatively little im- 
portance, as those known to him were chiefly 
monstrosities. »Sinc(i that time we have learnt 
a great deal more about their nature and fr(i- 
queiu^y of occiii ience. 

It is never safe to jnophesy, but we venture 
to think that in tlui future the origin of new 
species by mutations will be recognised as a 
most imjiortant, if not the most important, 
method of organic evolution. 


Continued 
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LATIN By Gerald K. Hibbert, M.A. 


Sk(!tio.s I. UMA.M.MAI{ 

Irregular Verbs : Second Conjugation 

The most imjjortant cxc(‘pl ions to tlio n'^ulai* 
formation of -?/? and -itiim are : 

PerfiiCi -j/. Supine -/am 
deleo delcre delev i deltduni hlctoiit 
(Soalso/7/o - wee]), and <511.) 


IVrfeet Supine -/aa*. 


doceo 

doeeii* doeui 

floctum 

teach 

miscen 

niiscere ini.scui 

mis him 

mi.r 

teneo 

teiUTc temii 

tentum 

hold 


Perfi'ct -si, Sii|)ine -/um. 


augeo 

augere auxi 

mietum 

Im r< asp 

torqneo 

torquere torsi 

tortum 

fivi.'l 

111 geo 

luge re luxi 

— 

mourn 


J*erfeet -v/, Suj 

line -suni. 


mulceo 

m nice 115 mulsi 

mulsum 

soothe 


Similarly, ardm (tak(' lire), n'fha (Imieli), 
snadeo (advist^), inanen (remain), jitht'o (ord(‘r, 
perf. jussi), fnrrro (stick), fnJtjeo (glitter). 


Pcj’foct ruJu plii'dtvs. Supine -.yaa/. 


mordco 

-ere 

momordi 

morsum 

bite 

pendeo 

-ere 

pejumd 

i 

jH'tisum 

hauq 

sporidco 

-ere 

spiqamdi 

spoils um 

pledqe 

tomleo 

-ere 

toloiuli 


tonsum 

shear 


W 

'rlVel -i. 

SujiiiK? -sutu. 


piandeo. 

-ere 

pruiuli 


])raiisum 

dine. 

sedeo. 

-ere 

sedi 


sessum 

sit 

video, 

eie 

vidi 


visum 

.<ee 


Pi 

.‘rfecj 

Su])ine -turn. 

beware 

eaveo. 

-erc' 

cavi 


ciiulum 

favco, 

-ere 

favi 


faiitum 

favour 

foveo, 

-ere 

fovi 


fotiim 

cherish 

moveo. 

-r*r<‘ 

moN i 


motum 

more 

vovco. 

-ere 

vu\ i 


votum 

row 


[Notice that most of our Knglisli nouns are 
derived from Supines — e.f/.. torture, tonsure, 
vision, session, ide.) 

Also tiiroe d(*i)onents : 
fatcor fateri fassus confess 

misereor misoreri misertus have pitt/ on 
or iniseritus 

r(‘or rcri ratus think 


The Roman Calendar 

Names of the Roman months (all adjectives) : 


Quintilis, e {or Julius) 
Sextilis, e (or Augustus) 
September, brls, bre 
October, bris, bn* 
November, bris, bn; 
December, bris, bre 


Januarius, a, urn 
Februarjus, a, um 
Maitius, a, um 
April is, 0 
Maius, a. um 
Junius, a, um 

[The yerr originally began with March ; 
thorofpr4:^J^ly was the fifth, September tho 

11 ®/. 


s(‘ventb inorilh, and so on. Quintilis and 
Serfiliu wen? lati'r ndlcd Julius and Aitgustvs 
in honour of Julius Ciesar and the Emperor 
Augustus.] 

Rvt'iy Roman month liad three chief days : 
h/ilendtv, -arum (Calends) ; Xona\ -arum 
( \ ones), / d us. Id u um ( I des) : all throe fern inine. 
The Cal(‘tids wore always on the I si : the Nom^.-i 
usually on the r)th, and the Ides usnally on tlu' 

l.'Ub. Rut in March, May. July, and October, 
the Nones and Ides wore two days later — i.e., 
on the 7tb and loth ri'speetively. 

Erom tiu'se days the Romans counted hack- 
nards, tli«‘ days Ixdweeu the Isl and the Nones 
b(‘ing ivekontcl as st) many days before thc^ 
NoiU's ; tlu‘ days between Nones and Ides, as 
so many days befme the Jd(‘s ; and tlu* remain- 
ing days of the month as so many days before 
the t'alends of the next month. 

1. Wlu'n llu“ <late falls on one of the three 
chii'f days, the dale is ])nt in tlie ahl., the month, 
of eoiirsi*, agT(*eing witli the noun. 

Jan. 1st KnJendls Januariis. 

March loll), Idihus Martiis. 

Nov. 5th, Situis Xorembrihus. 

2. 'I'he day immediutely preel^ding any of 
these tluee reckoning points was called ‘‘ pridic 
(f.c., priore di(*), followed by the acc. 

Jan. .‘list. Pridie KaJendas Vebruarias. 

Apl. 12th. Pridie Id us Apriles. 

Get. (Uh. Pridie Nonas Octobres. 

3. In any other date, we find out how many 
days it is before the ne.xt Calends. Nones, or Ides, 
(remembering to count in both the date in 
•juestion and the Calends, etc.). Thus, Jan. 30tli 
is the third day before tin* Februarian Calends, 
and wovdd l)e in Latin ante diem tertimn Knlendcs 
Pebrunrias. 

Further examples : 

Dec . 2nd . A nte diem q uart um Nonas Dectnibres. 

March Jtitb. a.d. septimum deeimnm kalendas 
Apriles. 

These are usually written ‘‘ a.d. IV. Non 
Dec., and “a.d. XV^IL Kal. Ap.,” and so with 
the others. The original signification of this 
expression seems to have been “ l)efore (on the 
fourth day) the Nones of Decemlx^r,” the exact 
day being thrown in parenthetically, and 
attracted from abl. to ace. in consequence of 
following “ ante.” 

4. In Leap Year, Feb. 24th (a.d. VI. Kai. 
Mart.) waws reckoned twice, hence this day wa? 
called dies hissextus, and leap year itself, annm 
bissexHlis. 
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Sbotion n. COMPOSITION, 

The Subjunctive Mood. This is one 
of the most difficult subjects in Latin. English 
usage gives no guidance, and, in fact, the subj. 
is as common in Latin as it is rare in English. 
In the following sentences, for example, the 
words in italics would bo in the subj. mood in 
I^atin : “ It was so cold that the water froze ” 
(consecutive after nt). “ I asked why lie did 
this ? ” (indirect question). “ I fear that you 
are ill.” “ He said that the man who did this 
sliould die ” (dependent verb in Oratio Obliqua). 
“ There is no doubt that twice two are four.” 
Roughly, we may say that the indicative 
indicates a fact, while the subj. cxpn'sses 
” something which wo regard rather as a mere 
conception of the mind, as that which we 
purpose or wish to be a fact, or to which we refer 
us the result of another fact, or as stated on 
other authority than our own.” 

Usually, the subjunctive Ls usckI in certain 
classes of subordinate or suhjninexl clauses. Rut 
it is also used both in simple sentences and in 
the main clause of a compound senbuice in the 
following cases: 

1. To make a statement in a lu'sitating 
manner, sometimes called the poh ntiul moo(i. 
This is strictly a hyiiothetical subj. with the 
condition not formally expressed. 

Hoc dicere auaim = I would dare to say this 
(if I were allowed). 

Vix credidcrim = I can hardly believe. 

Hoe facias velim — 1 would liavo you do this 
(** ut ” understood with ” facias ”). 

2. To ask a question, rhetorically, not 
for information ; sometimes called dubitativo 
questions. Usually a negative answer is 
expected. 

Quis credat ? = who would believe ? 

Qaid ego facerem =: what was I to do ? 

3. To express a wish or desire (optative or 
jussive), often with utinam ( = would that !). 
Niegative ne. 

' Utinam adfuvisset = would he had been present ! 

jDt Carthaginem deleant — may the gods destroy 
Carthage. 

Ne transieris Iherurn — do not cross the Ebro. 
(In ii'^ative commands, use the perf. subj., not 
the imperative. Or else say noli transire ^ bo 
unwilling to cross.) 

Only in these classes of sentences is the subj. 
found in simple or principal senUmces. In all 
the rest it is in subordinate sentences. Including 
those given above, there are eight main uses 
of the subj. mood : 

L Hypothetical ; see No. 1 above. In these 
i^tences the protasis (i.e., the if clause of 
a, conditional sentence) is suppressed. 

2. Conditional — e.g., 8% jusaissea (protasis), 
hdiaam (apodosis) ~ if you had bidden, I should 
nave ditme it, 8% adaia^ facturua mm ~ if you 
should be there,*^I mean to do it. 

. 3. Optative, jussive, or concessive (see No, 3 
atk>ye). The im^rative is the language of an 
alNK)iute master ; the subj, is a suggestion to an 
equal w snpenor.*’ 


In concessive sentences, a person rhetorically 
commands or supposes a change of what ho 
knows or believes to bo the fact. 

4. Final, expressing purpose (negative ne). 

(а) In adjectival sentences : Dignus eat qui 
lincut = ho is worthy to conquer. Mitto 
qui dicut I send someone to say. 

(б) Jn sentences introduced by ut (in order 
that), ne, qmu qmmiinu.^, quin : Ede nt 
vira.H -- cat that you may live. No7i vixU 
nt exleret ■ he did not live to eat. 

(r) In sentences of time or condition, with 
(him, dwimodn. (hmec, prinsguam, etc. 
Oderint duni mduant let them hate pro- 
vided th(‘y fear. 

(bnsoeiitive, expressing result ; usually 
with ut — so that (negative, ut mm ) : Tam 
dehilis snni ut non ambulare passim ~ I am so 
feeble that I cannot walk. Is sum qui Hind 
faciam - 1 am the man to do that. 

6. 8ubj. of attendant cireumstancTS : Quai 
qmnn ita sinf, hue diro ~ under these circum- 
stanc(‘H (lit. since which things are so). 1 say this. 
Peccarisse rid for qui Hind fecerim ~ I seem to 
have sinned inasmuch as I have done that. 

7. 8ubj. of reported stahanents, comprising 
sentences of definitions, reasons, and questions, 
which are given not as the speaker s oivn, but iia 
someone else’s. 

(.‘ontrast ” l..audat ])ucrum (piod fuit absti- 
iiens ” (the reason alleged being given on the 
speaker's own authority) with “ J^audat puerum 
quod fuerit abstinens ” (the reason Ixnng a 
reported or assumed one, “He praises the boy, 
iK'cause he undiu’stands boy to be abste- 
mious ”). 

8. Hubj. lM.‘causc* dependent on another subj. 
or infinitive. In all such sentences the sub- 
junctive simply prevents the speaker from being 
supposed to be responsible for the statements, 
etc., ri'porfed, or to bo giving them as independ- 
ent assertions. To this head, of course, belongs 
the subj. in Uratio Obliqua. Examples : 

(a) Depending on infinitive : 

Dicit cos qui boni essent beatos ease (he says 
that those who are good are happy). 

{b) Depending on another subjunctive : 

Petit ut iis qui adfuerint credamua (ho asks 
that we should believe those who were 
present). In such a case as this it is often 
said that adfuerint is attracted into the subj. 
by credafnns. 

To BK Turned into Latin Prose. 

THE FUNERAL OF OLIVER CROMWELL. 

By Abraham ('owley. 

It was the funeral -day of the late man who 
made himself to be called Protector. And 
though I bore but little affection, either to the 
memory of him, or to the trouble and folly of all 
public pageantry, yet I was forced by the im- 
portunity of my company to go along with them, 
and be a spectator of that solemnity, the ex- 
pectation of which had been so great that it was 
said to have brought some very curious persons 

1183 



IhlMQUAQES -CNQLfSH 


(and no doubt fiing\dar vii luosos) as far as from 
the mount in Cornwall and from the Oroatles. I 
found tliere had f)ecn much more (‘ost bestowed, 
than either the dead man, or indeed death itst-lf, 
could deserve. Tliei(i was a mighty train of 
blaek assistants, iimong which, too, di vtus princes 
in the persons of their ambass.ulois (beinsT 
intinitely nltlieted for the loss of their l)rolher) 
weie plc'ased to attend ; tlm hearsi^ was magnifi- 
cent, tht‘ idol crowru'd, and (not to uuaition all 
other eeremonies which are practised at royal 
interments, and therefoo' hy no nuams could l)c 
omitted hcr(') (Ik* vast multitude of sj)eetators 
ma<le up, as if uses to d(». no s?nall part of the. 
speetaele itst'lf. 

Latin Version or the Above. 

Dies erat <(Uo infen*l)antiir tiimulo relitjuif© 
illius (|ui Proteetoris nonu'n (x'eiipavenit. Me,'* 
(juamvis” necjue' viri" inemoriie’'^ neejue'’ 
operosic’ ' puhlicaninr * S(dlemni(atum"* vani- 
tatis’* admodum^ stndiosum'', perpulere* tamen' 
soeiorum- preci s' ut euiu iis spi'ctaiein pom}mm 
illam, qua' tain eupide jamdudum fuerat ex- 
peetata. ut nonmdii euriosiori's, liiiiatissinu» 
nimirum ingenio hoiniues, usqui* a mont ' apud 
Cornuhios et ah (headihus insulis riscmli lathsn* 
in urbem progressl essenl. Intellexi muKo plus 
in funus erogatum essi* (juam promortui meritis, 
imrno ])ro mortis ipsii'< dignitate. Tngens jaiL 
latormii orclo. assistentihiis (liam ipiibusdam 
legatis, qui ri‘gum personas fratrein summo 
studio dcsidmantium sustimTi'nt : feretrum 
spleiididissimum ; eoronata etiigies : dimique, 
nc omnia, alia eommemorem qua*, utpote in 
regurn funeribns sollernnia, hie iiullo modo 
omitti poterent, pars hand exiguii speetaculi 
fuit, ut fit, vast a spirtantium multitudo. (J. 
Conington.) 

Section J 11. TK ANS LATH )\ . 

A Letter from ( 'icero to his Friend Atticds. 

Written in March, b.o. 40: 

l^ndeeimo dio postijuain a te diseess(‘ram, 
hoc iilterulanim exaravi (’grediens o villa ante 
lucem. atque eo die eogitaham in Anagnirio, 
postero autein in Fuseulano ; ibi iinum diein. 
V'. Kalend. igitur ad eonstitutum ; atque utinam 
continuo ad oomplexum mejo 1\illia^, ad oseu- 
lum Atticfc possiin currere ! quod quidein 
ipsum scribe, (|ua.*so, ad me. ut, dum consisto 
in Tusculano, seiani quid garriat. sin rustieatur, 

* Caum is an al»l. for the sake (or pur- 
pose) of ; it follows the word wliieh it govenis. 
Here translate “ for the jiiiipo.se of .seeing.” 


quid scribat ad te, eique interea aut scriln's 
salutem autnuntiabis, itemque Pilisc. Et tamen, 
etsi eontinuo congr(‘s,suri sumus, scnl)os ad mi*, 
si ipiid halK^bis. 

Cum com plica rem hane epistolam, noetua- 
bundua ad mo venlt cum epiatola tua tabellarias, 
qua leeta de Attica> febrieula scilicet valde 
clolui. Keliqua, qiue exspeciabam. ex tuis 
litte.ris cognovi omnia ; sed quod scribis “ igni- 
enluni matutinum gerontikon ” (a Greek adjec- 
tive, meaning “ oharael eristic of an old man ”), 
gcrontikoteron (comparative) est memoriola 
vacillarii : ego enini TV. Kal. Axio dederam. 
tibi in., Quinto, quo dio vcnis.sem, id cst prid. 
Kal. Hoc igitur liabebis, novi nibil. Quid ergo 
opus erat epistoln ? Quid V cum coram sumus 
et ganimus quicquid in buecam V Est profecto 
quiddam ” leseho ” (gossip), qua> habet, etiam 
si nihil Hubi'st. eolloeutione ipsa suavitatem. 

English Version of Above. 

Eleven days after k'aving you, 1 am scrawling 
this bit of a. note as J am starting from my 
eountry-bouse before dawn. I tliink of being 
at my villa, at Anagnia to-day, and Tusculum 
fo-mori’ow'. Only om* day there, so I sliall 
turn up to timi' on the and, oli that I 

could run on at onei* to emhrace my Tidlia and 
give Attica a. kiss ! As to this vt*ry thing, do 
w'ritc me, 1 Ix'g you, that while T am stopping 
at Tusculum I may know what she is prattling, 
or, if she is in the country, what she. writes to 
you ahout. M(‘an while*, either send or give her 
my lov<*, and also to Pilia. Yet even though we 
shall meet immediately, w rite to me if you have 
anything to say. 

P.S. Wh(‘n J was fastening up this letter, 
your courier reached me after (ravelling all 
night with your letter, f am very sorry, you 
may he sure, to hear, on Heading it, about 
Attica’s fiiver. All the other news 1 was waiting 
for J now know from your letter, but when you 
wuite that ” to want a little five in the morning 
is a sign of old age,’* T retort ‘‘ it is a surer sign 
of old ago that one’s poor memory should 
falter.” For I had intended to spend the 29th 
with Axius, the 9()th with you, and the lUst with 
(Quintus. So take that for yourself : you shall 
get no news. ’Phen why write, you say V And, 
pray, what is tlie use of our chattering when we 
are together and saying whatever comes to our 
tongues ? Surely there is something in a good 
gos.sip after all : for even if there is nothing in 
it. the very act of our talking together has a 
charm of its own. 


('ontimifd 


ENGLISH 

ADVERBS 

Just as adJiTlives qualify nouns, so adverb.s 
modify or limit verbs - as, ” Agag came unto 
him delicaltly.'' “ He gives /htcc who gi\es 
quickly.*' This usage has been extentled, and 
adverbs oaii now modify adjectives and other 
adverbs in' addition to verbis, as; “Too many 
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By Gerald K. Hibbert, M.A. 

cooks spoil the broth ” {tfjo modifying tho 
adjective numy). “ He struck me very for- 
cibly ” (one adverb very modifying another, 
forcibly). 

Adverbs, like adjectives (from which they 
are mostly formed), are usually classified 
according to their meaning : just as W’c divided 
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ivdjeotiyes into Qualitative, Quantitative, and 
Relational, bo we con divide adverbs. Thus : 

1. Advbebs Quality; Well ill, badly, 
and all the adverbs in 4y derived from ad- 
jectives ; how, however, so, as, likemse, ete. 
(sometimes called Adverbs of Manner). 

2. Adverbs op Quantity : 

a. Degree : Very, nearly, almost, Uh)^ quite, 
enough, rather, much, more, most, little, less, 
least, only, hut, just, even, any, the (as in 
“ the more the merrier ”). Also the adverbs 
of Affirmation and Negation : Not, no, 
nay, aye, yen, yes. 

h. Repetition of Time— as, once, twice, thrice, 
often, seldom, always, ote. 

3. Adverbs op Relation, showing 

a. Time Now, then, after, before, soon, ago, 
instantly, etc. 

Ih Place and Anangoment : Firstly, secondly, 
thirdly, here, there, hither, thither, hence, 
thence, inside, outside, itp, down, etc. 

c. Cause and Consequence : Why, therefore, 
wherefore, accordingly, consequently, etc. 

Tt will he noliced that some of the words 
aj^pearing in this list of advor})s ha ve previously 
appeared as other [)arts of speech. As for 
example, was included under Relative Pronouns ; 
and much, little, no, any, were included under 
adjectives. To determine what jiart of speech 
a word is in a given sentence, we must consider 
the purpose it. serves. Thus, “ This is the same 
as that ” (relative pronoun - This is the 
same which that is”); he went out, he 
Avept bitterly " (ndvcrl) denoting the time of 
the action). Again, Give him no peace ” 
(adjective), “This is no better than that” 
(adverb). Similarly, ynnch, little, and any 
i}efore comparatives are adverbs. 

Formation of Adverbs. 1. From 
Adjectives. Most adverbs are formed by add- 
ing 4y to the corresponding adjective — e.g., 
wild, wildly ; cheerful, cheerfully. The termina- 
tion 4y ( like), is the Anglo-Saxon termina- 
tion 4ic (adjective), lice, (adverb). 

Adjectives ending in y preceded by a con- 
aoi^nt change y into % before ly — e.g,, hearty, 
hedHily ; speedy, speedily. Shy is an excep- 
tion, making shyly, not shily. The adjective 
gew, which should strictly have gayly as its 
adverb, now' usually makes gaily. 

^jeetives ending in 4e change the e into y — 
c.g^^nable, nobly ; horrible, horribly. When the 
adj^ictive already ends in 4y the same form is 
generally used for the adverb — e.g., the adverb 
of godly m i^ually godly ( “ We should live soberly, 
righteously and godly in this present world,” 
Titus iL 12), though godlily is sometimes used 
nowadays. So also likely ; “a likely story ” 
^jeotave) i he will very likely come (adverb). 
Other . ^verba . derived from adjectives are 
' tytwt, iwict^ thrice (for ones, twyes, thries), una- 
fUul^, Some adjectives, in addition to 
those in -ty, are as adverbs without 
Urua /oaf,” “stand 


/2rw,” “ strike deep,'" “ prelty good,” “ Think 
not so slight of glory ” (Milton), 

2. From Nouns. Needs (as in “ If 1 must 
needs glory ”), whiles, sideways, lengthways, 
straightways, noways, aro genitive eases of 
nouns. Whilom (“ at Avhile.s,” “formerly”) 
and seldom arc dative cases plural of hwil ( — 
space of time), and seld ( - rare). Other adverbs 
derived from nouns are headlong, sidelong, 
piecemeal (mael " part), inchmeal (“ All the 
infections that the sun sucks up ... on 
Prosper fall, and make him by inch -meal a 
disease!” — Tenipe.st), limb-meal (“O that I had 
her here to tear her limb-meal ” — Cymheline), 
sometimes, always, perhaps, otherwise, midway, 
etc. Many adverbs arc compounds of the pre- 
position a (meaning on) and a noun, as afoot, 
abreaM, aside, asleep ; while some are com- 
pounds of other i)repositions with nouns, as 
betimes (by times), besides, indeed. 

3. From Pronouns. Thu.<i, then, than ; here, 
hither, heuee ; there, thither, thence ; where, 
whither, whence ; why. how (for whow), .and all 
the other adverbs formed from the Relative 
Pronouns, such as wherefore, whereat, wherein, 
whereby, etc. 

These adverbs, that aro dorivinl from the 
Relative Pronouns (with the addition of ns and 
in), are Connective or Conjunctive, adverbs ; 
th.at ivS, they retain tlie conru'ctive power which 
wo hav(? seen belong to Relative Pronouns. A 
C'onneclivt'. adverb introduces a subordinate 
clause, and moditics the predicate of this clause. 
There is always an antecedent expiessod or 
understood in the principal sentence ; thus, 
“ He fell full length, whereat the bystanders 
laughed immoderately ” {whereat modifies 
laughed ; wc know it to be a (Connective or 
Relative advm'b because we could substitute 
“ and thereat ” for it). Again, “ And now, too 
soon for us, the circling hours This dreaded 
time have compassed, ivherein avc Must bide the 
stroke of that long- threatened wound ” (Paradise 
Regained). 

Here we could substilute “and therein” for 
“ wherein.” The antecedent hero is time ; 
in the previous illustration the antoci‘dent is 
“ the fact of his falling.” Those (yormectivc 
Adverbs must be distinguished from (\Anjunc- 
tions. 

Negative Adverbs. Not is shortened 
from mmght or naught, and literally means 
“ in no whit, in no degree.” In (^Id English, 
ne ( -- not) is employed before the verb, and a 
form corresponding to naught after the verb, 
the tAvo negatives strengthening each other ; 
thus, in Robert of Gloucester’s (Hirmicle 
(a.d. 1208) we find “ Ne be thou naught so 
stnrne ” (“ Be thou not in any way so stern ”), 
and in Chaucer’s Canterbury Tales we have 

“ There Avas also a Doctour of Physik, 

In all the world ne Avas there none him like.” 

Also “ Nor hath not one spirit to command ” 

(Tempest). 

In modern English, two negatives, so far from 
strengthening each other, neutralise each other, 
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although Matthew Arnold follows the old usage 
when he writes : 


w “No easier nor no quicker pass’d 
^ The impracticable hours/’ 

No and nay are from na, meaning never, while 
aye (affirmative) is from a, meaning ever (cf. 
for aye, meaning for ever. “ This world is not 
for aye,” Hamlet). Yes is from Anglo-Saxon 
gese or gea, yea, and sy (subjunctive mood, 
meaning “ let it be ”). 

Comparison of Adverbs. Most adverbs 
are compared by prefixing more and most to 
the positive, as ivillingly, more willingly, most 
willingly. But a fi*w, and especially those 
which have the same form as the correspond- 
ing adjectives, are formed by the suffixes 
-est: as: 


Positive. 

Comparatwe. 

Superlative. 

firm 

firmer 

firmest 

fast 

faster 

fastest 

soon 

sooner 

soonest 

early 

earlier 

earliest 


I’he following are irregular (see “ ( kunparison 
of Adjectives ” on page 440) : 


Positive. 

well 

badly, evilly, 
or ill 
much 
far 
forth 

nigh or near 


Com paratir*'. 
bet ter 
worse 

more 

farther 

further 

nearer 


Sv perlative. 

best. 

worst 

most 
farthest 
furthest 
( nearest 
• next 


Positive. 

late 

[rathe, adjec- 
tive] 


Comparative. 
r later 
i latter 
rather 


— ere 

lief liefer 


Superlative. 

latest 

last 


erst 


Rathe meant quick, early ; Rather, therefore, 
means quicker, earlier, sooner. Thus, in Piers the 
Plonman, by William Langland (a.d. 1362), we 
find it used as an adverb : 


“ Let not thi luft bond, lat<* ne rathe, 

Beo war what thi right bond worcheth or 
deleth.*’ 

(“ Let not thy left hand, late nor early, be 
aware of what th}'^ right hand worketh or 
distributeth. ') 

Also Milton in Lycidas has “ the ralhe prim- 
rose ” (adjective). Rath is still used in the Sussex 
dialect, as “ Happens you were up rath this 
morning ” (adverb), ” She is given to taking 
long rambles in the rath morning ” (adjective). 

Ere is the Anglo-Saxon aer, a comparative 
adverb of time. It is now used mainly as a 
conjunction. Erst means formerly, and is 
shortened from aerest. 

Position of Adverbs. Adverbs are 
usually placed as near as possible to the words 
they modify, and generally before an adjective 
or other adverb, and after a verb. For emphasis, 
however, an adverb may precede the verb, and 
even stand as the first word of a sentence. 
The poets take liberties with adverbs, and place 
them as they like ; thus. Milton writes : “ The 
rest .... will far be found unworthy to com- 
pare with Sion’s songs,” instead of “ far un- 
worthy.” This usage should not bo imitated. 


Continued 
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By Louis A. Barbe, B.A. 


THE VERB 
First Conjugation 

The first conjugation consists of verbs of whieli 
the infinitive ends in er : aimer, to love, like ; 
donner, to give ; garder, to keep ; marcher, to 
walk ; regard er. to look : represent er. to repre- 

flont. 

The ending'^ of all regular verbs of the first 
conjugation in the present indieative are : e, ee, 
p. ons. ez, ent . 

.t fjirmativehf. 
i'aime. I love 
tu aimes. thou lovest 
il aime. he loves 
pile aime, she loves 
nous aiinons. we love 
vous aimez. vou love 
ils aiment. they (m.) love 
piles aiment, they (f.) love 

Negatively. 

je ne donne pas, T do not give 
tu ne donnes pas. thou dost not give 
il ne donne pas, he does not give 
elk ne. donne pas, she does not give 
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nous ne donnons jms. we do not give 
rous ne donner'. pas you do not givo 
ils ne donnent pas, they fm.) do not give 
elles ne donnent ]ms, they (f.) do not give 

The syllable ent ot the third person plural is 
mute. 

Exeuctse VI. 


Vocabulary. 


vn a p petit, an appetite 
un arhre. a tree 
une avbepine, a haw- 
thorn 

un aubour, a laburnum 
en automne, in autumn 
la baie, the berry 
(ebdtiment, the building 
le lord, the edge 
le. bout, the end 
la hrehis, the sheep 
la campagne, the 

country 

la cerise, the cherry 
le cerisier, the cherry 
tree 


la clairrette the cart 
le chaume, the thatch 
Ip cheval, the horse 
le clocher. the steeple. 
la colline, the hill 
le contrevent, the shutter 
la cour, the courtyard 
la couverture, the cover 
le evdainier^ the eook 
une eau, a water 
une ecAirie. a stable 

(for cattle) 
une eglise, a church 
en He, in summer 
une Hable, a stable 

(for horses) 
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un exercice, an oxerciae la ville, the town 
la faimt tlie hunger une yeuse, an ever- 
la ferme, the farm green oak 

le fesUn, the feast la voiture, the carriage 
la feutlle^ the leaf a^greable, pleasant 
la fille, the girl beau, fine, beautiful 

le fruit, the fruit blanc, white 

h facteur, the postman bon, good / 

la girouette, the vane clair, clear 

la gravure, the doux, sweet 

engraving frais, fresh 
Vherbe (f.), the grass fin, delicate, dainty 
en hiver, in winter grand, big, tall 
un homme, a man gai, cheery 

U houx, the holly haul, high 

le. jardin, the garden joli, pretty 
la jument, the mare large, broad 
la laine, the wool luisant, glossy 
le I ait, the milk imir, ripe 

le lanrier, th e laui’cl - 1 rco no uveau , new 
la lettre, the letter nu, bare 
h Uhl A, the lilac piquant, prickly 

le magasin, the shop plein, full 
le mets, the dish (food) propre, clean 
la neige, the snow rouge, red 
le pre, the meadow mroureux, luscious 
la pertionne, the person triMe, dreary, sad 
la poire, the jf)ear utile, useful 

le j[mr{er,i\\e pear-tree rert, green 
la pimime, the apple rieux, old 
le pomrnier, the apple- garder, to keep 
tr<‘e ye prends, 1 tak(' 
le i)ont, the bridge je. mis, I go 
au printemps, in spring je vois, I see 
le re.pas, the meal d, at, to 
la rue, the street au deld de, beyond 

le reverbhe, the street- de, of. from 
. lamp derriere, behind 

la riviere, the river devant, l)efon% in 
le sac, the bag front of 

the mountain- par, through, by 
V;,: ash panui, amongst 

la terre, the ground aussi, also 
le troltoir, the footpath piusieurs, several 
la luche, the cow ton jours, always 

le vewer. the orchard quand, when 
1 Sbk through the window. In front of the 
window there is a large garden. Jn the garden 
there are some trees. Amongst the trees there 
arc a fine laburnum, a pretty lilac, a hawthorn, 
an evergreen oak, and a mountain -ash. There 
are some laurel-trees. They are always 
green^sThe evergreen -oak also is always green. 
In autumn the mountain-ash has berries. They 
are red. In winter the holly has berries also. 
The leaves of the holly are glossy and prickly. 
Til spting the holly and the mountain-ash have 
no berries. Beyond the trees I see a bridge. 
Under the bridge there is a small river. The 
water of the river is fresh and clear. Beyond 
the' bridge there is a broad street. The street 
has two footpaths. At the edge of the foot- 
paths there are some street-lamps. In the 
street there are several persons. They walk 
on the* footoath. One of the persons is a 
postman. He has a bag full of letters. There 
are ateo a oarriage and a horse. There is no cart. 
At the en4; of the street there is a church. It 


has a fine steeple. The steeple is high. It has 
a vane. The church is not old. it is new. From 
the window I go to the table. I take a little 
book. The cover of the book is blue. In the 
book there are some pretty engravings. One of 
the engravings represents a farm. The farm 
is in a large courtyard. It has a stable-for- 
horses and a stable-for-cattle. In the stable- 
for-cattle there are cows. The cow gives milk. 
The stable is the horses’ house. The stable is 
not a largo building. In the stable iherc arc 
a young horse and an old mare. Near the farm 
there is a meadow In the meadow there are 
.<<hcep. A little girl keeps the sheep. The 
sheep gives wool. The wool of the sheep is 
useful to (the) man. Beliind the farm there is 
an orchard. In the orchard there are apple- 
trees, pear-trees, and clicny- trees. (The) 
appl(‘s are the fruit of (he apple-lrec. (The) 
apples art' good wlu'n they are ripe. (The) 
cherries are the fruit of the cherry-tree. They 
are sweet. (The) j)ears arc luscious. I like 
the country, in summer I go to the country. 

I have a little house on a pleasant hill. It is 
v,hit<‘. 'Phe sluitters are green. ’Phe roof is 
of thatch. It is clean and cheery. In (at) the 
eouutry (the) (‘xercisc giv(‘s a new appetite. 
(’Phe) hunger is a good cook (f.). 'Phe dishes 
are dainty. The meals an* f(*asts. In winter 
I do not like tlu' (ountry. It is bare and 
dreary. The trees have no l(‘aves. "Phere is 
snow on th(‘ ground. Jn winter I like the town. 

FORMATION OF THE PLURAL ’ 
Nouns and Adjectives 

Nouns and adjcctivt's form their plural in the 
same way, and a(!Cording to the following rules : 

1. To form the plural of nouns and adjectives, 
add s to the singular : Ic linre, the book, les 
livres, the hooks ; un enfant poU, a polite child, 
des enfanis polls, polite children ; la belle orange, the 
fine orange, les belles oranges, the fine oranges. 

2. Wlieii the singular ends in .v, x, z, there is 
no change for the plural : le fils, the son, les 
fils ; hi roix, the voice, les i'(nx ; le nez, the 
nose, les nez ; un fils d-oux et sournis, a gentle 
and dutiful son, des fils doux et sournis. 

3. When the singular ends in au, eau, eu, the 
plural is formed by adding x ; le noyau, stone 
(of fruit), les noyaiix ; le bateau, boat, les 
bateaux ; le feu, fire, les feux ; un litre kebreu, 
a Hebrew book, des livres hebreiix. The noun 
landmi, landau, and the adjectives bleu , blue, 
an3* late (deceased), take s for the plural : 
un landau bleu, a blue landau, des landaus bleus ; 
le feu prince, the late prince, les feus princes. 

4. TTie following seven nouns in ou also take 

X for the plural : bijou, jewel ; caxllQU, pebble ; 
chou, cabbage ; ^emu , knee ; ^ Jwou , owl ; 
“^Swou, toy ; you , touseT All other llouhs in ou, 
and all adjectives in oa take s: le clou, nail, 
les clous; /eyerro^^ un corps 

mou, a 8of€*1bo(fy, des corps mous ; un prix fou, 
an extravagant price, des prix fous. 

6. When the singular ends in al, the plural is 
formed by changing al into aux : le nud , evil, 
ache, le^mgata.^ le cheval, horse, Je s 
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% tribunal t les tribumux ; un conseil atnictd, 
.Mendly advioe« des conaeils amicaux ; Vin^inct 
brutal instinct, les instincts hrutaux. 
^fix^ptions ; The following (a) nouns and (b) 
adjectives take s for the plural: (a) aval, 
endorsement ; bal, ball (party) ; foZ, callosity ; 
carnaval, carm^'; jJiaccU, jackal ; noj^f, nopal 
(Indian tig) ; jga/, pale ; rectal, treat ; (b) Jatal, 
glacial, jovial, magistral (mastery), 
mmrm (matutinal), mental, mitnl, naval, penal, 


6. The nouns in ail in common use arc nearly 
equally divided between (a) those that form 
their plural by changing ail into aux, and (6) 
those that only add s. 

(а) Bail, lease, baux ; corail, coral, cmaux; 
cr/wi^^'enamcl, hnaux ; soupirail, air-hole, 
spupiraiix ; vaniail, leaf of folding-door, 
vgmtaiix ; vitrail, stained -glass window, vxtraux. 

(T) Camail, bishop’s capo, ca mails ; detail, 
detail, details; evenfail, fan, hexUails; gouvernail, 
rudder, gouvernails ; jjoitrail, chest (of horses), 
poitrails f jportail, porch, jHjrtaih. 

7. The plural of some nouns offers peculiarities 

and irregularities : (a) meul in the singular 

means grandfather, and has aieuls for its plural : 
il a deux aieuls, he has two grandfathers. It 
Kas^a' second plural form with the meaning of 
ancestors : il a des aieux nobles, he has noble 
ancestors. In this second sense the word is 
never used in the singular. It is customary to 
say “one of the ancestors,” instead of “an* 
ancestor.” 

(б) Ail, garlic, has two plurals, ails and aidx. 
Botanists prefer the regulai* form : la famille des 
ails, the garlic family. The irregular form is 
more commonly used : il y a des anlx cultives et 
des aulx sauvages, there are cultivated garlic 
plants and wild garlic plants. 

(c) del, sky, heavens, usually has the plural 

deux : 4^^ deux, the heavenly vault. 

When cid> is used (a) to indicate the skies of 
pictures, (b) as the equivalent of climate, or (c) 
in a figurative sense, its plural is dels : (a) il 
peint de hexiux dels, he paints beautiful skies ; 
(5) la Gr^e et Vltalie sont situees sous de beaux 
del^, Greece and Italy are situated beneath 
l^autiful skies ; (o) des dels de lit, bed testers. 

(d) (Eil, eye, usually has the plural yeux : elk 
beaux yeux, she has beautiful eyes. In 

compound words in which it is used figuratively, 
it forms its plural regularly: des adls-de-bauf, 
bullseye windows ; des wils-de-chat, eatseyes 
(precious stones). 

(e) Travail, when it means work, has the 

g lural travaux : des travaux manuels, manual 
ibour. When used in the sense (a) of a brake 
for shoeing vicious horses, or (b) of official 
reports to the head of a department, it forms its 
plural regularly. 

(/) no plural, and hestiaux has no 

^angular. Both mean cattle, and may be used to 
supplement each other. 

8. Some nouns have one meaning in the singu- 
lar and two meanings in the plural. The most 
usual of these axe; line arms, weapon, des 


I la defense, defence, les dif ernes, defences, and 
I tusks ; le fer, iron, les fers, differ^t kinds of 
t iron, and fetters ; la lunette, telescope, les 
lunettes, telescopes, and spectacles. 

9. Some nouns are used only in the plural. 
The most common of them are : 
les ayrh (m.), rigging frais (m.), expenses 
les alentours (m.), sur- funeraiUes (f.), funeral 
roundings immondices (f.), filth 


les ayrh (m.), rigging 
Us alentours (m.), sur- 
roundings 

Us hroussailles (f.), materiaux (m.), ma- 

brushwood terial 

Us dkombres (m.), mmuts (f.), morals, 

rubbish manners 

Us depens (m.), costs ohsh(ues (f.), obsequiei 
(m.), environs tenehres (f.), dark- 

fianQailUs (f.), be- ness 

troth al vivres (m.), provisions 

lliXERCISK VII. 

1. There are some beautiful books. 

2. The children are polite. 

3. You have some fine oranges. 

4. Boats have rudders. 

5. Peaches (pi die) and apricots have stones, 
fi. We have given prizes (prix) to the pupils 

(iUve). 

7. The doors have no bolts. 

8. The children's toys are broken (casse). 

9. The princess’s jewels have cost (codU) 
exorbitant prices. 

10. There are some cabbages in the garden. 

11. The shepherds (herger) tend (gardent) the 
flocks (troupeau). 

12. Horses arc useful animals. 

13. There are no jackals in England ( A ngUterre). 

14. The* churches (eglise) have beautiful 
stained -glass window's. 

15. Ihe generals have noble ancestors. 

16. We have no need of fans. 

1 7. Tlic little girls have blue eyes ( the eyes bjue). 

18. Tliey have given several (plusieurs) bUls. 

19. llie vault of the heavens is strewn with 
(parsemee de) stars (etoile). 

20. The works of men are perishable ( perissable). 

Kev to Exercise V. (page 907) , 

1. Il y a quatre saisons : lo printemps, -Fete 
I’automne, et Thiver. 2. Le printemps est la 
premiere saison de Fannie. 3. L’hiver n’efit pas 
la saison des fleurs. 4. En ete il n’y a, pas de 
neige. 5. Le mois de i)eccmbre est un des mois 
de Fhi ver . 6. La pommo est le fruit du pommier. 
7. n’a pas des fruits. 8. Le ch^e est 

un arbre, la bruy^ro est un arbrisseau. fib ^ 
y a un hetre et une aubepine derri^re la maison. 
10. Il a une prune, elle a un abricqt, et nous 
avons des cerises. 11. 11 y a un oiseau dana 
la cage. 12. Les enfants sont sur la plap* 
13. Le frdre et la soeur ont la rougeole. lA, ^ai 
une migraine. 15. Le mensonge est un 
16. La sentinelle n’est pas tNis^reorue. 17. 11 y 
a une gravure sur la premiere page du 11 vw, 
18. J’6Sis aveo la oraie. 19. Le marin et le. 
mousse aiment la mer. 20. La fin de lale^on. 
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GERMAN By P. G. Konody and Dr- Oaten 


Gender of Nouns, Adjectives, etc. 

XII. Of Feminine Gender aro: 

(а) Substantives denoting female persona [see 
VII. 

(б) Many animals of both sexes. 

(c) Nouns ending in ^ei, ieit, uik^ and 

{d) The names of most trees, except compounds 
with ?il5a!iui (m.) tree, which are always 
masculine [sec XI ]. 

(e) Inanimate objects ending in c. 

(/) Such words ending in dit, as aro formed 
from the correlative masculine by the 
addition of this suffix which denotes the 
female gender. (Masculine nouns ending 
in c in this case drop this letter, and in 
some cases the stem vowel is modified.) 
X)fr the king ; Die .Uouuvi«/ the 

queen ; tci* CMvaf, the count ; tic (^rapin, 
the countess ; tci* Vou'c, the lion ; bic Viurdip 
the lioness ; bci* the dog ; cic .t^fnib in, 
the bitch ; ter Svvum.''ic, the Frenchman, 
Dio the Frenchwoman ;l'fv IVnicp 

the peasant, lit' 'l^auVr in, the peasant- 
woman. 

(g) The wives of persons with academical and 
certain professional titles are generally 
addressed with feminised modifications of 
these titles. The wife of a doctor, pro- 
fessor, parson, councillor, major, etc., is 
addressed as Jviaii ^cctcv;in, 'lUcfciTov in, 
'ilfcu'vcrdu (t>a' '[Ifavvci', the parson), Jllatl) in 
(rev Ofatlv the councillor), iUajer' in. 

(h) The names of a f(!W countries, which are 
always used with the definite article 

Examples: (a) bic unttev, the daughter; 
nc ^dMvcjlev, the sister. 

(6) bic ^evdu’, the lark ; bic >>^uinc, the hyena. 

(c) bic 'Bd;nieid>clci', flattery ; bic ivvcii)cit, liberty ; 
bic Srcu'nb|d)vTiff, friendship ; bic (5'vi'micruUvV 
remembrance ; bic Sddnd't, the gorge, ravine. 

(d) tie the oak (but ber (Sid)baum, the 

oak tree); bic plan’d, i he poplar; bic t*ard)c, the 
larch ; bic Sicf}ti\ the pine. 

(c) bic itintc, the ink ; bic JlfoiP the rose ; bic 
CMiVe, the kindness, etc. Exceptions: ber Jtafe, 
the cheese ; b a d the eye. 

(h) bie Xurfei', Turkey; bic 'Sd)n?cip Switzer- 
land ; bic jtriw, the Crimea ; bie 3Jlol'cau, Moldavia ; 
bic SaKadbei'; Wallachia, etc. 

Of Neuter Gender are: 

1. (a) All words which ore not substantives, but 
are used substantively, and are therefore 
wntten with capitals. 

(6) Tke names of some countries and towns, 
which t^e the article ba^ when preceded 
by i^Jectivea. 

* ^eEFTioN • 3)cutfdj)c, the German, bie 
^^cut|<^c tie $etttf(^i»), the German woman, 


(c) All diminutives ending in -cfeiii and 4cin. 
[See Vll.]. 

(d) Most nouns ending in niip fal, and 4jim. 

(e) Many metals. 

(/) The majority of collective nouns with the 
prolix 

Examples: (a) bac Tauten (infinitive of a verb 
with a capital), the (act of) dancing ; bac< (fif)a'bcnc, 
the sublime (adjective used substantively) ; bvvc< 
'Ihcl'fvuf^c, the manifold (iiidolinitc numeral), etc. 

(6) bvXt' iViniivv JsUiTcn, surm> Italy ; baci uc'bcliiTic 
(^iii^hnib, foggy England ; baci iiucvmc'fUid'c Vcnbcii, 
immense London ; tac( vcidH‘ A^amtniv^, rich 
Hamburg. 

(c) bacs 'lUii'b lid' I’ll (diminutive of bev JiBvubcv), 
b.ii5 iHiittcvlcin (dimin. of bic 3}hittcr), bac* JiBliVmclcm 
or bae« ^IHumdH'it (dimin. of bie TMitmc, th i flower). 

(d) bad A^in'bciniip the obstacle; bail 2 d'iifTal, the 
fate ; baci .)hci'liipnm, the sanctuary. Exceptions : 
tic .ttf'inuniis (/.) the knowledge ; bic Tcaim'al (/.), 
the affliction, trouble ; ba’ Jllcid'tnm (7/1.) wealth ; 
and a few others. 

(e) bao (Wifi'll, iron; bvu’' lead; ba^ .fluvfcv, 
copper; bvU’' 8iUvr, silver. Exception: ber 3tal)l 
steel. 

(/) bac' OK'bir'vy, the mountain range ;ba^ CMefo'tc^c, 
the retinue ; bao (McU'i'lf', the clouds, etc. But 
there are also many exckption.s ; for instance: 
b i c (Mcmcin'tc {/. ), the community ; bcr (w.), 

the singing, song. 

2. Compound Nouns take their gender from 
their last component— e. (/..bev TU'lVbctc (m.) 
the postman, [bic %h>)t (/.)andber 'l^otc (m.) 
messenger] ; b ic '^rieftaube (/.) the carrier- 
pigeon, [D c r 'IH'icf (m.) letter, and b i c ilaubc 
(/.) pigeon, dove] ; b a c( Wav'tcufeft (w.) the 
garden party, [bcr (Marten (m.) and bao 
(Veft (n.) the festivity]. In some compound 
words an c or 0 i.s inserted for the sake of 
euphony. 

3. Compounds of Adjecitves or Prepo- 
sitions WITH Substantives generally take 
the gender of the substantive, but there 
are exceptions to this rule; for instance: 
bic ?lu'mut (/.) the grace, [bcr SDlut (m.) 
courage]; bic viEvUiftmut (/.) gentleness, 
tenderness [fanfl, gentle, and b e 3Jlut] ; ( 
b c r ^Ib I'duTi (m.) the aversion, [b i e ^d)cu (/.) 
bashfulness]. 

4. A few substantives have two genders which 
can be used indiscriminately ; for instance ; 
bcr (m.) or bad (n.) SWe'tcr (the metre), 
filter (litre), Hbcrmemc'tcr, 'Barome'tcr, Scepter 
(sceptre); tie (/.) or bad (n.) 'Berbcrb'uid, 
corruption, depravity; ber or bic Jpaudjjur, 
lobby, entrance hall ; bcr or bad Un'gcdtiuit, 
impetuosity, etc. 

5. The following substantives change their 
meaning with the gender : 

USD 
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bei* S3anb («?.) volume 
[of a book] 
tfauev (m.) peasant 

„ Sunb (m.) league 
„ ($^or (m.) choral- 
song, or chorus 

„ (?vbe (m.) heir 
tic (^rfenittniec (/) in- 
sight 

bcv Wcl^alt (m.) contents 
„ (Mcigft ( 7 / 1 .) hostage 
„ (m.) clasp 

„ (m.) Harz 

Mountains 
„ .')eibc (m.) heathen 
„ *&ut(m.) hat 
„ Jtiefcv (rw.) jaw 
„ Jt'unbe (m.) cus- 
tomer 

„ Vcitcv (tw.) manager, 
guide 

ric (/.) province, 

boundary, (term, 
coin 

tfv (ni.) man 

„ 'Die ffcv (7n.) measurer 
„ Otcicf (ta.) rice 
3cl>itb (m.) shield 

„ (m,) lake 

„ 2vvimTc ( 7 a.) off- 
spring 

bie 'Etfucv, (/.) rate, 
tax 

bev Stift (77t,) pencil 

„ icil (7a.) part 
„ (77t) fool 

„ ^llcrbicnff (TTi.) gain, 
profit, earnings 
tie (/.) defence 


orb (n.) ribbon 

"l^aiicv (a.) [bird-] 
cage 

„ 'Ihiiib (a.) bundle 
„ tSbov ( 71 .) locality in 
the church for the 
choir 

„ (<vbc (71.) inheritance 
„ t^vfciiutuicf (w.) judi- 
cial verdict 
„ (Me bait {n. ) salary 

bic (Meij;'ei (/.) scourge 
„ >'>aft (/.) prison, 
custcxly 

baa.'>av^ (n.) resin, gum 
of trees 

bic •'>eicc (/.) heath 
„ .'>ut(/.) heed, guard 
„ .Uifffv(/.) fir 
„ .Unnbe (/.) news 
intelligence 
„ Veitev (/.) ladder 

bai''Aliavf (7i.) marrow 


„ 'iVicni'd' (n.) weiu-h, 
hussy 

„ iDlcffiv (77.) knife 
„ jWcio (a.) sprig, twig 
„ 3d,'ilb (71.) sign — 
hoard 

bic '^cc (/.) sea 

^prefic (/.) step of a 
ladder 

baa ^teuev (a.) helm, 
rudder 

„ «tift(7t.)monastei’y. 
chapter 

„ Icil ( 71 .) due, share 
,, Ibcr (n.) gate 
„ 'l^cvbicuft (71.) merit 

. , 'h' c b r( 71. ) weir, dyke, 
ditch 


Inflections of WeaK Verbs 


Xin. In the iMrEiiFECT a weak verb 
[see X.] takes the following inflections ; 

Indicative. 

Singular 

1. sctc or tc id' lob to T praised 

2. sctejl ordeft bu lob teft thou praisedst 

3. iCte or dc ci‘ lobde he praised 


Plural 

1. eteii or den U'iv lobdcii we praised 

2. -ctetordet ibv lob tet you „ 

3. fcten or den fic lob ten they „ 

1. The inflections of the conjunctive are 
identical with those of the indicative. 

2. The first -c of the inflections -ete, -etejl, etc. 
is generally dropped, but retained for 
euphony’s sake in verbs with stems ending 
in -b, -n, -jl, -t; like: bab-en, to bathe; 
at(nii-ett, to breathe ; fcjl-ou, to cost or to 
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taste; tt>art-cu, to wait ; (1. Bing, ic^ bab-rte ; 
2. bu atf>met-eil ; 3. cvfoti-ete; 1. tt'ii 
travt-clm, etc.). For the same reason the 
first e of the inflections is sometimes 
dropped, sometimes retained, in verbs with 
stems ending in -n. Thus it is dropped in 
a(pt-cn, to forebode; i 3 dbn-cn, to yawn; 
U‘vu-cn, to learn, etc., and retained in 
cffn-fii, to open ; Vi*d)ii-en, to reckon; ^eidju-cn, 
to draw or design. fsing. id) al)U-tc; 
2. bn 3. cv leni-te; but 1. pfwr. 

ii'ir cffii-dcn ; 2. tl)v rcd'ii-ftct ; 3. (le ^cid)n-cten). 

3. Th(i Impkkfect is the distinguishing trait 
of the weak and strong conjugations 
[see XJ. Weak verbs form this tense 
by taking suffixes, strong verbs by 
changing the stem vowel. ^licbe:i (stem : 
ivb-) and fpicd'cu (stem: fpred'-)— either of 
which signifies, to speak — form the imper- 
fect: id' rcb-ctc (weak) 1 spoke, and id' 
U'lad' (strong) I spoke, the latter merely 
c'hanging tlu' stem vowel e into a. 

EXAMINATION PAPER IV. 

1 . What is the usual gender of trees, and 
undcM* which conditions is it changed? 

2. How art‘ feminine nouns formed from 
mas(‘uline nouns .vhich have no separate 
feniiniiH' correlative ? 

3. What is th(‘ gcridcT of nouns terminating 
in c, and indicating inanimate objects ? 
Are there any (‘xceptions? 

4. What is the g(‘nder of nouns which are not 
.substantiv(‘a, hut arc used substantively? 

5. Which nationality is exempt from the rule 
referred to in question 2 ? 

6. Which gender is taken by compound sub- 
stantives ? 

7. Wliitdi letters are sometimes inserted 
between the components of a compound 
noun, and why ? 

8. By wliich tense is it easiest to recognise 
whetluT a verb belongs to the weak or to 
the strong conjugation ? 

2. In wliich eases is the first e of the inflections 
of the weak imperfect retained ? 

10. Which is the mo.st characteristic feature 
of the strong imperfect ? 

11. Are there any differences in the inflections 
of the weak imperfect in the indicative 
and in the conjunctive ? 

12. For what reasons is the first e in the 
inflections of the weak imperfect frequently 
dropped ? 

Exercise 1.* Insert the missing articles, 
verba and nouns. 

Taiile rebel mil .... S)hd)tc ; . . . . 'Sd)U'eftcc 

The aunt speaks to the niece ; the sister 
SWabebenef ift fcbi'ii ; id) liebc .... (5id)f, 

of the girl is pretty; I love the oak, 

. . . '^apfil, imb , . . .R'aflantenilflaiim ; . . . .§cfli(bfeit 
the poplar, and the chestnut (-tree) ; the civility 

* To avoid confusion, the Gorman phraseology 
has been adopted for the English translation of 
German sentences, so that each English word 
is placed under its German equivalent. 
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dn^liinber^ ift brfannt ; . . . C^viuncrim^ ift 

of the Englishman is known ; remembrance is 
. . . iprufjlciu (see VIL b and XII. 2) . . . 'iicv-WitojCttbctt •, 
the touchstone of the past ; 

^iUefc trar ^ri'm uub .... .^>cibc braun ; 

the meadow was green and the heath brown ; 

.ftafc ifi fvifih. 

the cheese is fresh. 

iyib’ft fdu-cibt ; (cbtc .... 

the prince writes ; the princess praised the 

.(titibfv; ^^aveu iinf fomiiicu bcutc; 

children; the baron and the barone.ss come to-day: 

. . . "Bclf unb iviid'*? anb . . . 

the wolf and the she-wolf, the fox and the 

jinb ilhnibtbicvc; 

she-fox are beasts of prey; the little flowcr(dimin.) 

blubt; .... 'i^cvticiu 
blossoms ; the little bird (dimin ) sings ; 
Jvinihn-ui^ u\n- unbuvd)bi*ini^Ud> ; . . . •'>c(tcutin« 
the darkness was impenetrable ; the heroism 
. . . CMvicd'cii ; . . . (^io(D iinb . . . 2i(bcr... aiu'tafh'; 
of the Greeks ; gold and silver are metals ; 

. . . a(rc . . . 3i^i« Ijcittpitavtc uv'vtbi'cd ; . . . ^tab( 

old tin is nowadays valuable ; the steel of the 
tc^cnc< .... bic(\fam ; .... (Mcfdnrf .... illainue* 
sword was pliable; the fate of the man 
cvu'cdtf . . . t'‘'cful)( . . . BJhtlciCc : . . . (Mefati^ 
awakens the sentiment of pit}^; the singing 
. . . . (^Icnicinbf iiiib .... (Mcbct .... 'l^fari-evc 
of the eommunity and the prayer of the parson 
UMvcii ()i'rbav. 
wore audible. 

Exeucise 2. Form compound nouns with 
their articles from the substantives: 

T'cv 'Jibilb, the wood (forest) ; bic Dudlc, the 
source: '5lbil0c|uc((f. '^^ad\ the brook; bif 

ivi'VcUf, the trout; Q.Vuhfcvcllc. Tic ivcrcUc, bev 
'llad^ : JvcvcKcubadv Tev the bird ; bad Dhft, 
the nest: 'Ih'vtdncft. X'ad 'Jicfl, bfi* 

Tev the mountain ; bic -Hcttc, the ridge (or 
chain): the ridge or chain of mountains. 


T^ie c^>aiib. the hand; bev cduilb the shoe: 
.&anbf6idt the glove. 

Exercise 3. Insert the different articles of 
the consonant substantives with different 
meaning : 

vScc ift eft fc unlb unc . . . . *Scc ; ... 

the lake is often as rough as the sea; the 

.itunbc cvvcid>tc . . . .U'unbcu ; ... 'iVvbicnft 
intolligonee reached the customer ; merit 

unb . . . 'ItcvDieuft bcvtCiVicn cinaubev iiid't inimcv ; 
and gain meet (cacli other) not always ; 

(do not always meet) 

.... (yvtcnntnidd ^civ^t . . . «i1ciintuidd bee IRicbtevd ; 
the judicial verdict shows the insight of the judge ; 
. . . ll)ovfii femmeu bind) .... llun* bed Wavtcm^. 
the fools come through the gate of the garden. 

Exercise 4. Add to the stem the con- 
jugational inflections : 

3d' vcif . .. mit il)m ; U'iv U'anbev . . .♦ buveh ben 
I travelled with him ; we w'alked through the 

(Marten ; tie ^eid'it . . flelpiit : 3ie ^nd'n . . cin ; 
garden ; you drciv diligently; you drew a picture ; 

tie liebt . . einanbev pirtlid' : fie liebt . . ben 
they loved each other tenderly; .she loved the 

'ihiter; U'iv aim fanm ; ev vedm . . . lant; 

father ; we breathed scarcely; he reckoned aloud ; 

bn avbeit . . . nnb blid . . .* nid't nad' miv ; fie mart . . . 
you worked and glanced not at me ; she waited 

nnb manbev . . banii fm; bn ci^ibl . . .* bic 
and walked then away: you narrated the 
(viup'llieiten , bie ^.'ihitrev find’ . miv avbeit ... .. 
particulars, the mother knitted, we worked, 
fie vedm . . . . , bic .Uinbev luel . . *, nnv bev 
you calculated, tlu* children played, only the 
'i'vitev fcbl . . . ; cv . . . . nid't babeim. 
father was missing ; he was not at homo. 

* manbcvvii, to walk, wander ; blid en, to look, 
glance ; cv^aid cn, to narrate ; ftvid en, to knit ; 
H'ieL'cn, to play. 
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PHYSIOLOGY 

THE STREAM OF LIFE 

8 

How the Blood Circulates. Action of the Heart, Arteries, Capillaries 

Cojithmud Iruui 
phg»* (‘&7. 

and Veins. Pulsation. Vascular Glands. Lymphatic System 

By Dr. A. T. SCHOFIELD 


liave considered the avIioIo system of 
vessels, large and small, that convoy the 
blood to every part of the body, and examined the 
wonderful pump by means of which the life stream 
is propelled once round the body every minute. 
All this can, of course, be looked at after death ; 
and if any student is interested enough to verify 
the facts we have described, and shall describe, 
in this course, an admirable way of doing so is to 
buy a skinned rabbit that has not had its internal 
organs removed, and then, with a common pen- 
knife and a pai r of forceps, the leading facta of 
anatomy can, with little trouble, be clearly made 
out ; and although the arrangement in a rabbit 
is not exactly that of a human being, it is 
quite near enough for all practical purposes. 

The Blood in Circulation. But now 

we have to follow mentallv what cannot bo seen 
by dissection — ^and that is, the blood in actual 
circulation. 

The best way is to begin with the heart and 
follow the course of tlie blood through the 
various chambers there, bearing in mind at the 
outset one or two leading facts. The blood 
enters the heart on the right side, and finally 
leaves it for the body on the left. The right 
heart is always full of bluish, or venous, blood ; 
the left of bright red, or arterial, blood. 

The actual movement through the heart, then, 
, is as follows: The two upper chambers com* 
municato with the lower by means of folding 
doors or valves, but there is no opening between 
the right and the left sides of the heart. 

The Heart an Automatic Pump. The 

blood arrives at the right side of the heart by the 
two large veins from the upper and lower parts 
of the body. Just before the inferior vena cava, 
or low’er vein, reaches the heart, it receives its 
fresh supply of food by a large ve.ssel from the 
liver that opens into it; and just befoi’e the 
superior vena ciava, or upper vein, reaches the 
heart, it receives all the chyle, or digested fat, 
together with the purified lymph, from the body, 
so that the venous blood wdiich pours into the 
heart is not the same as that which left the 
capillaries, but has already received its fresh 
supplies of nourishment. All it now wants is 
the oxygen from the fresh air to restore its bright 
colour. The blood enters the heart by the right 
. aurithi and pours down through the open valve 
in the floor into the right ventricle below. As 
tUs fills with blood, the flaps of the valve— throe 
in number (hence it is called the tricuspid valve, 
Woause it has throe ousps, or flaps)— float up on 
the blood and close together gradually. \^en 
the right ventricle is quite full, the heart con- 


tracts forcibly, and all the blood is forced out of 
the ventricle, through another valve with throe 
flaps, along a short artery called the pulmonary, 
or lung artery, because it takes the blood 
to the lungs to lie charged with fresh air. 
It then passes through the innumerable lung 
capillaries. 

When the blood has received its supply of 
oxygen, it returns by fovr vessels, called the 
pulmonary veins, to the left auricle. It pours 
through the valve in the floor (which is called the 
mitral valve, because it is like a bishop’s mitre, 
and has only two flaps, or cusps) into the left 
ventricle. As this Alls, the cusps of the mitral 
valve are floated up and closed. The heart then 
contracts vigorously (at the same time as on the 
right side) by sudden muscular action of the 
walls (which are over half an inch thick) and 
forces all the blood through another valve with 
three flaps, called the aortic valve, into the aorta. 
This squeezing of the heart can only drive the 
blood in one direction, on account of the valves. 
If you get an indiarubber syringe, which has a 
ball to squeeze in the middle, and a tube at each 
end [55], ani put the shorter end into water and. 
squeeze, as the ball expands again it sucks the 
water in to fill the ball ; and then, as you squeeze 
it again, a valve prevents the water being forced 
back, and it rushes along the other pipe and 
comes out in a jet. The short pipe in the water 
may represent the veins, the ball the heart, and 
the other piptN out of wdiich the water flow^s, the 
arteries. 

Pulsation. The contraction of the heart 
we call the beat, and it occurs about seventy 
J;imes a minute, and gives the throb, or pulsation, 
to the blood in the arteries ; this flows in jerks 
(as you SCO when one is cut), while the blood in 
veins flows in a slow and steady stream. 

The Greater and Lesser Clrcula* 
tions. W’e thus see there are two principal 
circulations — one called the systemic, or greater^ 
circulation, that circulates through the system or 
body ; and the other the pulmonary, or IssstSTi 
circulation, that circulates through the lun^. 
In the former the blood loses oxygen, ga^ 
carbonic acid, and becomes dark and impure ; in 
the latter the blood loses carbonic acid, gains 
oxygen, and becomes bright and pure. 

The strength of the beat of the left ventricle, 
is double that of the right, and the whole f<XKp 
exerted by the heart is 'equal to 120., tons lifted 
one foot high, or the heart’s own weight raided 
20,000 ft. every hour. The greatest nCight, 
active man can raise himself is 1,000 ft^ an bodi^ V 
a locomotive can raise itself;. ^neatly 3,000 It, 
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whilo tbe heart raisoe itself higher than Mont 
Blanc. 

How the Heart Rests. There is an 
idea that the heart is more incessantly at work 
than other organs. Such is not the case, but 
the periods of rest alternate much more rapidly. 
All working parts of the body have their intervals 
of rest — the brain when we sleep ; the stomach, 
eyelids, diaphragm, etc., at shorter intervals. 

If the whole circle of the heart’s action be 
completed in of a second, half of this is rest, 
as is represented in 66. The contraction of the 
heart is called the ayatole^ the rest the diastole. 

The movements of the heart are mainly caused 
by throe sots of ganglia in the heart itself. With 
proper care, a heart can there- 
fore beat when out of the body 
altogether, and oven when cut 
in three pieces, each of which 
includes one of these ganglia, 
or nerve centres. 

Arterial Circulation. 

Passing on now to the course 
of the blood in the arteries, we 
must remember tliat we have 
not here to deal with a series of 
rigid pipes, but highly elastic 
tubes. This elasticity is a 
jiroperty in more ways than one. "in the first 
place, the beat of the heart on the injection of 
four tablespoonfuls of blood into the aorta is 
intermittent, and takes place about seventy times 
a minute, or at least every second. Now, such is 
the force of the automatic pump wo call the 
heart that, as wo have said, it lifts its own weight 
higher than Mont Blanc every hour. This 
force, if an artery were a rigid tube like a gas- 
pipe, would draw the blood along in jerks at 
about 200 ft. a second. As it is, the force first 
of all distends the elastic artery so that you can 
feel it swelling beneath the finger at the wrists, 
and can also ofltii notice it with the eye there, 
and at the temples. 

'Phen, in the inter, 
vals between the 
beats, the contrac- 
tion of the over- 
stretched artery still 
keeps up the pres- 
sure on the blood, 
and forces it along 
the vessel, convert- 
ing by this means 
poi^er of 200 ft a 
of about 1 ft. 
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56. ONE BEAT OF THE HEART 

A. Auricular Systole — ^ sec. B. Ventricular Systole 
~ see. (\ Diastole, or pause - see. 


an intermittent propelling 
second into a steady flow 
a second, which i^ the average 
arterial speed of the blood until the capillaries 
are reached. We have already stated that if 
the arterial calibre be represented by a tube 
1 in. in ^ameter, that of the united capillaries 
would be about 2 ft., or nearly 600 times 
as great. 

The Rush of the Blood Checked. 

Here, then, the rush of the blood is completely 
checked. It la like a river flowing into a lake, 
not only into a lake, but into a network of 
tmy channels equal in size to a lake, and in- 
loas of Mwer by friction against their 
million AH this deduces the^blood speed 


from 1 ft. a second to 1 In. a minute. On 
this retardation, as we have shown, our life 
depends. It is useless whisking food at 60 
miles an hour past our doors. It is all very 
well to bring it up at this speed from all parts 
of the country ; but when it has to be dis- 
tributed in towns we no longer use trains nt 
60 miles an hour, but butchers’ and bakers' 
carts that stop and deliver at every door ; wa* 
should die of starvation otherwise. A parallel 
ease occurs here. The air and food cannot be 
brought too quickly to the populous cell town^ ; 
but once there it is carried slowly from door to 
door that each may take his share, and all be 
.satisfied. So far, from all w'o have said, it 
might be suppo.sed that the 
process is simply mechanical. 
A wx'll-made pump beating ever 
at 70 strokes a minute forces 
the blood into miles of tiny 
tubes, through which it circu- 
lates at a fixed rate But such 
is not the case. In the first 
place the circulation in the 
arterial sysit'm depends, of 
course, upon the heart’s beat : 
but this is by no means uniform 
nor equally forcible, for in its turn it is controlled 
from the lower brain by an inttdligont force 
often Vrmed “ Nature,” but which 1 call the 
unconscious mind. The control may be partly 
reflex— that is, the result of stimuli ; but those 
who have thought more on the subject are 
convinced that oven in reflex action there is 
something more than mere mechanism, that 
some power beyond matter is at work — there 
is the directing agent of mind. 

Action of the Capillaries. Once, 
liowever, the capillaries are reached the }K)wer 
that controls the movement of the blood is no 
longer the heart force with which it is propelled, 
but the opening or closing of the channels 
through which it 
has to flow There 
is, as we shall see 
when we study the 
nervous system, 
and as we have 
briefly pointed out 
in speaking of 
assimilation, a 
central power that 
controls absolutely the opening and closing of the 
miles of capillaries in the body, so that they are 
incessantly varying according to the changing 
needs of the economy, and its requirements not 
only of food but of heat For we must ever 
remember that this groat circulation of hot fowl 
through the body not only feeds it but warms it. 

We cannot here go into the wonderful way 
in which whole tracts of capillaries are thus 
incessantly being opened and closed according 
to the body’s needs. Suffice it to say the 
process is so remarkable, and so beyond mere 
mechanism, that were there no other indication 
of a central intelligent controlling force, this 
Would suffice. 

We need not linger longer on the passage of the 


second 
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blood through these tiny channels, for the 
section on assimilation has covered the same 

gVH]g^d. 

The Blood in the Veins. When we 
come to the veins we find for the first time the 
circulation begins to be in difficulties. It is 
easy to drive the blood from the heart to the 
capillaries, say, of the great toe : the difficulty 
is to get it hack again. It is in every sense 
uphill work, for the force of the heart is well- 
nigh spent as far as clir(*ct impulse goes, owing 
to the passage through the capillaries ; but still 
a certain compulsion from behind remains to 
help the blood, now venous in colour and 
quality, back to the heart. 

Exercise Aids Circulation. The 

second help that comes into play arises from 
the fact that the walls of the veins arc thinner 
than the arteries, and as they are placed between 
the large muscles in many cases, muscular 
contraction in the exercise of arms and legs 
squeezes these veins so forcibly as almost to 
act as another pump. Of course a moment's 
reflection wull show that squeezing a pipe alone 
does not propel the contents — it simply forces 
some portion hack and some a little forward. 
Valves are required that open fow\ards the 
heart, but oannof he opened haekw'ards, and 
these, as we have seen, the veins possess ; so 
that every squeeze can only move the blood 
in one direction, and that is towards the heart. 
Here we see the great value of exercise in aiding 
the venous circulation. Without it the venous 
blood tends to stagnate, and all the vital pro- 
cesses are retarded as the eireulation becomes 
enfeebled. 

The Part Played by Respiration. 

The next help tin* circulation gets is from the 
respiration, in which the i)ressure on the large 
blood-vessels and heart is withdrawn, and then 
the blood is sucked up towards that organ. 
The factors, then, that bring the blood back from 
the capillaries to the heart are : (1) The heart's 
beat; (2) the thinness of the veins; (3) the 
squeezing by muscle contraction ; (4) the 

valves ; (.3) respiration And thus in almost 
one minute the blood flows from the left to the 
right side of the heart. 

When the Blood Leaves the Heart. 

Blood, when it leaves the heart, has its choice 
of one of five courses. This is briefly described 
in the diagram [57 j. 

The shortest is round the walls of the heart 
itself to nourish its muscles, starting from the 
left side and returning through the right veins. 
This is called the coromirif circulation. 

The next longer is from the pulmonary artery 
in the right side of the heart through the lungs 
and back to the left side of the heart by the four 
pulmonary veins. This is called the pulmonary 
eireulation. 

The second longer is from the left side of the 
heart through the walls of the digestive organs 
and kidneys, receiving the food and carrying it 
into the liVer and also getting rid of any refuse, 
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and flowing back to the right side of the heart. 
This is called the digestive circulation. 

The third longer is from the left side of the 
heart through the brain by special capillaries 
and veins that cannot close, which we shall 
describe later, and so back to the right side of the 
heart. This is called the cerebral circulation. 

The last and longest is through every part of 
the body, and this is the systemic circulation, 
and has been already described. 

What is the Pulse ? The pulse is 
not tin* actual flow" of the blood, which w"ould 
certainly appear to be intermittent, as indeed 
it is, when it spurts out of a cut artery. In the 
closed artijry, however, it is not, as we have 
shown, intermittent, but is steady, owing to the 
pressure of the blood in front and the give of 
th'* elastic arterial walls. The pulse is the wave 
sent along the blood by the heat of the heart, 
by the forcing into the aorta of the fresh supply 
of blood. This wave passes down the blood- 
.stream, stretching the wall of the arttuy as it 
travels along twenty-eight times as fast as the 
blood itsf'lf flows. The pulse, therefore, at the 
w’l'ist is almost simultaneous w'ith the beat of 
the heart, which it could not possibly be if it 
were the flow" of blood that caused it. 

Besides its elasticity th(‘ artery has also the 
muscular coat, w'hich in the smaller vessels 
adjusts the amount of hlfxxl to the state of 
the capillaries (whether o])on or shut), so that 
there may he no sudden block. This niet‘ 
adaptation of tin* size of the vessel to the 
amount of blood in it is (tailed “ lone,” and 
the loss of tom^ in an artery shows either 
languor of central controlling power (nerve 
€»xhaiistion), or failure of elasticity (age?, disease, 
etc.), or the formation in the arterial w"alls of 
hard plates (gout, <‘tc.), all interfering witli the 
regularity of the circulation. 

The pulse is not only at the wi'ist, hut where- 
ever an artery is near enough to the surface for 
the wave of the pulse to he felt or seem, as at 
the temples, the anklf?s, etc. 

We may just state that generally the influences 
that slow- down the circulation are cold, digitalis, 
and the pneumogastric nerve, wdiereas heat, 
atropine, and the sympathetic nerve accelerate 
it. The vaso -motor nerve opens and closes the 
capillaries, and these act harmoniously, not 
only with arteries, but with the nerves con- 
trolling the heart. 

The Vascular Glands. As indirectly 
connected with the vascular system, we may 
here consider the vascular glan(is, w^hich include 
the spleen, the thyroid and the thymus glands 
in the thorax ; and the suprarenal capsules 
abovb the kidneys. 

The spleen is about the size and shape of the 
palm of the owner’s hand, and is situated beneath 
the ninth, tenth, and eleventh ribs in the left 
side l)eneath the diaphragm. Its convex side 
is outward and its concave is in close proximity 
with the tail of the pancreas. It is of a deep 
red colour, full of blood, and weighs about half 
a pound. It is credited with many functions, one 
being that of a storehouse of peptones, and 
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57. DIAGRAM SHOWJNG 
THE FIVE COURSES 


there is no doubt that 
a storehouse is sorely 
wanted by great meat- 
eaters. The red cor- 
puscles of the blood are 
also said to bo bom hero 
and introduced into the 
blood in great number’s, 
and then broken up and 
taken out when they want 
to die. The spleen is 
greatly enlarged in ague 
and other diseases. 

The thyroid gland con- 
sists of two lol)es, united 
by a band and lying in 
front of the larnyx, or 
throat. Tt weighs nor- 
mally 1 ^ ounces, but, 
like the spleen, may be 
greatly enlarged in dis- 


body surrounding all the capillaries, and existing 
wherever there are no blood-vesnels, is a vast 
network of tubes containing the liquid drainage 
of the body, which Bows through all those vessels, 
always tow’ards the heart. The lymph capil- 
laries collect into large lymphatics, and eventu- 
ally enter two trunks, the right thoracic duct, 
which is small, and the left thoracic duct, which 
is very much larger, and which carries all the 
fat from the food ; these enter the veins on 
each side of the root of the neck. Just as all 
the body cells and tissues are being continually 
irrigated by capillaries, whose thin walls allow 
the fl\iid to ooze through, so they are constantly 
being drained of the surplus fluid by the 
lymphatics [58]. 

JJesides tl)is general use, the lyunphatics have 
at least two other special functions. 

1. They act in the intestines by the agency 
of the lacteals as absorbents of “ fat ” food and 
in the formation of chyle. 


OP THE oiRCULATioN 1 Contains a 

(i) Hound the heart, (2Uo l?ummy nuibTial, / 
the lungB, (Jb ill the diites- the purport of / / \ 
tiveurtfun8,(4)inthehrain, .vUJni, ; l / ' \ 

jm(l(r>)i)v»Tthrbo(ly.l)aik wnien is not ) 

.shading, venous Idood. readil y ascer- I '' 
l.i(tht BhadiiiK, arterial tained. ' When it V 

IS diseased, the h//;, ^ 
mental faculties seem alTeeted. The I 
Derbyshire neck or goitre is an enlarge- \ 
ment of this gland. 

The ihyinvH ghind is an iiieli long. ' \ 

lying lower down at birth on eaeli side i. v) 
of the windpipe but disappearing very », ,,// 
early in life. It may form red corpuscles, y y 
like the spleen. 1 f 

The suprarenal capsules are two small r 
bodies lik(5 cocked hats, one on tin? top of MH'-I 
each kidney, and seem to serve a re- ' w||p 
markable purpose. The extract obtained 
from them has a marvellous power of 53, 
contracting capillaries and stopping the lymi’Uatio 
flow of blood, and is now extensively used vessels in 
ill arresting hiernorrhage. Its power is 
wonderful, and we have nothing so 
efficacious in drugs. When these supra- Giami 
renal capsules are diseased the whole skin 
gets the colour of bronze. There is no doubt \ 
that they exercise a xiowerful influence over the ( 


‘2. In some tissues they form the sole 
source of nourishment, as in the cornea 
of tlie eye, and in many connective tissues, 
which have no blood eireulation. 

The wliole system may be regarded as a 
nec4*ssary appendage to the vascular 
system, although we liave treated part of 
it under the hea l of absorption in order 
to complete' the history of food disgestion. 

Th(‘ lymphatics that (mmmence a-s 
capillaries round the blood-vessels have 
very thin and irregular walls, and often 
appear mere ehannc’Is hollowed out in the 
surrounding tissues. 

The lymph is the agent in conveying 
1 li c oxygen 


(o) Lyni])hHti( 
<i|tllulS 


economy of the body, and further discoveries 
m^ tell us exactly what this is. 

The Lymphatic System. Wo now 
turn to a brief description of the lymphatic 
system, a small portion of which only has been 
touched upon in describing the digestion of fat. 

It will be remembered that at the outset 
we pointed out that, as beneath our streets are 
three sets of pipes conveying gas, w-ater, and 
sewerage, so throughout the body are three 
descriptions of vessels coloured by the fluid they 
contain red, blue, and white. The red and blue 
we have considered — they convey the arterial 
and the venous blood. The white or colourless 
are the lymphatics, which form a system almost 
as large as the true vascular system, of which 
they are an appendage, and with which they are 
everywhere connected. We must understand, 
then, that within the whole of the tissues of the 


and f o o tl 
from the 
blood capil- 
.j^j5 larics, which 
thoy sur- 
j jjj round, to the 
iRM bt>dy cells, as 
well as in 
' conveying 
the major 
part of the excreta, 
urea, etc., 
from these into 
blood. 

Movement of 
the Lymph. The 

movement of the 
lymph towards the 
heart is first due to 
muscular pressure 
and very numerous 
valves. The collap- 
8 i b 1 e lymphatics, 
whether amongst 
the voluntary mus- 



59. THORACIC DUCT 


cles of the neck (a) Ribs ; (ft) receptaculum chyM ; 
or the unstriped (c) left Jugular (rf) trank 

1 * 4 .U of thoracic duct; («) left sub- 

muBCles of the in- clavlau vein; if) Junction of 

testine, have their these two veins, showing en- 

^ trance of thoracic duct; ig) 

contents therefore superior vena cava; h) lym* 

propelled in one phatio fdaod^ 
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v.;^i^tioh. A second force is the direct act of the 
' surrounding each lacteal in the villi, by 

when full, their contents are ejected into 
’ t}ie vessels beneath, valves again preventing their 
return. A third force is the inspiratory move- 
ment of the chest (as in the veins) which both 
squeezes fluid into the lymphatics and sucks 
the fluid of the large ducts into tbe blood- 
stream. 

The lymphatics of the body, with the exception 
of som? on the right side, but including all the 
lactcals, discharge their contents — after passing 
through numerous lymphatic glands en route — 
into a large reservoir about 2 in. Jong, called 
the rece/fjtaculum chyli [59J lying in the abdomen 
at the lower part of the spine on the left side. 
From here a stout tuVje, as thick as a goose- 
quill and about 18 in. length, called the left 
thordcic duct, leads right 
up the left side, and 
empties its contents at 
the juncture of tin; lu ek 
and arm (jugular and 
subclavian veins), thence 
to be carried to the right 
side of the heart. 

The Police of the 
Body. Nearly all tin* 
lymph before entering 
the blood has to pass 
through one or more 
lymphatic glands. These 
are found in great num- 
bers in the trunk of 
the body, in the nock, 
armpit, and groin, but 
not further down the 
limbs than the elbow or 
knee. These glands arc 
somewhat the slmpo of 
small beans, lying right 
across the path of the lymphatics, with the 
convex side outwards or downwards, along 
which the lymphatics enter, while the lymph 
leaves it at the hilum, or depression, on the 
other side bv one or two larger vessels [60]. 

The lymphatic glands exercise most important 
functions in the economy. They may bo said 
to represent the police of the body, and every 
suspicious substance that enters the body finds 
its way to them sooner or later, and is there 
detained. 

They stop, as far as they arc able, the circula- 
tion of all poisons in the system ; but for them a 
poisoned finger would infallibly infect the whole 
body. Yet, thanks to a small gland at the bend 
of the elbow, or, if this fail, the extensive chain 
of glands in the armpit, the poison is arrested 
^nd destroyed. We are constantly poisoning 





ourselves in small ways, and many of thei^isons 
would spread and become fatal were it not f6r the 
action of these glands. Sometimes tl^e head or 
throat, or ear or mouth is poisoned, and then it 
is that the poison is arrested and stopped and 
the life is saved by the lymphatic gland in the 
neck or throat ; tho glands swell and get painful, 
and we feel the lumps, which tell us the glands 
have done their work well. They are arranged all 
over the body at what may be called stratemo 
points, and their value cannot be exaggerated. 

In cancer of tbe breast, for instance, in the 
t arly stages when the poison is slight, it is stopped 
from entering the blood-stream by the glands 
in the armpit, which receive and destroy the 
poison, becoming enlarged and inflamed in the 
process. Should, however, the poison be allowed 
to progress undetected, there comes a time 
when its volume be- 
comes too great, and it 
gets past thorn into the 
blood, and is there 
carried all over the body, 
and other centres of 
cancer are formed. 

These lymphatio 
glands are filled with 
white corpuscles, similar 
to those in the blood, 
and it is these that de- 
stroy tho poisons by 
breaking them up and 
reducing them to their 
elements. 

All the drainage 
of the body, therefore, 
before it is poured into 
the blood, is carefully 


60. SECTION OF A LYMPHATIC GI^ND 

, Afferent; (/>) eftemit lymphatics; (<*) lymphoid tissue; 

(•/) cortical substance; (c) lymph-path ; (M (Ibrous cup- purified, 
siilc sending in divisions into (</) the substance of the Before finally leaving 

this question of the 
circulation, wo will give seven points that 
prove the truth of it — for this has often been 
doubted. 

1. In half an hour the heart ejects more than 
the whole blood in tbe body. 

2. Blood spurts from a out artery. 

3. Tho arteries arc empty and the veins full 
after death. 

4. If a limb be tied tightly with string, it 
becomes pale, because the arteries ore com- 
pressed and blood cannot flow in ; if tied slackly, 
it is swollen, because though blood can flow in, 
it cannot flow out. 

5. The presence of valves in the veins. 

6. Poison and aniline dyes are . found tdi 
circulate. 

7. The circulation can actually be wen during 
life in the web of a frog’s foot, 
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FORAGE AND OTHER FARM CROPS 

Group 1 

AGRICULTURE 

Lucerne, Sainfoin, Vetches, Clovers, Cabbage, Rape, Maize, 

8 

Hops, Flax, and Hemp. Cultivation of Farm Crops 

Coiitiiiuea frum 
pago in.i 


By Professor JAMES LONG 


FORAGE CROPS 

Lucerne. M. ISatim (Nat. ord., Legu- 
minoace; genus, Medicago), known as alfalfa 
in America, is a perennial, the roots of which 
have been traced to a depth of from 20 to 30 ft , 
for which reason on suitable soils it ignores 
drought tp. 881]. Lucerne is one of the very 
best forage crops ; it produces superb hay. and 
may be cut four times annually after the first 
year, and until it has been overcome by weeds, 
which in course of seven years or so usually 
destroy the plant. Lucerne demands a dry, 
deep soil containing lime, and a mild climate ; 
hence it is not grown in tin* North of England. 
It is a handsome plant, with a purplish-bliu' 
Hower. It is sown with a corn crop in spring, 

I .") to 20 lb. of seed 
being drilled per acre. 

If broadcasted, more 
seed is required, but the 
plant is not so satisfac- 
tory. The weight of the 
seed is 64 lb. to the 
bushel. A useful crop will 
cut from 15 to 30 tons 
of green fodder, while as 
much as 5 tons of hay 
have been taken from an 
iiere Lucerne is occa- 
sionally mixed with 
grasses sown for a three 
or four years’ ley, or per- 
manent pasture. 

Sainfoin. O. .saliva 
{Onohrycliis) is a hand- 
some perennial, with a 
showy pink flower and a 
leaf with many leaflets 
[p. 881]. It is chiefly 
sown in the south oil 
substantial chalky soils and other soils con- 
taining lime. Its roots penetrate to a great 
depth ; it resists drought, and may last a few' 
years. Sainfoin is a splendid green fodder, 
and is much employed for sheepfolding. The 
hay is equally approved by fanners, and is 
most valuable for horses and cattle. Sainfoin is 
usually drilled, the seed emplo 3 red being either 
in the husk or removed from it by a process of 
milling. The seed required per acre is 60 lb. 
when milled, or 4 to 5 bushels in the husk. 
Milled seed weighs 62 lb. p^r bushel, seed in the 
husk about 26 lb, 

V etches* or Tar^s. The vetch { V icia aativa) 
is an annual grown in all parts of the country 
on most soils [p. 881]. It is sown at the rate 
» >f from 3 to 4 bushels per acre, the seed w eighing 
04 lb, to the bushel, either alone or with a cereal, 
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preferably rye or oats Tlie mixture improv**s 
the ft'ed, and the cereal plant keeps the vetch 
off the ground. Vetches are cut green for .stock 
— es])eeially horses — fed off by shetq) folded upon 
them, employed for cnsilagt*\ and occasionally 
made into hay. TIkmv are two sub- varieties, 
th<' winter and th(» spring vetch, the former jiro- 
dueing a very early rut of green food, while 
the latti‘r jirovides forage during autumn, wlun 
it is often iiui(*h need(‘d. A green crop may 
w(Mgh 10 to 14 tons ix-r acre, while a dried crop 
may reach 30 to 40 fwt. The seeds number 
about 8,(KM) to the lb 'Tlu' vetch ih harily. 
it responds to manurt*, and oxcreomes many 
weeds by its propen-<ity (p sinotluT them. 

Crimson Clover. (Vimson clover (Tn- 
joUim innirnatum) is an 
animal, largi'ly grown 
by the sou them farmer 
for Hhe(*p feeding, and 
aom(‘t lines for hay [p. 
041 1. It suits most soil’, 
upon which it is sown 
after the removal of a 
corn crop, the surfaei' 
being well harrowed, and 
the seed broadeastediuid 
covered with harrows 
and rollisl. Ploughing 
lor this crop is not ad- 
visable, Trifoliiim, of 
which there is a /v/filr 
variety (7\ album), is 
really a catch crop, 
coming betw'cen a cereal 
and roofs, or any (ither 
suitable crop vvliieh can 
be ‘-ow'ii after it.s re- 
moval. It provide.s one 
of the earliest green 
fodders. The seed is sown at the rate of 12 to 
20 lb. ])('!’ acre, and weighs about 66 lb. luv 
bushel, a green crop nsiehiug 10 to 12 ton 
})er acre. 

Cabbage. Jhas.'^ira oUtarea (Nat. ord., 
Cruciferie). 'Fhere are difterent forms as there 
are several varietii's of the cabbage tribe, in- 
cluding, as examples, tin* round-headed, big- 
hearted driimheaas, the savoys, the loosely 
headed kale, or thousand-heads, and th( 
flowering-hearted cauliflower. Although with 
good cultivation the cabbage will thrive on 
comparatively light soils, it prefers strong land, 
rich in nitrogen and phosphates. It responds 
best to dung and nitrate of soda, sometimes 
with an addition of salt. Field cabbage, which 
is a hardy biennial, like all iiiembci^ of 
the family, bears a yellow flower. Although 
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frequently drilled, all the varieties of cabbage mustard will produce 12 tons or more per acre 

^may ^ raised in seed-beds and transplanted. on the richest soils. It is sown at the rate of 

^By adopting this method the plant will provide 14 lb. per acre, the seed weighing 60 to 66 lb. 

succulent green food for stock throughout at per bushel, a pound containing over 70,000 

least six months of the year. The hardier seeds. S. nigra is grown for the production of 

members of the family are the kales, which are mustard for the table. 

less damaged by frost and rain. Thousand- Maize. {Zea Mais,) An annual cereal 
headed kale, grown largely for Rheep, will produce plant employed in many countries as green 

a second crop after its foliage lias once been forage, and, especially in America, for conversion 

cjonsumed. The space required per plant i.s from into ensilage for the winter feeding of cows. 

.3 to 0 sq. ft., according to the variety and its size. Maize grows luxuriantly in the warmer parts of 

Tlie seed required to produce the plants for an England, while excellent crops have been grown 

acre is I to 1 .V lb., or ,3 lb. acre when drilled. as far north as Cheshire and Lincolnshire. It is a 

There are about 125,000 seeds to the lb., the robust, tall plant, its height depending entirely 

weight of a bushel varying from 50 to 56 lb. upon tlie richness of the soil ana the variety and 

A crop of drumheads .should roach 25 to 35 quantity of seed used. 1 1 re vels in hot weather, 

tons t o the acre. and during a warm, moist autumn evening it may 

Rape {Braiisica rampestris), like kohl-rabi lie heard to grow — we refer to the popping of the 

and the cabbage, belongs to the immature leaves through the* 

natural order (hucijcra\ and is joints of the stem. Maize pre- 

deseended from the same stock. fers medium deep soils, richly 

Rape is seldom sown in spring; manured, especially with dung and 

it is chiefly a summer-sown crop phosphat(‘s. When broadcasted 

intended for feeding sheep whicli with .3 Imshels of seed per acre, 

are folded upon it, for ploughing-in plunt grows thickly to a height 

as a green manure, or for smother- ^ of .3 to 4 fi. ; when drilled or sown 

ing the weed crop. It is sometimes l)y hand in alternate furrows after 

as.sociated with mustard, the .seed ^ th(‘ plough. IJ bushels being used, 

lading mixed, and the two plants the plants are much stouter, and 

grown together with the .>ame " grow to a height of from 7 to 

objects. The giant variety is movst weighs about 

suitabh’ for rich or well-manured (>() lb. to the bushel, and will 

soils, producing a great weight per W produce from 15 to 40 tons of 

acre, from 15 to 20 tons. The seed G fodder per acre. The lowest tem- 

of the smaller variety is usually B perature of gennination has been 

sown on chalks and the lighter ■ noted at 40^ K. The table below 

soils; the (puintity broadcasted is tuousand-iikaokd kalk illustrates tlui value of green maize 
12 lb. fK^r acre, its weight being * as a stock food, 

from 50 to 54 Ib. per bushel, the numlx*?’ of Among other feeding crops which arc grown 
seeds in a lb. reaching nearly 120,000, while the upon a small scale, but which are not regarded 
yield of seed jier acre should reach 30 bushels. as farm crojw are chicory, prickly comfrey — 

Rape is often em})loyefl as a. catch crop, w'hich is difficult to eradicate for a succeeding 

whether for ploughing-in or feeding sheep, crop, and which, if abundant, is a poor forage — 

especially after the removal of an early crop of and the Jerusalem artichoke. 
potatoe.s, being cleared off the land before the Tt may be pointed out with regard to all the 
succeeding green crop is sown. Although rape plants which have been mentioned that while 

will transplant, the practice is not common. there is necessarily a limit to the weight of 
The seed of rape, after pressing out the oil (colza), fodder which can be produced, the average 

provides the residue from which rape-cake is crop grown in this and other countries is much 

manufactured. smaller than is possible. Large increases are 

Mustard. There are two species of this obtainable by high cultivation, and especiallv is 
plant — Sinapi/i alba and S. nigra. The former this the case with lucerne, cabbage, rape, vetenes, 
(white mustard) is that grown for forage, some- and maize. Given suitable soil and first-rate 
times alone, often in combination with rajx*. preparation, good seed and adequate manuring 

It is, however, frequently employed as green will be follow^ed in four years out of live by very 

manure, thii crop being ploughed in. White large additions to the crop. 








AQRICULTURC 


OTHER FARM CROPS 

The Hop. Tlie hop (Nat. ord., Urticacem ; 
^cnu8, Humuliui) is produced from one species, 
//. lupulus. It is a perennial, dimciou.s 
plant — i.e., the male and female flowers grow 
upon different plants, hence the importance of 
ensuring the plantation of a sufficient number 
f)t male planto. The hop prefers a rich, deep 
loam, well furnished with lime. The soil should 
I H‘ clean, thoroughly cultivated, both before and 
(luring the years of production, and heavily 
manured, not only with manure readily avail- 
able, but with fertilisers, which gradually liberate 
plant food. The slow-acting manures employed 
include shoddy, rape dust, and homy matter. 
The hop is produced from cuttings which are 
planted on hills at equal distances apart. The 
cuttings — which are grown in different varieties 
- the cost of preparation, i>lanting, ])oles, and 
string, along which the hop-bine twines, 
togetluT with the picking and drying in the kiln, 
uiiike this plant an expensive one to produce. 
As hop-growing is a somewhat risky industry, 
it is not , surprising that it is costly in the 
market, and that growers are alternately ele- 
vated and depressed. An average crop is from 
() to 7 cwt., but the yield may b(* much more or 
miK’h less. Hops are sold in “ pockets,’* or 
sacks, of a given size, which (‘ontain 1 J cwt. 

Flax. This plant (Nat. ord., ; genus, 

Linum) is grown in one species, L. imt(Ui8.nm.ufn 
Ip. 881], Flax prefers a rich soil with a line 
(l(*ep tilth, and is not grown with success on 
clays or thin chalks and gravels. Tt is grown 
cither for the seed or the fibic. The se(‘d is 
chi(^fly produced for the oil, which forms more 
than one-third of its weight, the residue, after 
oil extraction, being pressed into cakes, which are 
listed for cattle, and which contain 10 per cent. 
<»f oil. The straw, which is pulled b(‘fore the 
plant seeds, is prepared, when fibre is required, 
by steeping. When grown for the seed or 
grain, lA to 2 bushels of seed are drilled 
))er acre ; when grown for tins straw, 2^ bushels 
ar(‘ drilled, the bushel weighing rr2 to r)6 Ib., 

1 lb. containing about 100,000 seeds. A ripened 
crop of linseed produces about 2 to 2J quarters 
per acre, and from .‘15 to 40 cwt. of straw while the 
fibre produced varies from 5 to 8 cwt. per acre. 

Hemp. The hemp grown in this country is 
of one species. Cannabis saliva j a dicccious plant ; 
it thrives best on a rich, mellow soil of deep 
tilth, finely cultivated [p. 881]. The quantity of 
seed drilled is one bushel to the acre, a bushel 
weigh ng about 40 lb. It should contain about 
•*10 per (^cnt. of oil. The crop reaches some 

2 quarters of 8 bushels, with 40 cwt. of straw ; the 
weight of fibre varies from 6 to 8 cwt. per acre. 

CULTIVATION OF FARM CROPS 

It i» the custom among farmers to grow the 
various crops on the arable land upon a system 
of lotation. It will be well to explain not only 
what that system is» but the principles upon 
which it is based. It is a commonly accepted 
maxim that it is bad farming to grow two white 
straw crops — by which we mean cereals— in 
succession on the same land. Highly skilled 


fanhers^ however, are able to grow these crops 
from year to year in absolute succession witli 
most excellent results by maintaining the 
cleanliness and fertility of the soil. The rota- 
tion system, however, is to be preferred. It 
enables the farmer to produce greater variety 
of plants or crops, to maintain stock, such as 
cattle and sheep, and thus to produce abimdanc;c 
of farmyard manure, which is practically im- 
possible where the land is employed, however 
skilfully, for the production of gi*ain crops 
alone. The rotation system not only preserves, 
but promotes fertility." If a cereal cro)) is taken 
from year to year, it beeonu^s necessary to pro- 
vide manures containing nitrogen with great 
liberality, but although phosphatic manure 
is essential for some tim(\ mineral fertilisers 
collect in the soil to a greater extent than they 
can be utilised for want of some other crop 
which would draw upon thein. 

Fertilisers for Cereals. Nitrogen is 
the dominant fertiliser of the cer(*als, phos- 
phoric acid of turnips, and both phosphoric 
acid and potash of the pulses, clover, and other 
leguminous crops. If, therefore, we alternate 
these crops upon a recognis('d system, we enable 
one to feed upon the residue of fertility left in 
the soil by another, and in its turn to provide 
something for tlu^ crop which succeeds it. When 
a grain crop succeeds clovt'r or beans, it is 
enabled to drav^' upon the store of nitrogen 
which these plants have extracted from the 
atmosphere and hfft in their roots. When 
the soil has been exhausted of available 
phosphoric acid and potash, it is once more 
supplied with these materials through the 
medium of such fallow crops as the turnip or the 
potato, both of which it is usual to manure 
with liberality, and, under good farming, with 
dung as well as artificial fertilisers. 

In a rotation a grain crop usually succeeds 
both the mangel and tlie potato, and is thus 
provided with wliat it requires, although in 
many cases it may still b(5 advisable, where 
farming on the intense principle is followed, to 
give dr(‘ssinga of both phosphatic and nitrogenous 
manures. This is tlie more necessary for the 
reason that, under the four- course system of 
rotation, clover, or a mixture of one or more 
varieties of clover and rye grass, or of mixed 
grasses, is sown in spring with the growing 
cereal, to become in its turn a crop for feeding 
or mowing in the following year. 'I’he demand 
for food is therefore considerable, hence the 
importance of adequate preparation. 

Value of Rotations. There are, how- 
ever, other reasons why a system of rotation is 
advisable. By no other method is it possible 
to maintain tlie land in a clean comlition — in a 
word, to destroy weeds. This cleaning is effected 
where plants, such as the mangel, the sw'ede, the 
potato, the cabbage, kohl-rabi, or beans, arc 
grow’n in rows sufficiently wide apart that the 
horse-hoe may bo employed between them and 
the hand-hoe in the rows of plants themselves. 
Crops like the turnip or the cabbage, being 
frequently eaten off by sheep, indirectly improve 
the lighter soils, for the manure which is dropped 
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adds fertility, while tho oompactnoss which 
follows the herding of the flook ensures a more 
'»l)erfect aeod-bed. Again, the rotation system 
enables the farmer to keep within limits the 
ravages of insect and fungoid parasites, which 
are the cause of so much destruction. The 
crop being changed, the enemy, whoso attacks 
are confined to a particular variety, practically 
finds its occupation gone ; whereas if a crop 
which has been seriously attacked — as the 
turnip with the fiy or with the fungoid disease 
known as anbury — wore grown again upon tho 
same field within one or two years, the probability 
is that the damage would bo more serious. 

Prevention of Weeds. Tliis question, 
however, like that referring to insect and other 
pests, will be dealt with in succeeding chapters. 
Tho betUT the cultivation, and the more liberal 
the manure, the fewer the weeds and the heavier 
tho crops. Indeed, with heavy cropping, weeds 
have but little chance of arriving at maturity, 
while the material available for the production 
of dung becomes gri^atcr and greater in quantity. 
It is of prime impoi tance, however, to prevent 
the seed of weed.s, or even of cultivated plants, 
finding its way into the manure of stock, as, for 
example, the seeds of hay, which are so com- 
monly found in the manure of the stable and the 
cow -house. Grass seeds conveyed to the soil 
witli (lung intended for feeding any other than 
a grass crop simply produces abundance of 
weeds, for grass is a weed in any but a grass 
field. For a similar reason, home-produced 
grass seed, as the sweequngs of a loft, should 
not be employcid on the farm owing to the 
fact that it contains weed seeds, which are only 
removable by the machinery of the seedsman. 

The following diagram will suggest two 
methods of rotation: 
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or 

Mixed Seeds 


Manqei 

or 
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MEDIUM SOILS 


heavier classes of 
soil, mangel or 
esabbage may fol- 
low wheat, and be 
succeeded by oats, 
or even by barley, 
where this plant 
can be grown with 


Syatems of Ploughing. The system 
of ploughing adopted by a farmer depends 
chiefly upon the soil, but largely upon custom. 
Deep ploughing should never be resorted to 
whore the subsoil is brought to the surface. 
It is important, however, to plough as deeply 
as possible without harm in this direction for 
all fallow crops. Deep ploughing, too, makes 
the soil more porous, and paves the way for 
shallow ploughing in the case of most succeeding 
crops, which are in consequence more quickly 
started in life. 

The dung produced upon the farm is usually 
employed for the wheat, mangel, and potato 
crops, but on many occasions land is also 
dunged for swedes, cabbage, rabir and maize. 
The fertility of dung is not all utilised by the 
crop for which it is provided, a portion re- 
maining for the benefit of succeeding crops. 

In the rotation designed for the lighter soils, 
seeds are sown with the barley crop, which suc- 
ceeds swedes which have been eaten off by 
sheep. I'he heeding of sheep on the land 
enriches tlie top three or four inches of soil, 
through which the roots of barley ramify in 
search of food. Assuming that tlio 8wede.s 
have been grown by the aid of superphosphate, 
and that the sheep have also received cake, 
corn, and hay, it follows that the manure which 
they drop, both liquid and solid, not only con- 
tains a large proportion of the phosphates 
which were distributed on the soil for the benefit 
of the sw'edes, and which they have consequently 
taken up, but the fertilising constituents of the 
artificial food. 

It is not surprising, therefore, that even poor, 
thin soils, such as those resting on gravel and 
chalk, are enabled to produce heavy crops of 
grain and straw, and to retain a sufficient 
residue of fertility for tho benefit of the clover 
or mixed seeds w^hich are cut in the succeeding 
year. In many large sheep -breeding districts 
these seed.s, which may embrace sainfoin, 
sown alone, arc, like the swedes, consumed by 
sheep receiving cake and com, and thus the 
land is once more doubly enriched for the 
benefit of a succeeding oat crop, which many 
advanced farmers would assist with a dressing 
of such an artificial manure as sulphate of 


^ success. This 

^ 

>4 bo followed by 
Swedes Seeds, clover, or a mix- 

X. ture of clover and 

^ grasses, the seeds 

having been sown 
with the oat or barley crop, to l)e folloi^od 
again by wheat, for which they have prepared 
the way. 

Whore it is inconvenient to take wheat — which 
is an autumn-sown crop, although under ba^ 
conditions sowing is sometimes delayed imtil 
nearly Christmas — oats may be takpn, and wh^re 
the necessary ploughing beoomes impossible 
owing to bad weather, wheat sowing is aban- 
doned, an oat crop is usually taken aftpr 
ploughing the land later on. 


ammonia. This manure, « on light soils, is 
jPhreferred to nitrate of soda, owing to fact 
that it is much less soluble, and, consequently, 
not so likely to be lost in the drainage water. 

Four -course Rotation the Best. 
There arc other rotations employed % farmers 
in various parts of Great Britain, but the four- 
course, or JNorfolk rotation, to which we- have 
specially referred, is the best foundation which 
can be laid.. The greater, however, the ^asp 
of principles, the better able is the farwr to 
;iorm a rotatiem for himself, should he dd^ to 
make any change. Such a man will b^ able to 
ta$:e ** oatoh ” (irops, to which sb^) presently 
one c^p' fjc^^&uother, ox 
eyptti:to Allos^ his clover or seeds to 

„ a second or even, a tfcm year before 

plpi^hing up for a succeedii^jirain crop. 




laoD 





A GROUP OF TYPICAL MINERALS 

hif niifi Ciitnurt'ti frnm Aftturr 

IS«M* QKOUNil 









HiaTORV 


but wo must attach sdiuc imiwrtance to the face 
that the story did at the time obtain general 
libeptancc, and that the events it told coincided 
with the epoch when, for whatever reason, the 
power of the Decemvirate was brought to a 
sudden end. Tlie result was that Rome returned 
to the system of (biisuls and Tribunes, clectt^d 
according to tlu; former arrangements. 

New Laws. Laws were passed to ensure 
the inviolability of the Plebeian as well as of the 
Patrician magistrates, to prohibit the creation 
of any magistrate? from \vh()m tliore could be no 
right of appeal, and to give an equal share in the 
making of laws to Plebeians and Patricians 
alike. Not many years passed before flu; 
development of refonn made itself manifest in 
a new and striking manner. A law was made 
which allowed of marriage between Patricians 
and Plebeians, and thus truck at the very heart 
of the wdiole legalised Patrician system by sanc- 
tioning, and therefore encouraging, those inter- 
marriages between the orders, and the bringing 
into the world of families descended both from 
the Plebeian and the Patrician class. 

An important struggle took jilacc as to the 
conditions of the consular office. No Plebeian 
could, up to this time, be elected a Consul, and 
for many years there had been a popular agita- 
tion for the removal of the vestrietion. A 
definite proposal to this effect was made by one 
of the most popular among the Tribunes, and it 
was opposed for a while with vehemence by the 
Patricians. The contest was destined to end as 
most of the struggles betwetm the oligarchic and 
the popular order had hitherto ended. A com- 
promise was suggested on the Patrician side, and 
many of the Pat ricians welcomed the suggestion 
in the absence of any better way for getting out 
of the difficulty. 

A Compromise. The suggested compromise 
was that, instead of ('looting Consuls, the public 
should elect military 'J’riburies, who were at the 
same time to b(^ ('ndo>N’ocl with the civic authority 
of Consuls. The reason given for this some- 
what curious propo.sa] was that Rome, being then 
engaged in a succossiou of frontier W'ars, needed 
more than two generals to command her forces. 
Kven wlieii this so-called compromise had been 
accepted and madi^ legal, in 404 B.c., the Ple- 
beians continued to gain in strength, and they 
were able to carry tlie election of these military 
Tribunes in the majority of instances. It is well 
to notice the fact that during all those various 
elections many of the same influences prevailed 
on both sides which were common to elections 
in much more modern times, and that brilxjry, 
intimidation, liberal promises, serious throats, and 
the secret purchase of votes during canvassing 
were fteoly exercised in order to obtain for the 
more powerful agitators, the majority of votes 
for their chosen candidates. 

The Plebeians were becoming more expert in 
organisation, and at last became so successful 
that when the Consulships were restored, the 
Plebeians succeeded again and again in electing 
one of their own order to Consulship. Tho time 
soon came when all magisterial offices were 
thrown open to F)e))eians and Patricians alike. 
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The Patricians thus continued to lose privil^e 
after privilege, and the Plebeians were banning 
to be even richer as a class than .those who had 
bt*cn their former rulers and masters. 

In surveying this prolonged struggle, it will 
he seen that we cannot possibly regard the Patri- 
cians as a class animated merely by selfish 
motives and a desire to oppress their humbler 
fellow-citizens ; nor can we look upon the Ple- 
beians as entirely animated by an unselfish and 
patriotic love of liberty and equality. The whole 
struggle was in its nature and character very 
much the same as that which has gpne on among 
all peoples rising into civilisation during the 
history of the world. 

A Prolonged Struggle. The landed class 
has been brought up to believe its own order 
providentially endow^ed with the right to rule^ 
and the lower classes have not unnaturally been 
inclined to regard themselves as the victims 
of selfish tyranny. In the nature of things 
the poorer classes grow^ with the increasing 
opportunities whicli developing civilisation 
brings, into the capacity and opportunity 
for earning more money, for becoming traders 
and merchants instead of remaining mere tillers 
of the soil ; they thus become the possessors 
of land for themselves, and are all the better 
able to hold their own against their social 
superiors. 

This was, of course, a new' story in Rome, 
but it has bc'como a very old story in our days. 
The Roman Patricians ami Plebeians were just 
what their early conditions made them, and 
either set of men put, in the beginning, in the 
place of the other would have acted, in all 
human probability, much the same part as that 
w'hich was taken by the other. 

For a long time after the creation of the 
Tribunes the sami? struggle went cn between 
Patricians and Plebeians. The Plebei::is were 
striving unc^easiiigly for cavic equality in politics 
and for a reffonn in tlie land tenure system, and 
the Patricians as obstinately fought against all 
such levelling projects. Many times there 
appeared in the Patrician ranks some man of 
more advanced view s and more generous instincts 
than those of the majority of his fellows, who 
strove for agrarian reform and political equality. 
One of these enlightened reformers, Spurius 
Cassius, who had distinguished himself in his 
really patriotic efforts, was tried on some absurd 
charge of striving to make himself actual ruler of 
the State, was found guilty of the charge by a 
court under Patrician influence, and was put to 
death. His death, as often happens in the case 
of a patriot condemned for having striven in the 
cause of public reform, only served to call into 
existence other men inspired by his example and 
willing to risk much for the same cause. 

The Old Story. Some of the Plebeians who 
had made money were drawn to side with the 
Patriciins, in the hope, no doubt, of thus rising 
in the world. These men often lent their sup- 
port to prevent their own order from succeeding 
in the effort after equality and land reform. The 
Plebeians, however, continued to win ‘‘all alcmg 
the line.'' But in the meantime there were almost 
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unceasing wars going on, and these wars tended 
inevitably to withdraw public attention from the 
struggle for domestic reform, and to make 
success in battle the great object and glory of 
the State, fnall countries which are only as yet 
developing their civilisation, and have not 
])erinanently settled their form of government, 
sucli wars must naturally lead to the adoption 
for the time of smic form of dictatorial power, 
and this tendency was already clearly manifesting 
itself in Home. 

Frontier Wars* The history of Rome 
had heen almost from tlic founding of the 
city a history of continuous wars. Tlie 
whole of Italy was divided into separate 
States, some of which W('re peopk^d larg(‘ly hv 
invading foreigners, and througho\it the entire 
country there was no feeding of common nation- 
ality. When the Romans began to found a. 
State of their own they had to accomplish 
their work to a great extent by intruding on 
the State of their maghbours ; and when Rome 
had btvomo thoroughly established and recog- 
nised as a Power, it stood out distinctly as an 
individual State in Italy ; as Fran<5e or ('Tcrmany 
now' does in Europe. Then; w’ctv frontier wars 
almost incessantly going on, begun by neigh- 
bours who desired to occupy some of the teiTilorv 
of Rome, or by Rome desiring to have and to hold 
some nciglibouring land. The period following 
the rise of the Plebeians to political and civic 
emancipation and equality was made memorable 
hy s(.)me of the greatest wars recorded in the 
lustory of Rome. It was beginning to obtain 
a. com])lete supremacy in Southern Italy, where 
many Creek populations had long becaune 
established. This position, however, was not * 
ohtaini‘d until a most momentous and severe 
struggl(‘ had been brought to an end. 

Pyrrhus, the Famous King of Epirus, 
One of the most famous sovereigns of those 
times — indeed, one of the famous sovereigns of 
the world - -Avas Pyrrhus, King of E])irus, then, 
for the most ])art, an Asiaiit; realm. Pyrrhus had 
extended his dominions by his con((uests in 
Western Macedonia, and in the year 280 before 
tlie Cliristian Era, the Tarentinos -a (Jrecian 
colony in Southern Ibily— im])lored Ids h(*lp 
against Roman invasion. Pyrrhus agreed to 
undertake the work of defence, and hi' sail(*d 
Avith a considerable army and a larg(‘ number 
of elephants for the Italian shores. His first 
battle Avns long and fierce, and he lost in it a 
larf;e number of his fighting men ; but he Avon 
an unquestionable victory, mainly because of the 
])resence of elephant ailies— creatures such as 
the Romans had never seen before and against 
which they did not well knoAv how to contend. 

Pyirhus seems to have well understood the 
nature of his victory, for tradition reports him 
to have said that after one other such victory 
he must have to return to Epirus alone. ScAine 
of the Italian States, who. were growing jealous of 
the spreading power of Rome, became allies of 
I*yrrhus, and encouraged him in his iiorthAvard 
march. He pressed on to within 20 miles of 
Rome, but there he found that the Roman 
preparations for defence were too stiong for an 


attack with his remaining army He foil back 
southw'ard. and pas-its.! a Avinter in Tarentum, 
where he made his jweparations for reiiCAving 
the campaign. 

Another Victory. He once more measured 
his strength with the Romans, and once again 
lH‘came victorious in the batik* ; but ho Avas 
victorious at so heaA\v a cost that he found 
it n(‘cessary to Avithdraw for anotlu'r interval 
to Tarentum and do his best to restore 
the strcitglh of his force. .\ tiuce Avas agreed 
upon ln'tween Pyrrhus and the Romans, and 
Pyrrhus entered Uf)on a new Avar-like enterjirise. 
He went into Sicily to help the Sicilian Greeks 
against the Garthaginians. who Avere now'‘ 
becoming a formidable iin ading power endoAved 
Avitli a passion for con(iuest. Pyrrhus had much 
tlie same sort of fortune in Sicily as that which 
hcliad experienced in Italy. He began splendidly, 
but after a Avhik* rcceiAaMl a severe repulse from 
the (’arlhaginians — a repulse whi(‘h seems to have 
marred his calculations and dulk'd his hojKiS. 

The Sicilian Gre(‘ks anrl la* did not get on 
Avell log(‘llK*r, and .after a Ailiik* he AvithdrcAV 
his forces from Sicily, A\ith the object of again 
making Avar iqion Rome. A serious mishap 
came upon him while la* was ciossirig from Sicily 
to Italy. The Carthaginians attacked him with 
tla‘ir navy and destroyed tlie greater niimlK‘r of 
his vessels. Pyrrhus was not a man to be 
diseouragt'fl OA^n by la'avy losses, and he went 
on with his attempts at the capture of Rome 
as if nothing laid happened to diminish his 
military and naval strength. Again, (la* Avar-god 
Mai'S, as Avoidd (hen have b(‘(*n believctl, Avas 
against Pyrrhus. He sustained a heavy defeat 
at the hands of tla* Roman Consul. Curhm 
Heiitatiis, anti this (‘ndt‘d his (‘(Torts to compicr 
Rome. He had (o leave Italy and return to his 
own kingdom, Kpirus, Avlicrc lie arrived with but 
a A'ery small fraction of tla* army Avith which ho 
had set out iqioii his expedition. 

A Question of Supplies. Then a noAv 
difficulty ])resent(Ml itself. Pynhiis Avas still 
the undisputetl sovereign of Epirus, and still 
the commander of an army, hut a perplexing 
([lU'stion soon eaiiu* up to tniuhk; him — the 
(luestion as to how la* was to supply his 
army with food and clothing and w'eapons 
of war. His previous e.xpeditions had already 
exluuisted his restanTes, and there Avas not 
at that time, and in those regions, any loyal 
parliament to vote liberal supplies to the 
embarrassed ruler. No nay of obtaining funds 
could suggt*st itself to the mind of Pyrrlms. 
except the undertaking of a new military enter- 
prise which might end in the con(iuest of a foreign 
kingdom and the possession of anqde spoils. He 
therefore undertciok the invasion of Macedonia. 

In this he Avas successful, and was created King 
of Macedonia. This A\as a position which he had 
already held as a youtli during one of the con- 
quests of Mae(‘donia by the armies of Epirus, 
but his nominal rule over Macedonia only lasted 
for about half a year. Now that he was again 
King of Macedonia he led his armies against 
Sparta and Argos. His second rule as sovereign 
of Macedonia Avns not destined to last much 
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loilger than his first, for the Spartans defeated 
him in aM nts efforts to conquer them. True to 
Hthe whole policy of his life, he immediately 
attempted an invasion of Argos, and there a fate 
befell him which we may believe would liave 
been regarded by him as the most undesirable 
and the most unlikely close to his life of soldiering. 
He lost his life not on the battlefield, but by a 
stone or a tile thrown by the hand of a woman. 
The woman who brought to an end his varied 
military career saw him from her shelter on a 
housetop, and recognising him as the chief danger 
to her country, flung a heavy stone or tile at him, 
which struck him on the head and killed him. 

Death of the Warrior Emperor, 

Pyrrhus was then in his forty -t*ixth year, and had 
reigned for some twenty- three years. According 
to all we learn of him from record and tradition, 
he was a good ruler over his ow'n people, and over 
those whom he had conquered, except for his 
one ruling passion — the love of war and con- 
quest. That one defect filled him with faults. 
During his few periods of peaceful rule ho en- 
deavoured to make his subjects happy, and he 
held advanced views of civil government and 
the equality of orders and classes. HcAvas cer- 
tainly one of the most brilliant soldiers of any 
time, and it w'as characteristic of him that no 
defeats or even successions of defeats ever 
brought to him a feeling of despair or .shook his 
faith in bis ultimate capacity to carry all before 
him. If soldi<‘ring could only l)e a religious faith, 
then Pyrrhus might be said to have lived and 
died in absolute devotion to his cause. 

Roman Colonisation, After his death, 
Taventum w as handed over to the Romans, w ho 
levelled its fortifications and took possession of its 
fleet. Rome Ix^fore long completed the conquest 
of all the Italian regions south of tJie Apennines 
and miglit now be regarded as the ruling power 
over the whole of Italy. It seems clear that the 
policy pursued by Rome was one aiming at the 
absorption of all the colonics which she ha<l 
conquered into a willing submission to her 
rule and a desire for citizenship of the great 
rising State. Something like the sentiment of 
nationality was growing up throughout the 
Italian peninsula. “ One Italy,” the phim<\ 
so well known in our own times, had begun to 
be the motto and the prevailing desire of all the 
Italian populations which had been growing 
into self -ruling States, It is easy to understand 
how such a feeling must be stimulated in its 
grow'th by any attempt on the part of a foreign 
State to make herself the owner of Itjilian 
territory. Up to this time Rome had not 
made any effort to extend her dominion beyond 
the seas. She hod not a great fleet, and w'as con- 
tent with the construction of enough ships for 
the protection of her coasts. 

Carthaige, A new rival in power was coming 
into existence. In the recess of the Bay of Tunis, 


in the middle of the north coa^t of Africa^ WM 
the city of Carthage, which had been founded, 
as tradition tells us, by the Phoenicians of Tyre 
about a centuty before the building of Rome. 
The city itself is said to have covere4 an area of 
some fifteen miles in its most prosperous days. 
Poetic legend assigns the foimdatioii of Carthage 
to Dido, the daughter of a T’yrian king — the 
Dido whose love for iEneas forms a thrilling 
episode in Virgil’s great poem. Whatever may 
have been the origin of Carthage, it is certain 
that the city soon became the capital of a 
very powerful State. The Phoenicians had 
for centuries been a sea-faring race, and had 
established many ports and stations on all the 
seas within their reach. They were not warriors, 
but were animated by the spirit of travel and of 
commercial enterprise. They were, by nature 
sailors and traders. They now proved them- 
selves capable of brilliant war exploits as well ; 
and, indeed, men who performed such daring 
explorations of setvs hitherto U'Aknown to them 
could hardly have w'anted the (jourage which 
makes the .soldier. Carthage soon became 
engaged in w-ars against some of her neigh- 
bours, and the result of these was that she 
found hei*scH brought into rivalry with Rome. 
Rome felt an interest in some of the States 
against whom the Carthaginians ?nade, or had 
to make, war, and the Romans set about the 
building of a fleet in order to enable them 
to contend against their maritime opponents. 
The Romans had th(^ better in most of these 
encounters. 

The Punic Wars, Then began those wars 
between Rome and Carthage which are known 
as the Punic Wars. A groat soldier appeared 
among the Carthaginians, w'hoso name will ever 
b(^ renow’n(‘d in the world's history. This 
soldier was Tlannibal. He was the son of a 
famous Carthaginian gencial named Ilamilcar, 
who had served with great distinction in the 
first Punic War. The story is told that while 
these wars wore going on Ilamilcar took his son 
Hannibal with him on one of his expeditions, 
and made him .swear upon an altar eternal 
hostility to Rome. Hannibal was only eighteen 
years of age w hen his father fell in battle, and he 
seems to have kept ever in liis mind the vow he 
had made of hostility to Rome. 

He distinguished himself so much in the field 
that when he was only in his twenty-sixth year 
he was made Commander- in-Chief of all the 
Carthaginian forces. He is one of the first great 
military commanders known to history who 
succeeded in leading an army across the Alps in 
spite of the difficulties put in his way by the road*- 
less mountains and their wastes of eternal snqw. 
He marched directly towards Rome, and awaited 
the Roman army on the shore of Lake Trasi- 
inenus, a lake which the tourist can see from the 
windows of an Italian railway carriage. The 
Roman army w^as there completely defeated. 
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By W. E. 

IN the preceding section's \vc have dealt entirely 
* with descriptive geology. We have considered 
the constitution of the rocks and minerals whi(‘h 
form the crust of the earth. We now come in 
due order to the consideration of phy.sical, or 
dynamical, geology. By this is nu'ant the study 
of the various natural agencies which have given 
rise to the state of matte»rs which now obtains on 
the earth's surface Tt investigates the processes 
of change which are now at work upon the earth, 
and also helps us to sec liow, in tlu* far-distant 
])ast, they have modified the ])rimcval rocks. 

We have already seen that the earth’s crust, 
when it first solidified from its original molten 
condition, mu .t have Ihmui composed entirely 
of igneous, or (uystallinc, rocks. We know that 
at the present day the greater })art of the surfact* 
is covered with soil and stratified ^ , 

rocks, which are v(Ty greatly ^ trafer 

changed from that earliest solid 
})roduct of the fiery nebula. 

The business of pliysie; ' 
geology is to tell us in 
what way those changes 
took place. 

Uniformitar* 
ianism. The 
early g('ologists 
were in the liabit 
of thinking that 
this’ benefuient 
change from the 
bare volcanic rocks 
and the fire- 
smitten deserts of 
the early world to 
the fertile fields 
which now grow 
ri{)e for harvest, 
and the kindly soil 
on which man 
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lives and has his being, must hav(* been due to 
some correspondingly extraordiiuiry change' in 
the order of Nature. They were always ready 
to evoke the aid of some gigantic cataclysm in 
order to exidain the geological history of the 
earth. We are v. iser nowadays, and find ourselves 
able to explain all these change.s without going 
l)eyond the agencies which are still at work, 
both inside the crust of the earth and on its 
surface. 

It is true that many of these agencies have 
been accustomed to ojwrate in the past with far 
greater violence than they ever put forth in the 
present day. Our modern Aolcanic eruptions 
arc trifling displays of fireworks when compared 
^vith the gigantic outflows of lava wiiich produced 
many of the igneous rock formations of the 
earlier world. We know no such earthquakes as 
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those which shattered and nmt the crust of the 
earth while it was still thiuly covering the 
subjacent abyss of licpjid fir(‘. Ewn the cMction 
of comparatively gentle' ag(‘nts like winds, rivers, 
and waterfalls is probably much slower nowa- 
days than it was in the distant agt'S of the earth’s 
history, as written in the fo.'isilihTous rocks. 
The glaciers of the Alps and the Himalayas - 
even the gigantic ice harric'i- which defends th(‘ 
greater part of the Antarctic contijient — arc only 
a faint shadow of the ice-shisd which on(‘e 
clothed almost the whole of Nortlasri Kiirop(*. 
Hut though these agencies have lesseiKsi in 
degree, they are still the saim* in kind. The 
great doctrine of unijormitivi(tni.<im^ which w'a.s 
enforced by Sir (•harlcs Lyell with all tlu* weight 
( f his genius, and is now universally a.et‘(‘pt(‘d 

by gt'ologists, 
teaches us that 
v\c need md 
attempt to ex- 
plain the 
history of the 
earth by iiitro- 
duciug anv 
agents vvhieli 
show' a marked 
dificrcnc(‘ from 
thos(' which an* 
at work to-day. 
Such convul- 
sions of its 
surface as the 
cart h h a s 
known still find 
their analogues 
in the proce.ss(*s 
of Nature, and 
w(*re at th(‘ 
utmost only an 
exaggeration of 
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DIACJKAM OF A SIMPLK VOLC ANO 


the processes which we can watch in action at 
the present day. 

Processes' of Change. We all liav(* a 
general idea of the prorcsscs af rhange which art' 
now at work upon the rocks. We sec* the wind 
day after day sw'ec'ping up the dust from one part 
of the dry earth and heaping it U]) in another. 
Wc know that wluai the rain falls it convert, > 
this dust into iuikI, and often washes it away, 
leaving the surface of tlu^ fields or roads hare 
sheets of naked rock. The tomer and the 
gardener tell us how frost pulverisers the soil aiul 
splits up stones and rocks. We cannot take a 
country walk without seeing how the little 
streams and rivers are continually washing soil 
aw'ay from one place and depositing it in another. 
An inexpensive excursion to Sw'itzerland will 
familiarise us with the w'ork of glaciers in 
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chiselling oufc; valleys, smoothing rock-surfaces 
' gigantic planes, and transporting v^ist 
DOhlders from their perches hijgh up among the 
hills to perplex travellers in the valleys. Every 
holiday at the seaside shows us how the waves 
of the ocean are continually battering t h(' shore, 
breaking down the hardest quartz rock into fine 
sand, and ever making deeper and deeper inroads 
upon the most lofty and imposing cliffs. 

Internal Influences. We are less familiar 
with those agencies of change which arc within 
the sui*facc of the earth. In this part; of the 
world, at any rate, wo have no acquaintance 
with volcanic activity ; and if an earthquake 
does come our way, it is so gentle that, as a rul<‘, 
we only learn of its exishmcc from the news- 
papers next morning. But we know from the 
reports of travellers in the tropics that voleanoe.s 
are still at work pouring out lava over the 
surrounding land, that earthquakes are still 
competent to swallow 
up whole villages, and 
open chasms, which 
soriou.sly affect tlu^ 
surrounding strata. Tt 
is our business now 
to study the action 
of these various 
agencies as modifying 
the crust of the eartJi. 

Hypogene and 
Epigene Agen- 
cies. We may divide 
these agencies into 
two classes for con- 
venience of study, 
according as they 
operate above or be- 
neath the surface of 
the earth. There is 
a fairly obvious dis- 
tinction between the 
superficial agents 
which produce such 
changes as we m(*aii 
vhen wo Hf)eak of the 
w’cathcring of rocks, 
and tlioso subter- 
ranean forces wdiicli 
are the cause of volcanic activity, and give rise to 
earthquakes or to less perceptible secular move- 
ments of the earth. The subterranean agencies 
are called by geologists liyp<njene, while the su|x*r- 
ficial are known as epigene. Both these agencies, 
which do so jnuch work upon the earth's crust, 
owe their exisbmee to the same source of energy, 
l>cing derived ultimately from the heat of the 
original nebula out of which the whole solar 
system has been developed. [See Astronomy. 1 

The hypogene agencies, as may be readily seen, 
are mostly due to the heat still remaining in the 
interior of the earth . It is no difficult task to trace 
the association of volcanoes with the central fire, 
and we shall see later that earthquakes, and the 
slow secular movements of the earth’s crust, are 
alike due to the fact that the earth has been 
slowly cooling since it first came into existence. 

. The epigene agencies owe their powers almost 
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entirely to the heat of the. sun, which is iteell 
the residue pf the original nebula. They are 
I>ractically all due to movements of air and water^ 
or to changes of the temperature, or to the 
action of life ; and none of those could pxist if 
it were not for the sun’s heat. 

Agencies of Change in the Earth's 
Crust. It will be convenient here to riotioo the 
various agencies of terrestrial change in tabular 
form liefoiTi we goon to deal with them in detail. 

1. HYPOGENE. 

(a) VolcaiuH's. 

(h) Earthqmxkes. 

(^•) Slow secular movements, 

(d) Chemical action. 

2. EPIGENE. 

{a) Atmospheric. 

(b) Aqueous. 

(c) Glacial. 

(d) Organic. 


HYPOGENE AGENCIES 
Volcanic Action. By a volcano we 
usually understand a mountain, generally of 
( onical shape, whose summit contains a crater, 
or opening, through which hot vapours, hot 
gases, volcanic bombs, ashes, and streams of 
molten lava* arc ejected during its activity. 
Vesuvius, Etna, Krakatoa, and Mont Pelee 
present familiar types of such mountains. All 
volcanoes, of whatever type, are simply channels 
of communication between the surface of the 
earth and the reservoir of molten rook- which 
exists at a varying depth in the interior of the 
crust. In the past, however, volcanic activity has 
by no means been always associated with mouli- 
tains of this kind. When the earth was younger, 
and the solid crust was considerably thinner than 
it is nowadays, there were viwt eruptions which 
were due to the rending of th0 crust along huge 
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fiBsttres, often hundreds of miles in extent, from 
which millions of tons of inoltcm igneous rocks 
welled out and submerged the surrounding 
country. The only recorded example of sueli a 
fissure eruption in modern times is that Avhicli 
took place in Iceland in 1783; but the study of 
the geological record shows that such phcm.mena 
were extremely frequent in earlier ages, and 
gave rise to vast masses, of igneous rock. 

A Simple Volcano, It is easy to see 
why the modern volcano is almost invariably a 
conical hill or inoiiiitaiii. If we consider Avhat 
happens at a vi'Ut which has thus been opened 
between tlio molten inUwioi’ and the surface of the 
earth, vre shall sec tluit 
the molten rock, welling 
up from w'ithin the crust 
and overflowing in all 
directions from the vent, 
rapidly solidifies into a 
roughly circular mass, of 
which the vent is the 
centre. W hen more mol - 
ten lava is poured forth, 
it still W'olls out in the 
same eireular fonn. and 
the cone is gradually 
built up round the vent, 
which is bored through it 
as a vertical pipe. Tlie 
simplest type of voleano 
is that of a single eom* 
thus formed around one 
centre of eruption. TIk^ 
summit is usually t run* 
cated, and presents a cufi- 
sha])ed cavity, called the 
crater, into which tin* 
central pipe opens. ^lost 
existing volcanoes consist 
of not one, but many 
cones, each of which has 
at times been a centre 
of eruption. This con- 
siderably complicates the 
original constitution 
shown in the diagram 
[86]. A very fine instance 
is presented by Mount 
Etna, where there are at 
least two hundred of 
such cones. 

Volcanic Products. 

The volcanic vents which 
connect the surface of the earth with the 
molten interior emit various kinds of material, 
which may be classified as gases, water- vapour, 
lava, (pid rock fragments or dust. Many of the 
gases emitted by volcanoes have a corrosive or 
solvent action upon the rocks with which they 
come in contact. Superheated steam, which is 
one of the gases most common among volcanic 
products, has a powerful disintegrating action 
npon the lava through which it breaks its way. 
The water which many volcanoes omit -- gener- 
ft-lly, of course, in a highly heated condition — 
collects large quantities of volcanic dust, and 
forms a pasty ^conglomeration of w^hat is known 


as mud-lava. The chief import anceof volcanoes, 
however, as agents of geological change consists 
in the lam which tlioy omit. Lava is a term 
generally applied to all the molten rocks which 
are ejected from the interior of the earth. AVe 
have seen in the pr(‘(cding chapters that a large 
proportion of the igiu'ous rocks which originally 
formed the whole of the enrth’s crust were once 
volcanic lavas. ’J'hey vary considerably in 
chemical composition, in structure, and in 
texture ; but a largcu* text-book must be con- 
sulted for details. Lastly, in addition to gases 
and molten lavas, solid fragments of rocks an' 
frequently ejectcfl from an active volcano. 'J'he 
larger of these are known 
as ntlcanic bombs or 
bl'icks, which art^ simply 
picet's broken off from 
already solid! (it'd col- 
umns of lava, and hurled 
out of the vent by the 
pressure of gas, just as a 
shell is tircti from a can- 
non. A great quantity 
of .st>lid Jiiatter is also 
ejected from volcanot's in 
the form of dust w^iich 
has been produced by 
lh(‘ disruptive effect of 
gases at a high tempera- 
tun* and under great 
pressure. Tht'y explode, 
so to .speak, as the lava 
with wliieh they are 
mingh'd approaches the 
surface. This dust is 
often sent ffoating up 
high into the air, and is 
dilfust'd by the atmo- 
spheric currents over a 
verv large area. It has 
sometimes Ixcn known 
to travi'l lialf ronml the 
world before subsiding 
to the earth. The great 
(‘ru])tion at Krakatoa, in 
1 SS3, is heUeved to have 
cau.scd in this way the 
rem a rka hie su nset s wh ich 
were seen in England 
during the following 
summer. 

Volcanic Action 
Everywhere. Tlierc 
is practi(*ally no part of the world, as we 
now' know it, in whicli traci's of voh'anie action 
cannot be found. Once upon a time the earth 
K('(*ms, indec'd. to have ])een split and furrow'cd 
in all directions by the activity of the <ontral 
fires which arc now' a])})ron(?hing a state of 
quiescence. Now'adays volcanic activity is 
limited to a comparatively small numlM'r of 
regions, and extinct volcanoes arc considerably 
common?!’ than active oni's. Arthur s Scat and 
North Berwick Law, in the Scottish Lowlands, 
the regions of the Auvergne in Central Prance, 
and the volcanic Eifel, beside the valley of the 
Rhine, offer good examples of volcanoes once 
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active, b\jit which have shown no signs of eruption 
IlK thousands of years. There is no essential 
distinction between extinct volcanoes and 
dormant volcanoes, as history shows that a vol- 
cano which has been extinct so long as human 
memory records may suddenly break out into a 
remarkable state of activity. This was the ctxse 
with Vesuvius just l)efore the destruction of 
Pompeii. But there can be no doubt that, on the 
whole, volcanic activity has. steadily declined 
since the beginning of human history, and that a 
time will come when all our terrestrial volcanoes 
will be as inert as those of the moon [37]. 

Distribution of Volcanoes. ^ The dis- 
tribution of active volcanoef;, ‘ of which 
there are between three and four hundred 
now in existence, deserves studj . They 
are found in greatest number on the shores 
of the Pacific Ocean, whore more than 
half of the now active volcanoes 
are situated. As a rule, they are 
nituated in the neighbourhood of 
the sea or of some considerable 
sheet of water. They are generally 
arranged along lines of fracture oi 
folding in the earth’s crur.t, as, for 
instance, in the chain of the Andos. 

Many volcano:.‘» also arise from the 
(Submarine ridges of the ocean basins, 
and a few, as in Italy and .Iceland, 
are ranged in groups in place of the 
prevailing distribution in a linear 
aeries. Geologically considered, vol- 
canoes may bo said to mark the 
places of weakness in the earth’s crust 
where oome vast fracture has occurred 
in the rocky mass. The liquid rock 
of the molten interior, under intoler- 
able pressure, makes its way to the 
surface through these fractures and 
along the lines of least res stance. A 
study of the geological record shows 
that volcanic action has always been 
most abundant in certain 
limited areas which mark thes^ 
great lines of weakness in the 
earth’s crust. The special 
geological work of volcanoes 
and of fissure eruptions has 
been to bring to the surface 
the vast marisrs of igneous rock 
which in many cas s have 
thus been intruded among the strata of earlier 
sedimentary rocks, upon which they have had a 
w'ell -marked baking or metamorphic action 

Geysers. In speaking of volcanic action one 
should mention the curious natural fountains 
known as geysers [88], s.^ common in Iceland 
and in the Yellowstone Park. Tnose are, so to 
speak, water volcanoes, or springs, which rise 
from an extremely hot region. Their water is 
periodically ejected in jets or fountains by the 
pressure of steam formed in the lower portion of 
the pipe and unable to escape except by this 
explosive action. 

Earthquakes. The study of earthquakes, 
known as seismology, has made a very consider- 
able adV’dibce hi recent years. This is largely 
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due to the interest that Japan* as a rising nation^ 
has been forced to take in the convulsions which 
arc continually shaking her cities to the ground* 
and which compel her architects to study the 
conditions necessary for erecting permanent 
buildings, in spite of these constantly recurring 
and inevitable shocks. Earthquakes in our own 
country, as wc knog^, are scarcely ever violent 
enough to endanger our buildings ; at the worst 
a wall may be cracked, or a chimney shaken. 
But in the countries where earthquakes are fre- 
quent and considerable in extent they have been 
known to cause terrible destruction. The city 
of Caracas was nearly destroyed in half a minute, 
with 10,000 of its inhabitants. Port Royal, in 
J692, and Tasbon, in 1755, were almost entirely 
wrecked by earthquakes. 

We know now that thess gigantic convulsions 
are merely the temporary exaggerations of 
tremors which are constantly passing through the 
surface of the earth. The seismometer [89] — an 
instrum?nt consisting ( ssentially of a carefully 
balanced pendulum which is sensitive to the 
slightest motion in the bas3 upon which it is 
suspended— shows us that the earth is continually 
and everywhere traversed by rapid and w'cak 
tremors, as well as by shocks of longer duration, 
and often of periodical rceurrence. Earthquakes, 
as a rule, are merely exaggerations of these move- 
ments. When the motion of the earth’s surface 
as indicated by such instruments exceeds 
I in. in extent, the result is an earthquake of 
an extremely dangerous and destructive kind. 

Earthquake Waves. All these tremors are 
due to waves propagated through the crust 

of the 
earth by 
o a as e B 
analogous 
to the ex- 
plosion of 
a mine or 
the fall of 
a huge 
stone. The 
jar which 
we feel 
through- 
out the 
house 

39. SEISMOMETER when a 

heavy 

vehicle passes along the road, or when a 
stout man jumps out of bed on the upper floor, 
is precisely similar to what we call an ^rth- 
quake, though, fortunately, less in degree. 
These earth-wavos travel at deflnite speeds* 
which can be niea^mred with considerable ac- 
curacy and which vary according to the sub- 
stance through which the waves are transmitted. 
They naturally travel faster through a hard 
and close-grained rock like nanite than through 
a loQ83 substance like sand. The direction in 
which they are travelling at any particular place 
can be determined by observing the direction in 
which walls [40] or similar objects are cracked by 
shook* and which are, of course* at: right angles 
to the emerging wave. If* whehs m. eartliq:uake 
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occurs^ several observations of this nature have strain. Every mile of the superincumbent 

been made in different places, it is possible to strata is probably responsible for a pressure of 

make a fakly close approximation to the place 20 or 30 tons to the square inch upon those which 

at which the earthquake originated beneath the lie beneath, and it is clearly eonceivable that 

surface by prolonging lines backward from each 
of these stations, and calculating the point at 
which they would all meet within the earth [41]. 

It has thus been observed^ that cartlKiuakes 
usually originate within the* upper portions of 
the earth's crust at a depth which is seldom 

greater than 14 or 15 miles. ^ . 

The Cause of EaHhquaKes. It is nr«> .f 

not difficult to see that we must look for the cause M, direction of earthquake waves 

of all eaithquakes, from the merest tremors 

insensible to man (wliich nevertheless leavo every now and tlien the most massive rocks 

their traces on the delicate instruments of the must yield or snap under this intolerable pres- 

Heismologist) to the vast cataclysms which wreck sure. When they do so, a more or less violent 

whole cities and submerge long coast-lines set of waves are originated, which radiate out- 

l)eneath gigantic ocean waves, in some siibter- wards in all directions, and when they reach the 

ranean shock or displacement. This may occur surface of the earth give rise to all the destruc- 

in various ways; sometimes it may l>e due tive phenonuma which we call by the name of an 

to the sudden collapse of the earthquake. There can be 

roof of a subterranean cavern. In little doubt that these ruptures, 

limestone districts, where the or readjustments, arc continu- 

underground w'ater is able to dis- ^^ll.V on in a small way, 

solve the substance of the rock;;, give birth to the constant 

and thus to leave huge eaves, whic h t iny tremors which are recorded 

every now and then bceoinc r7 ^" 3.'. seismological instruments; 

incapable of the task of support- / mBH ^ ||Rt1 but it is comparatively seldom 

ing their roofs, small eartlicpiakcs I y violent enough 

of this nature arc not unec mnion. I ^ 11, Fj to procluee seriously cle- 

A small numl)er of earthquakes, .S? Ijllf struetivc effects, 

again, are no doubt dm*, to ^ Hij infrequently earth- 

volcanic explosions in the w!,’ii r .liSiiiiniiilll 1™ quakes take place on the floor 
lowei regions of the earth's , of ocean basins, 

crust. It was once supposed N. isiwtiouMf vva\.‘.>t wljerc they generally 

that earthquakes were always \ nKi.tau>.icsto.,.u.k tbemsolvoi known 

densely connected with vol- 40. house shaken by earthquake by the propagation of vast 

canoes, but this proved io ocean waves, which cause 

bo an erroneous view ; and, as a matter of fact, serious, and often fatal, inundations when they 
the most pow'orful and numerous earthquakes reach the nearest land. In ISlHi, nearly 30,000 

<»ecur outside the limits of volcanic districts. people were thus drowned on the coast of Japan 

It i.s now generally admitted that the reeog- by an earthquake; wave, w’hich v\as also felt at 

nised cause of most earthquakes is to be found San Francisco, nearly .5,0(M) miles away. Sub- 
in the sudden yielding of subterranean rocks marine telegraph cables are not infrequently 

which are under great strain from the superin- broken by these submarine eartlujuakcs, and a 

cum bent strata. It can readily be seen that at a famous scare of invasion was raised in Australia 

<lepth otfive to fifteen miles beneath the surface, a, few yeais ago by the simultaneous destruction 

where the majority of great earthquakes . origi- of all the cables, and the consequent isolation of 

nate, the rocks must be in a state of extreme that continent from the rest of the world, 

Omtinmd 
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THE PIANOFORTE 
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Meaningf of Technique. The Instrument. The Two-fold Function of the Keys. 

Coiiilnueil from 

Control of the Key Hammer. KeybDard and Pedals. Correct Position of the Hands 

pujto lor,i> 



By M. KENNEDY-FRASER 


\17E have already studied tlu^ 'rheory of 
^ Music, the nature of Seali's, tlie laws of 
Tonality and the nature and fiinetioii of Rhythm, 
etc. We have learned how music is written 
down, how to V(‘ad its notation. We have now 
to learn to reproduce written music - to “ make 
music,” as the Oermans say airl to do tliis by 
moans of the pianoforte. 

Our pianoforte education has two distinct 
brandies. Jn th(^ one we learn to conceive the 
effect intend(*d by written music. We learn to 
bear it wdtb the mind's ear, we h'arn to lb ink it. 
In the other w'e learn to express this thought by 
sounds that wc‘ and our audience can hear. 
This latter hraneli wo call hr/inl(/tn\ in tlie 
fullest sense of the term. 

Technique. The learning of Ti'diniipie (th(‘ 
pow’er of expressing oursdv(‘s) us *d to depend on 
an aptness for imitation. Our teachers played, 
and we did our best to imitate tliem ; and, by 
dint of mueh trying, sometimes sue<!eeded. 
They could teach us these inattias of exi'cution 
by example and suggestion only. But now 
both tlie how' and the why of good piano bn-h- 
nifpie have been diseovered and written down 
for us, so that it is jiossible for all of us to 
learn from books. These books an* The Act 
of Touch, ’* a seientitic treatise, and “ First 
Principh*s of Pianoforte Playing,'’ a student's 
primer, both bv 1’obias Mattbay. '^rhey show- 
how it is possible* to aeepiire (in a direct way) all 
the different forms of expertness ineludiKl in 
the term Pianoforte 'Peehniijue. For the term 
thus used in its widest sense simply means tlu' 
ability to use the keys effect ively and easily, and, 
ns Mr. Matthay lias said, “ on onr eovreetness 
in the Act of Touch, tjierefore, d(*pends all 
success in ])ianofurte playing in whatever 
direction, agility, beauty of tone, brilliaiiey, 
power, and ability to give those inflections of 
tone from note to note which rend(‘r musi(! 
intelligible.” Our entire teebnitjue depends, 
therefore, on our obedience^ to these Laws of 
Touch, and oil our teehnifjut' again depends 
entirely our power of ex])resi;ing what we feel. 

To begin the study of pianoforte playing in this 
direct and seientitic way wbieli has thus been 
made possible for us, we must, ladore think- 
ing of our fingers and bands, lind out what, 
the piano is, and wdiat treatment it requires 
from us. 

Instrumental Facts. 'Fiie ])ianoforte 
is a harp-like instrument enclosed in a wooden 
box, the nature of which is disclosed by 
the “ case ” of a “ grand ” piano, whit:h still 
retains this harp-like shape, although now' 
supported table-wise on throe legs. The upright « 
or “cottage” piano, although its case is quite 
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ditVerent in shape, is still harp-like W'ithin. 
'Phe strong metal frame |1] strung with wires, 
from the short, thin ont‘s giving the highest 
tones to flu* stout long ones sound- 
ing th(' bass, is thus no longer held 
upright by the player like a harp, 
nor are its strings plucked by 
his fingers. But, instead, care- 
fully poised hammers, covered 
witii thick felt, arc driven 
against the strings to set them 
in vibration. These hammers 
an* confi’olled by a sot of cun- 
ningly devised wooden tools, 
overlaid with ivory or ebony at oiw? end — the 
end that ()n‘Kents itself to the player's fingers. 

The instruineul consists of two distinct 
portions: (I) the* miisie-making portion — f.c., 
tlu^ strings and their reinforcing sounding- 
board — and (2) the set of tools wherewith w'e 
may induce* the sound. 

Function of the Keys. Now, these 
“ tools ” have a two-tbld function. They are 
see-saw's, ollVring an ivory or ebony key to the 
finger at oik* end. and furnished with a hammer 
to strike thi* strings at the other end ; and these 
“ keys ” — nob* this- -control the actions, not 
only of the hammer with which w(^ excite tone 
at will, but also of the “ damper ” with which 
we stop off tone at will. Thus the keys are the 
fools with which w'(^ chiefly command the 
vibratory — /.c., sound-producing pow'crs of the 
instrumenf, and we must examine them 

closely. The 
key is a lever, 
of the nature 
of a see-saw, 
and its posi- 
tion and 
action are 
roughly 
shown in 
Fig. 2. 

Control of the Key Hammer. Let 

ns press gentl}^ on the ivory end of one of the 
keys of the piano. It wdll go down under the 
jin^ssure (as would a see-saw), and, the other end 
rising, will, if the action be swift enough, throw 
the hammer against the strings. The strings 
vibrate and produce a sound. Now release the 
key from the weight of the hand and arm ; the 
key wdll rise, and, as it rises, the sound will 
cease. What has happened ? When, by the 
see-saw motion of this key-end, we managed to 
throw' the hammer at the other end against the 
string, did the hammer, after hitting the striitj, 
continue to press against it? No. For, if it 
had done so, the string would not have been 



2. TIIK KEYS 

A. Ivoiy Key-ciid. H. Hammer. 

C. JIaiiiper. J). String, b. Key-bed fdt 
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free to vibrato, and no tone would have resulted. 
What happened was this : the hammer, as 
soon as the sound was produced, fell back a 
little way from the string and allow'ed it to 
vibrate freely ; and this the string continued to 
do till we suddenly released the key, and the 
tone as suddenly ceased. 

The Damper* Why did this happen, and 
why must we keep the key depressed if w’c wish 
the sound to continue ? Because the ki\v, 
when depressed, is keeping the damj^r off the 
string, and when the key is allowed to rise 
the damper is permitted to settle down again 
on the strings and stop their vibration. Re- 
member, then, that when a key is moved it is 
the beginning of the sound which indicates that 
its hammer function has been fulfilled — all that 
romains, the continuance of the sound. (U‘pends 
on its damper function. And this is the first 
thing wo must learn, and the last thing wc may 
forget in using piano-keys to make music. 

The Key-bed. We know something alx)ut 
the key with its hammer and its damper atten- 
dants, but in the key’s retinue then' is another 
small unseen, and at times ill-treateiL ap])anagc 
that concerns us as pianists, find must not be 
overlooked. This is the little piece of felt 
under the extreme linger-cmd of the key, which 
prevents the key from jarring against it.s wooden 
‘‘ bed ” when it is pushed down. The see-saw 
key manages throw’ the hamnun* against the 
string just before it (the key) reaches the bottom 
of its “ bed,” and if wc were keen enough always 
to listen for the beginning of the sound and never 
to move the key any further tJian to that 
moment of sound-birth, these poor down- 
trodden key-bed cushions would be unnecessary. 
But careless, unskilful players, and even adepts 
at times, try to drive the keys too far down, 
and these “ felts ” in the bottom of the key-btal 
act like buffers and soften a probable, but quite 
uncalled-for, collision which might otherwise 
})rovo disastrous to the pianoforte mechanism. 
'Phey may thus be u.sed, but should never he 
abused, and, to (juote Mr. Matthay, “should 
<*ertainiy not be squeezed ‘ as though they were 
ripe fruit from which we could extract sound- 
juice.’ “ 

The Keyboard. The finger ends of the 
keys are not all alike. They are grou])ed in 
easily recognisable patterns in black and white. 
1’he even row of ivory — in full “grands*’ 32 — is 
l»aehe|[ and intersected by a higher and narrower 
row of ebony keys (3b), and these fall into 
•'alternate groups of twos and threes. Ilie entire 
^eri(^^i (88) is called the keyboard, and the player 

expected to reach and control with one or the 

■■■liiiBiiiiiiii 

8. KEYBOARD Ual ” [3]. 

Damper Pedal. But in addition to the 
keyboard, or manual, we shall find two pedals 
to be worked by the feet. The right-foot pedal 
c^ontrok the campers* Depressing it, we raise 
S}}. damtibrs ^niultanebusly off the strings. 
With the damikr p^l thus depressed, a tone 


produced by the down movement of a key 
will continue to sound even after the key has 
been allowed to rise. But this damper pedal 
not onJy prolongs the sound, even should the 
key rise — it affects also the character of the 
sound. For, all the strings of the instrument 
being by its action left free to vibrate, many of 
them vibrate in sympathy with the hammer- 
affected strings, adding thus to their oi'iginal 
volume of sound, while by the non-pereussivo 
quality of their tone they affect also— and this is 
iinpoitant — its gmlity. This right-foot pedal 
is often termed the “ loud ” pedal. It may Iw 
used while playing at one's softest, hut its 
application w’ill be treated further on. 

The “Una Corda** Pedal. The other 
pedal is controlled by the left foot, and its func- 
tion also is one of affecting the tone quality of 
the instrument. To explain its use w’e must 
again examine the harp-like arrangement of 
the strings. The long, thick bass strings are 
single — one to each hammer and key — but, as 
with the lising pitch the strings get shorter 
and thinner and consequently weaker in tone, 
w’e have two strings tuned (o one pitch, and, 
higher up, thr(‘(‘. The left-foot pedal, when 
pushed down in a “ grand,” moves the wdiole key- 
board with all its hammer mechanism a little 
to one side, so that a hammer no longer strikes 
all the strings allotted to it, but leaves one 
unslruek, and this one, sounding with a sy7}h 
fHithtic vibration only, modilics the ehai’aeter of 
the tone. 

That the part of the hammer which comes 
now’ in contact with the strings is less used, and 
consequently softer, w’ill also slightly affect the 
tone. The left-foot ix'dal is often erroneously 
called the “soft ” p(‘dal. Ft t’ertainly does 
weaken the tone-amount, but we may play at our 
softest without it. It is properly termed the 
“ ujia eorda ” — f.c., one-string jx^dal. Tlie early 
piano did not have more than two strings, and 
the “ verschiebung ” — to use the German term 
for tlK‘ ima eorda,” meaning the [)ushing 
aside— permitted the hammers to strike only 
one string. Tlu' dam))er and “ una eorda ’ 
}M*dals may used together. Gare should be 
taken when using the “una eorda” pedal to 
fnliy de])ress it, }>rovidetl it is properly adjusted. 

How the Keys are Named. Most 
“ uprights ” are without this device, and are 
provided instead with a strip of felt to soften 
the tone, or other devices, none of which, 
however, takes the place of the proper “ una 
eorda.” 

Roughly speaking, the eailier music, ^jven up 
to the eighteenth century— /.c., Fxfforo Beet- 
hoven’s tinie, may be and often tnust be played 
without the use of either pedal, while most of the 
pianoforte music of the nineteenth century— 
that of Chopin and Schumann, for instance— 
cannot be adequately performed without the use 
of one or both. 

Now let us return to the keyl)oard, for it is 
with the keyboard that we shall have to occupy 
* ourselves chiefly ; hut let us ne ver forget as 
pianists are only too apt to forget — that the 
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keyboard if* not tlic instrument, but merely the 
“ftet of tools’' with which we may use it. 
mve must learn, then, to be expert with these 
tools, so let us make their better acquaintance. 
Seated at the middle of the keyboard, let us 
oass our hands over it. It pn^sents an inu'ven 
'surface to the touch, the ebony keys lying higher 
•■/han the ivories. This uneven surface is an 
advantage. * 

We must learn to read easily the music 
written to include the hUiek keys, sinet* it is 
easier to 'play, though more difticuU at first to 
than music; employing only or mostly 
the w'hite keys. 

What, tonally, does this keyboard command? 
A series of sounds, each half a tone apart. And 
its 88 keys are named with Inil sevim letters of 
the alphabet — from A to (J. Tlu* white keys 
only are nam.Hl; the ebonies take their names 
from the ivories that lie next to them, 'rhis 
series of seven letters repeats itself throiighont 
the extent of the keyboard ; that from A to (i 
was the old frirm of our inodcMii minor scale, 
that from C to B the prototy pe of the modern 
major scale. 

Eye Knowledge of the Keyboard. 

We must learn to rec(jgnise qiiic'kly and sandy 
the place and letter nunu^ of cadi white key 
l)y its place in the keyboard pnflerti, by its 
relation to tin; groups of two and three 
black keys. Take 1) first, bolwceii two blacks, 
and jind D’s all over the keyboard ; listen to 
them — all alike though ditforent. Nt‘xt find 
O'h and K's, next-door neighbours to D's : add 
B's and F’s, (‘ach at the extremes of the three 
black-key groups ; and finally add 
A and (t. We must work at this 
(Avith other studies) for days or 
W'oeks till masli’ied. Later, add 
knowledge of altered notes, notes 
raised or lowered half or whole 
tone For such sharfiened (raised) 
or flattened (lowered) sounds we 
must use the contiguous black or 
Avhite keys [4J, But finding the 
keys by the eye, and testing their [)iteh, and 
trying to remember this by car (as the 
musician must do), is, after all,\mly the l»egin- 
ning of knowledge for the pianist. Ur 
must learn to find and recognise the keys 
blind, Tnis ho can do only by the sense "of 
touch and by mental muscular measurements. 
.Again, to do this, Ik; must learn w ith his lingers 
and hands to rest on the keys. 

If we have studied earetiiUy every word of 
what lias been said Ave noAv kiiow something of 
the instrument, and of the mechanical means 
pro Added in it for producing tone. 


Importance of Resting. The next 
question is, liow must Ave use the keys ? How 
direct the arm, hand, and finger against tho 
keys to move them ? Wc must learn, first, to 
rest on them, that our sense of touch may toll ua 
AA'hero they are, and that another sense the 
muscular sense ” — to Avhich Ave must pay great 
heed, may tell us how heavy they arc, how much 
resistance they offer to our resting weight. In 
order that the fingers may really rest on the 
keys, the hand must be allowed to hang loosely — 
limply — from th(‘ arm. We murit learn this 
first. 

In tin; daily active use of the fingers (af)art 
altogetluT from piano playing or study) tho 
hand novcT hangs from the arms ; yet in acti\e 
finger piano })laying it must learn to do so. 
This is a muscular condition which, in active 
use of the lingoni, is quite new to us. We must 
study it, understand it, and be able to induce 
it Avith porfeet ease, and never rest satisfied 
Avithout daily testing it at the keyboard and 
aw^ay from it. 

Position of the 
Hand. To learn Avhal 
we m(*ari by hanging the 
band loosely on keys, let 
us try holding the hand 
' \ Ati \ keys, but not 

\ W'\ 1 touching them, in tlie 
) / A Avay indicated in 6. 

\,V / j I It is evident that as 
^ ' '' lony as we. do not touch 

5. ixjosKr.Y h,ax(:jv(< f.he keys the hand (at this 
angle to the arm) is sup- 
porting itself ; it is w t 
hanging hiosely from the arm ; Ave are using 
its upholding inuselos, the mui’.ck's that 
prev'cnt the hand falling by its owm Aveight. 
Thesf* must relax ; they must relax so that 
the hand in playing may bo supported on 
the keys by tho fingors. Tlie appearance, 
the mere position of tho hand w^hon tin; 
fingers aro on tho keys, Avill not help us in 
securing tho loose Avrist ; for the Avrist may 
he held high, medium, 
f “f ' ^ or low, and in any of 

; these various positions 
may, or may not, be 
• ' — " still. If Ave Avould 

6. HAM) IH’HELl) BY mako SUFC of tllO 
ITS OAVN MrscLEs wrist wx* mast 

see to it that the hand 
is really suspended between arm and fingers, 
and that being the case it Avill hang loosely 
Avhether the Avrist-end of the fore-arm be held 
Iiigh or loAV. 
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By ERNEST A. CARR 

'THE incomes of municipal clerks vary almost skill arc six^cial cjualiticaiions. Api)oinlmcutH 

indefinitely, according to the duties they as cashiers and ledger clerks arc usually recruited 

|)erform and the liberality or otherwise of their from the junior staff, and salai ies range from 

employers. At the head of the calling are £80 to £250 a year. In this department, also, 

such responsible positions as principal clerkships there arc higher aj^pointments, ns chief hook- 

under the City Corporation, with salaries keeper, chief accouiifanl. and other posts, 

I'anging between £650 and £1,000 a year. with salaries running up to about £500 a year, 

other extremity is occupied by temporary “ With I'cgard t<) the Town-clerk's Depart- 
office clerks, performing routine duties for a ment, a ratluT higher standard of education is 

bare £1 a week. Between these extremes lies rer|uired here than is the case with the other 

every imaginable gradation in value and dignity ; departments of thi; corporation. Appointments 

and as there is no uniformity of syst-em in the of committee clerks are usually held by the 

Service, each local authority being a law unto town-chu’k's statT, with salaries ranging from 

itself, the vast bulk of clerical employment is about £200 to £.‘100 a year. In this department 

too incongruous to admit of precise classitieation. are law clerks and j>arliameytary, registration, 

To this general want of system, however, there and election clerks, with salaries ranging from 

are many exceptions, tlie most notable ease about £100 to £350 a year. In nearly all cases 

being that of the London Lounty Council, these ap])ointincnts are tilled by clerks w'ho 

whose clerical staff will be separately considered have gradually progressed to their position by 

in the course of this article. It is necessary long service and (‘xpcricncc.’ 

also to remember that for some officials mum- Junior Clerkships, ‘riu* broad plan 

eipal clerkships are merely stages on the road to thus ably sketched is Kul)ject in particular 

leading or professional rank, whilst for others instances* (as its writer expressly eoneedes) to 
they are both means and end. many modifications. A numhev of borough 

An Expert’s Views. The couitesy of councils, for cxamjilc, ]>refcr to recruit their 

the Town-clerk of Birmingham enables us to clerical staff by taking into their serviee, at 

firescnt to our readers an admirably clear and more substantial salaries, youths between the 

eomprebensive summary of the general prospects ages of 17 or IS and 21 years who have already 

afforded by clerical employment ill a cor})orat ion had some special training for office life. In 

of average size. After promising that special such cases a knowledge* of shorthand and 

factors may influence the progress of evc‘ry typewriting, or exjiericnce in a commercial 

clerical staff, Mr. Edw'ard O. Smith, the Towii- office, is usually essential ; and the n'lnunera- 

clerk referred to, proceeds as follows. tion, starting at some ligure betwi'cn £45 and 

“ Generally it is the practice for covjioration £7t) a year, advances annually £,> or more to a 

clerks to start as juniors or office hoys at maximum of £80. £100, or £12(t. Promotion to 

salaries ranging from £15 to £25 a year, the higher posts, while always based ujion ability 

necessary qualifications being, as a rule, that and merit, is in somt^ municijial offices dc- 

the lad is of good character, has had a fair pendf*nt on (he occuireiicc of suitaiile vacancies 

education, and (in most cases) shows a good Other authorities graduate tlicir staff in three 

knowledge of figures. Junior appointments are or four classes, pv(»viding that w1m*u an officer 

sometimes filled on the recommendation of he^id attains the maximum r)f his class his claims to 

masters of public schools who have likely promotion to the next may be. considered 

pupils leaving school and desirous of getting irrespectively of office vacancies, 

into the Municipal Service. How to Enter. It may be useful at 

“ In th© large departments of the Corporation, this stage to consider dclinitcly what steps 

•Such as gas, water, electric lighting, or public should be taken by a lad (or by bis jiarents on 

W'orks, tjtese juniors w’^ould progress into counter, behalf) for wliom a municipal clerkship is 

rental imd exchange clerks, accountant anti desired, la the first place, lx* should he traimxi 

ledger clei^ks, cashiers, collectors, and ffistriet to write a good clerkly hand, rapid if possible, 

clerks, vnth maxima of about £150 to £180 n, but, at all costs, distinctly legible. Commercial 

year, work of these clerks is in most arithmetic, and especially the ability to manipu- 

eases routine, but exceptional ability may be late largo masses of figures without a inistake, 

rewarded with positions as chief clerk, office is more valuable to him than uncertain flights 

J^uperintondent, departmental accountant, etc., in higher mathematics. It follows from what 

with salariea, ranging from about £250 to £500. has been said about the qualifications of junior 
“ In the .Treasurer’s Department the same clerks that a knowledge of shorthand and 

rule as to juniors may be said to exist. Here a typewriting and the rudiments of bookkeeping 

good knowledge of figures and some bookkeeping are also very serviceable acquisitions. 
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As 3<>on HS tho aspirarft is moderately adept 
Ml these studies, which should be in oV about 
his sixteenth year, the town -clerks of several 
Buitalde eory)orations should be a])pioaehed. 
The larger the boroughs, of course, the better 
are tlie pros])ects of a vacancy. From the head 
official, particulars can be obtained as to the 
qualitieations required of candidates, the age 
limit. s imposed, and tlie method b}^ vvhieli 
vacancies are jilled. If the prevalent practice 
is followed of maintaining a “ w'aiting list ” of 
suitable candidat(‘s, all that remains is to 
comply with wliattnau* formalities are requisites 
for the insertion of the studemt's name, and to 
continue his training while awaiting notice of 
a vacancy. It may he, however, that the lists 
are already overhuideiied wdth 2 )rior claims, or 
that a])pointments adv(utised — though thivS 

latter nudhod is not generally adopted in respind 
of offiee youths and junior elerks. Reeourse 
should then he had to other a\iU\orvties ; and 
meantime the announcements of rnunieipal 
vacancies refmavd to in a iJiovious article 
(page 4.")1) should bo scanned, and application 
made for such junior positions as are advertised, 
until, by either method, a suitable post is 
secured and the youth is laimehed on his oflieial 
ca/cer. 

Prizes of the Clerical Service. 

The general scope of numiei])al clerkships is 
clearly indicated by the expert w(‘ have quoted. 
Under many leading authorities, however, there 
are higher clerical posts oeeasionally accessible 
as heads of departments, oonimit tee secretaries, 
and so forth. The City Corporation, as already 
mentioned, offers several such prizes. The 
principal clerk of the public health staff, who 
has 30 years’ brilliant service to his credit, 
receives £l,S00 a year, his colleagues in the 
chamberlain's and town-clerk's office £1,(K)0 
and £950 respectively, and the chief rating clerk 
£850. TIu^ Mt‘troj)olitan Water Board lately 
advanced a. district secretary to a post com- 
manding a salary of £000, and clerical appoint- 
ments wortli from £500 to £750 a year are 
similarly w(.)n fiom time to time in almost <?very 
busy eorporatioji. 

Necessity of Specialising. Such 
prizes are captured by the men who, being 
neither routine-bound nor content with the bare 
qualifications exacted by their w’ork, have 
syweialised as tluar jiidgnunt suggested. And 
this course is essential for the clerk who is not 
only ambitious, but resolved to reali.se bis 
ambitions. Having chosen his work, he must 
sedulously fit himself for higher offiee than he 
holds. Is public healtli to be his forte ?' While 
still a junior he will study the statutes and 
bylaws, familiarise liiniself with the system by 
which they are applied, and by lending a willing 
hand in tlie preparation of iniiiutc^s and reports, 
end in a score of other ways, will make his ser- 
vices valuable to the chief clerk and the medical 
officer. Whatever his department, indeed, ho 
will spare no pains to become skilled in the 
duties attaching to it. In the Municipal Ser- 
vice, ccjntjolled as it is to a great extent by 
amf|^U?i|phere is always need of such experts. 


and they have good prospects of early advance- 
ments. 

Draughtsmen and Tracing Clerks. 

These officers, although members of tho general 
clerical staff, constitute a small and special 
section, unaffected by tho ordinary conditions of 
promotion. They are employed in the depart- 
ments of the surveyor, engineer, and architect, 
in tho preparation of plans, and allied work. 
The earning.s of tracing clerks arc small — from 
15s. to 30s. a week. Plan copiers earn from 
£130 to £180 a year, and the salaries of draughts- 
men range. betwe(*n £80 to £100 a year for junior 
appointments, and £180 or £200 for seniors. A 
number of draughtsmen and technical assistants 
are employed by the London (^ounty Council’K 
supcuanteiiding architect (of Spring Gardens, 
S.W.), who will forward forms of application 
upon request. These posts are on tho “ un- 
established ” staff, and are remunerated at rates 
ranging from a guinea (for youths) up to 4^ 
guineas a week. 'Phe latter figure is rarely 
exceeded, or oven reached, in this branch of 
the Municipal Service. Unless, therefore, the 
draughtsman has received an out floor training 
which wall qualify him for an assistant surveyor- 
ship, Ills pimpeets are restricted. 

JL.C.C. Clerkships. Thti foremost of 
local authorities, the London County Council, 
na-ruits its staff of men elerks from time to 
time by open competitions, resembling those of 
the (hvil Service Commissioners, for fourth-class 
clerkships. Thesis (‘xaminaiions are open to 
British subjects vvlio arv over 18 and under 23 
years of ag(‘ on the last day for receiving applica- 
tions — which is usually a wei^k or two before tho 
contest begins. Candidates must be free from 
physical defects, and retpiin'd, if successful, 
to undergo a medical examination before being 
appointed. 

1’he competitions are held as often as a 
further supply of junior clerks becomes neces- 
sary. They an? advertised in the chief daily 
newspapers for several months beforehantl. 
J^atterly, two or three examinations have taken 
place yearly, and a score or more candidates 
have been sel(?cted on tho result of each. Now’ 
that the (-ouncil has become the education 
authority U)V London, it is probable that these 
numbers will be considerably exceeded in future. 

Salaries. The subordinate staff of the 
L.C.(\ is classified as follows : 

4th class, £80, rising by £5 yearly to £100. 

.3rd class, £100, rising by £10 yearly to £150. 

2nd class, £150, rising by £12 10s. yearly to 

£ 200 . 

1st class (lower section), £200, rising by £15 
yearly to £245. 

1st class (upper section), £245, rising by £15, 
and then £20, yearly to £300. 

Clerks are probationers for the first year of 
their .sit vice, and the annual increment in every 
case is dependent on satisfactory conduct. 

Beyond these grades are certain special ap- 
pointments, such as senior assistants (£300 to 
£400), and principal assistants (£400 to £500), 
which are usually filled by tho promotion of 
subordinate officers. Fourth-class clerks are 



proBSK)teld to the third-class according to .merit, 
and afterwards according to the nature of their 
duties. 

Pension and Provident Scheme. 

Unlike the majority of local bodies, the London 
County Council has a liberal pension and provi- 
dent scheme in operation, to which each official 
“on the establishment” pays 2i per cent, of 
his salary, being thereupon orbited by the 
(^noil with rather more than double that 
amount. 

The existing staff regulations have not been 
working long enough to disclose what are a 
fourth-class clerk’s prospects of attaining an 
tissistantship or other special promotion beyond 
the £300 limit. However, in view of the regular 
and fairly liberal increments this employment 
affords, and the j^robability that the Councirs 
activities will continue to develop, the opening 
I)re8ented by such a clerkship to a youth of 18 
or 19 is certainly a fair one. 

Examination Notes. Details of the com- 
petitions for L.C.C. clerkships are furnished by 
the schedule on page 1070. There are several 
supplementary points, however, to which the 
attention of candidates should be dircefed. 

Competitors are exempted from Part I. of 
the examination if they have passed it at a prior 
contest under the present scheme, or hold any 
of the following eertificates : 

(a) Matriculation at either London, Liverpool, 
or certain other Universities. 

{h) Cambridge Higher Local. 

(c) Senior J^ocal (Oxford, Cambridge, or 
Durham). 

(d) Higher School certificate, Oxford and Cam- 
bridge Joint Board. 

(e) School leaving certificate of London Uni- 
versity (or of the Scotch Education Office if 
higher grade Avas obtained in three subjects) ; 
senior certificate of the Irish Intermediate 
Education Board or Central Welsh Board ; or 
L*reliminary Arts and Science, Scottish Univer- 
sities Joint Board. 

Examination in General Know- 
ledge. Among the novel features of Part IT., 
the most striking is the compulsory examination 
in general knowlege. 'J’his is an ingenious test 
of the candidate’s observation, memory, and 
intelligent grasp of facts. Its scope can best be 
judged by these specimen questions from a 
recent paper : 

Wh^; do you know of tho voyage of Hio 
“ fkut^y,** Bushido, tho Terrible (\)rnct «>f HorKO. 

Fatfior-in-Law of lurope, Leandor, tla^ 
^Jagaiheu the “ Mayflower,,” May Meetiuj^s, Pidcciii 
I'higUsh, the Scourge of God ? 

Explain the phrases : ^avoir fa ire ; Lese imjesft ; 
WeU polHik ; Ites judii ata ; Territorial vaters. 

What do you know of the Round Towers of 
Iretod, the Towers of Silence, and Mariollo Towers? 

Give the English names for the following places : 
Anvers, Bruxelles, Firenze, Genes, Genf, KoJn, 
Londra, Marrakesh, Napoli, Vene<lig; and state 
what nations employ these designations respec- 
tively. 

Classify the British Dominions beyond tho sea 
according to tjie nature of their respective govern- 
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ments, and state as shortly as you can^he points of 
difference between the several forms of government. 

Explain precisely why a ship floats in the sea, and 
a balloon in tho air, and why it is more easy to steer 
a ship than a balloon. 

Definitely to prepare for such questions as 
these is almost beyond the art of man. 
Occasional readings in a concise encyclopaedia 
might do much towards it, provided that every 
passage thus encountered is carefully read 
througdi. It will lx* found that several questions 
in each set relate to topical or political matters 
treated in the daily Picss. But the student’s 
Ix'st course is an indirect one ; he must cultivate 
the habit of grasping cl(‘arly all that he reads, 
and at all costs avoid the fatal trick of 
“ skimming.” 

Papers on Local Government and 
Shorthand. Subject 10— Outlines of English 
local government — is a useful study for future 
municipal servants ; but, despite the text- 
books rccommendc<l by the Uouncil’s syllabus, 
it is exceedingly difticult to master this topic 
unaided. Fortunately, however, scvcial Civil 
Service colk'gcs prc}>arc candidates in this and 
all other subjects for the L.C.C. examination. 

Shorthand is the sii!)jf‘ct of a special memo- 
randum. It may be taken in Part II. as a 
special paper, but not for in<5liisit»n in the com- 
petitive examination. This course is adopted 
because “ there are some positions in the 
Council's service.*’ as the regulations state, 
“ where shorthand is cssc'iitial.’* and as that 
authority specially reserves the right to appoint 
a (candidate out of the oidci* of merit if he is 
qualified for a pai‘tieulnr post, a good steno- 
grapher may win an appointment, even though 
lie takes only a moderate^ place on the general list. 

It may be add(‘fl tliat; tlu‘ Council at times 
requires the services of tc*mporary clerks, who 
are chosen from a list of siiitabh* candidates kept 
by the Clerk. 

Women Typists. 1’he London County 
(V)uneil ('mploys some 4(1 of these officials, who 
are selccled by means of preliminary and com- 
petitive examinations o])en To women lictween 
the ages of 18 and 30. The cpialifying ti^st is 
a simple one, restricted to g(‘iU‘ral knowlodgi', 
ineluding stencil work, Mud typewriting; but 
eandidates who take shorthand and certain 
educational subjects in addition may obtain 
first class appointments as “ su])crvisors and 
shorthand-writcr-typists. * For Class II., the 
rate of pay is £5.3, rising by £.3 annually to £(>5, 
and in the upper section to i'.Sd. Class I. officials, 
Ixginning at £8i), advance ))y a like increment to 
£100, and on gaining the up[)er section, rise from 
£100 to £120. The staff lK‘ing small, compe- 
titions are not frcijiuait ; each is duly advertised 
in the London newspayiers a month or two before 
the actual contest. Particulars as to the ex- 
amination subjects and the appointments 
generally, can be obtained at the Council's offices. 
Several other authorities employ lady typists, 
after a qualifying examination, at salaries ranging 
between 25s. and 35s. a week. 


Continued, 
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Flat Modelling. The Tools and Groundwork. Casting in Plaster. 
Modelling from Natural Forms, Protecting the Parts in Relief. Animal Study 
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By COURTENAY POLLOCK, R.B.A., and P. G. KONODY 


A THOROUGH knowledge of dniwing (which 
^ is dealt with in a special section) is essential 
before the student can proceed with the practice 
of modelling. 

Flat Modelling. Thiring the liist stages 
of the study of modelling, only a limited number 
of tools is needed, though, when tlie student has 
acquired some proficiency in handling clay, he 
may possibly find others which may 
suit his particular work. For relief 
modelling, the following are all that 
are needed : 

An easel about .5 ft. fi in. high, 
strong, atid of th(^ ordinary type, witli 
lioles and pegs, with a hoard 20 in. 

!)y in., to place across the pegs. 

Upon this you rest your working 
slab [13]. 

A wooden slab about 18 in. square, 
clamped at the hack by two pieces 
of wood to ])rovent warping by the 
(lamp clay. Round th(‘ (‘dges of th(‘ 
slab a heading should he fixed, so that 
it rises J in. higher than the slab 
1 13 and 14]. 

A few wooden tools are enough to 
begin with. Uhooso those of simple 
form and light to hold. Those shown 
in 15 are recommended. They can 
1)0 had af any artists’ repository. The 
slab should he made by a carpenter 
or joiner, wlio might, in fact, mak(^ the whole 
(‘jisel accordinj^ to instruction. It is cheaper, 
and may he stronger than those sold by artists' 
colon rmen. 

A piece of damp cloth, or a sponge, on which 
to damp one’s fingers, or to keep tlunn clean 
while working. Also, a piece of waterproof 
<*loth large enough to cover the model, to pn'veul 
drying^ 

"Clay. Clay can he obtained in 
2 cwt. tubs. Get the best modelling 
clay, w^hich is of a light grey colour, 
and, when fired, changes into warm 
huflF. ; See that the clay is kept damp 
and of consistency that allows of 
easy handling by the fingers. If it 
gets dry, it is tiresome to inani- 
pulati^ and does not adhere easily. 

With these materials before you, 
you may l>egin work by filling the 
"ooden slab with clay. It is shaped 
something like a tray with raised edges. Press 
the clay firmly into the slab, filling it entirely 
and solidly — leaving no holes — and press (lowii 
with the hands to a level ve^ slightly higher 
than the surrounding border. Take the straight- 
edge shown upon the easel [18], and level down 
t fie clay by pressing the straight-edge backwards 
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and forwards over the surface, tlie ends of tlu^ 
straight-edge resting on the edges of the slab. 

When the clay surface is quite smooth, place 
the slab upon the i‘asol, and begin to draw your 
ornament upon it with one of the straight tools, 
which must he held freely between the thumi> 
and fingers, as in draw ing with charcoal, not as 
one would hold a pen. Draw lightly, and it 
w ill be easy to correct mistake's. 

Laying on the Clay. 'Pakc' now 
some fresh clay, roll it into lum})s of 
convenient shape and size, and lay it 
iqum the drawing, filling in the out- 
line and adding when’s it is necessary 
to obtain the required height of relief. 
I’^se the fingers as much as possible. 
Tools only servo as a help. The mon* 
you use your hands the more quickly 
will you become aeeustomed to tlu' 
feel of the clay, and you w ill gain in 
pn'cision. 'Fhe fing(»rs should not be 
wetted more than is nce(‘ssary to keej) 
them clean. Yo\i will learn nothing 
f)y smoothing the surface of your 
work. The essential point at first is 
to end('nvour fidly to understand, not 
only th(‘ shape of the fiat outline, hut — 
ami this is more important — the shnpi' 
and relative projection of every part. 
\Ni).sL\H their mutual relation, and 

striving to imitate this, so that your 
owm model shows (‘xaetly the saiiK' light and 
shade as the examj)l(‘ you copy. 

While working, you slioukl keep your model 
and your own copy in the same position, witJioul 
turning them to g(‘t a variety of views ; although 
this may ho done when ydu have carried yoin- 
work to a point at which you begin to fe<*l 
satisfied that it is a good copy. At this stng<'. it 
is lu'li)ful to turn both models upside 
down. You will probably ace at oms* 
that your copy is not as good as it 
appeared in its original ])osition. Do 
not, however, work in any hut the 
original position. Having once satis- 
fied yourself where you are wiong, 
turn ‘ both mod(‘ls to their upright 
positions and proceed, eorn'cting the 
mistakes from a. diligent study of the 
points where you hav(' failt'd. In 
this manner, the (?ye will soon 
heconu* (piiek to notice errors in 
proportion and drawitig. 

Examples to Copy. For elementary 
work, one cannot do bett>er than secure a few -* 
say half a dozen— .simple easts, such as the Greek 
examples, or the casts taken from Gothic stone 
carvings [1-12]. Avoid complieat('(l^ d(\signs ; 
their intricacy does not teach much. ^Jhe models 
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i$hould be simple as regards general ontline, and 
ther bold in relief. Avoid geometric designs ; 
ey are often quite useless, and are never 
interesting to copy. 

Casting in Plaster. Tools must again 
^0 considered first; 

An ordinary “ crock ” bowj, such as those used 
for boiling puddings. (.‘Iioose a large* one, of 
about 12 in. in diameter. 

A galvanised iron spoon, such as is used for 
basting, to stir your plaster ; a wooden mallet, 
small and light, and two chisels, one* broad and 
.. one fine. 

A small qurmtityof oil — sweet oil, linseed, or 
olive—the latter is last. Home niddle, blue 
powder colour, or ochre, tied in a pie(?e of muslin, 
and two ordinarysoft liog-liair ]mint biushcs - 
one large, for washing out the inside of the 
mould, the other small, for applying the oil. 

It is necessary to have a good water supply at 
hand, and also a few pieces of square iron rod, 
jj in., cut in lengths of from in to 2.5 in. 'Hirse 
are useful sometimes to let into tlu^ back of the 
ca«t to strengthen it, although they are not 
always neeessary. 

Some soft soap. A pound tin will last some 
considerable time. 

A , steel tool, such as 
is used by plasterers 116). 

This is needed to retouch 
the cast where the chisel 


quite .useless, Place^ your clay model flAb updii 
the table, and, for convenience, place sinus of 
clay round it to form a wall about Six inch nigh. 
Pour the coloured plaster over it quickly, com- 
pletely covering the model. Take it up, aid, 
holding it horizontally, shako it quickly back- 
wards and forwards, and from side to side. Then 
at once pour off the plaster into the bowl, leaving 
a thin coating on the clay model. Air bubbles 
are then removed by blowing into the cavities. 

Protecting the Parts in Relief, Again 
pour on the contents of the bowl, and. after 
raising and lowering your model so that the^ 
plaster shall flow over all the surface again,' 
pour off the superfluity very gently, and let the, 
model rest. It is advisable now to take a little 
plaster from the how l and drop small lumps upon 
the highest points of the relief. This will protect* 
the high parts, and, in the chipping away of the 
outer white portion of the mould, indicate the' 
nearness of the actual cast. Leave the model 
for about 8 or 10 minutes, until the plaster is 
quite firmly set. In the meantime, clean your 
bowl, and All it again with watc*r, without using 
the colour bag. 

Before proceeding to thicken the mould with 
the white plaster, brtish 
lightly over the coloured 
coating with oil, using the 
small brush. Very little 
oil should be used, or the 


has scratched or bruised 
the surface during the re- 
moval of the waste mould, 
and c( 3 in bo bought at any 
good cutler’s, one being 
sufficient, if well shaped, as 
in illustration. 

For this fine casting, 
none but the best 
Italian plaster should 
he used, w'hich is ob- 
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16 . STEEL PLASTER TOOL 


coloured plaster of the 
mould may come away 
from the white too early, 
and thus ruin the cast. 
Now fill the bowl to within 
an inch with water, and 
sift into it the white plaster, 
riddling it through 
the fingers as before, 
until it apj)oar8 on 
the surface ; ' stir well, 


tainable at any Italian 

plasterer's. The “best plaster” sold by oil- 
stores or colourmcn is quite imfit for the 
purpose. Buy your plaster in half bags, and 
keep it in a very dry place. 

Making the Mould. Before the ea.sting 
is proceeded with, sawdust should be spread 
upon th(j floor, to prevent the splashes of plaster 
from adhering to the floor boards. 

Supposing the clay model to be 18 in. sq., it 
wdll be sufficient to till only half of the bowl with 
clean water. Into this water dip the small 
mu.slin bag containing the dry colour, and leave 
it there for a few seconds, removing it when.it 
has tinged the water with a dark colour. Take 
the plaster from the bag with your hand, and 
allow it to sift quickly through the lingers into the 
coloured water, until it rises to a level almost 
with the top of the water. At once stir it 


and pour it over the 
coloured coating to a thickness of about \ in., 
increasing this at the edges, to strengthen it. 
If the clay model is in high relief, and the 
mould thin in places, it may be necessary to 
place two or three pieces of the iron rod round 
the edges, and a couple across the back, fixing 
them in position by dropping a little planter 
upon them here and there [17]. 

Removing the Clay from the Mould. 
When this is set hard— which should occur 
in 15 minutes — turn the whole over.^upon its 
back and remove the wood slab. Should this 
be difficult, a little water should he run in 
between the board and the clay, after the re- 
moval of the small clay wall which was added 
before Iwginning the mould. Take out all the 
clay, using one of your wooden tools where the 
fingers cannot roach. Be careful not to sciutcb 


vigorously with the spoon, using the action you 
wotiid employ when beating on egg, but keep 
the spoon below the surface, or you will throw 
th^laster about. 

The operation must be done quickly, or the 
plaster will become lumpy. Do not stir whilst 
filling the, j^owljr as this may render the mixture 


the surface of the mould. Then wash out the 
mould with plenty of water, using the Isffgc 
brush. Every particle of clay must be carefoUy 
removed. Now take some soft soap, and, having 
rinsed the mould thoroughly, lather it well with 
the brush until the surface has a good shine. 
Plentiful use of soap lather will sometiines do 
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away with the use of oil, but it is advisable to some of these buds on his clay slab and make 
pass a little oil over the projecting portions of a number of studi(*s of them, till his memory' 
the mould, to facilitate the removal of the has retained the forms from the bud to the full 
coloured portion in the process of chipping it leaf. The same minute study should be carried 
away. into the consideration of the stems and trunks 

The operation of filling the mould and draining of trees. In some cases, where the detail is 
the plaster off again, is now repeated several too tine for elay, pencil studies will be found 
times, until the fresh plaster is about 1 in. thick helpful, but one can, as a rule, correctly suggest 
all over. It should be given time to s(*t, as tlic the detail, if one understands what one is copy- 
east might craek if chipped too soon. ing, and is satistied as to its shape and appear-- 

Chipping. Now' turn the whole over and ance. The beautiful flowTr known as “ Love in 
lay it upon some soft material, say a sack. With a Mist " is a good instance. It is quite impos* 
the broader chisel, chip off the iron rods and the si hie to copy every bit of the tine, fibrous mass 
thick covering of white plaster. The high points which surrounds the tlower, but careful observa- 
of coloured plasUw will appear first, ami thus tion and a little, thought will enable the student 
indicate the thickness of^the plaster to be re- to represent it. by suggestion, on his clay. How - 
moved, and give roughly the outline of the ever, for the purpose of learning how to modd 
design. Remove all the white portion of the plant form, it is liest to select plants of siinpU', 
mould ; then, very delicately tapping with the l>old form, and to depend more upon ])encil 
small chisel, gently remove all the coloured coat- studies for learning the plant itself, 
iug. The amount of retouching required will Animal Study. Tlu? study of animal 
depend on the degree? of care exercised. I'he forms should folloAv that of plant form. Sc'vcral 
very small pieces of the mould are _ books have been published contain - 

removed with the small end of the ^ ing pholograjilis of animal life, but 

steel tool shown in 16 . w'hich is also lUliy ^ wc cannot recommend the practice 

used in filling in with fresh plasttu* illr . of working from such ])Iates, because 

scratches and abrasions made by the the pliotogra])lis do not sufficiently 

chisel. lllll ^ 11 explain themselves, and their study 

Modelling from Natural lllVS. ^ neither int('resting nor very in- 

Forms. When the student has 11 1 i .^jmnaniTiuurBiiBiiv^ i structivt*. It very good and clear, 

acquired fair skill in handling the lllV% , / \ and ot fairly large size, they may bo 

clay, ho should s(‘(*k suitable forms |lu* times in affording oppor- 

in Nature for study. The diligent tunilios for studying such details as 

study of foliage, flowers, and tree- wk! affected by movement ; but it 

growth — in fact, of practically every- 17 . back of moi ld is infinitely preferable to study from 

thing in Nature that tlie student the living subject, and not at all 

can intelligently copy — will bclj) him more than necessary to make the studies in the (day dircad. 
a lifetime spent in making copit'S of other In fact, the studimt w ill learn more' quickly if 
people’s work, how'ev(;r g(^od they may b(\ It he de])ends upon ])encil st.udi(*s when working 
wdll give kmnvledge, which is the most yiotcnt from live animals. Such studies allow him to 
factor in the education of an artist, record movements, and consequent changi' of 

Small sprigs will do for tlic beginning. It is surface* forms, wbicli aic* im])ossiblc to make* 
not at all nec:e3.sary to select a sprig on which the note* of in clay, 

leaves seem to grow^ in a pleasant arrangement. The constant moveme nt of the. animal may be 
Take any sprig that has not be*en damaged, no troublesome. Whem you have seized the chance 
matter how ill-balanced it may seem. Nature offeredby the auimal's lying elown, and have half 
does not make mistakes, and you are* not design- completed the drawing, the* imulel will change the 

ing now, but learning the growth of Nature*, pose e»f its lu'ad, or rise anel sce‘k a more com- 

The springtime affords <Ample opportunity for fortablc* posit ion. This need not wenTy you. If the 

studying develojiment in Nature*. The gradual unfinislu'd drawing has l)ee*n done w'ith care and 
flovelopment of the leaf-buds, for instance.*, is thought, it is useful, and has taught something, 
irresistibly interesting. Take a sycamore biul Many students consider a study incomplete if 
and look at it carefully, noting the angle at which it is fragmentary. This is an error. To U'arn 

it grows upon the stem, and observing how the what an animal is, and liow' it moves, it is not at 

leaves ^re bursting through their cover in the all ne(*essary to make laborious drawings of the 
most wonderful forms. complete creature ; mueh^ may be learnt by 

The student cannot do letter than stick quick and limited “ nnte*s. ’ 

Co7itmve(l 
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25 pov cent, of the jack4oad on the claw if the 
*%fting be a high one. For a short lift nearly the 
maximum load may be carried with safety. 

Modified Jacks. Around this simple 
mechanism, which is but a modified form of the 
essential Bramah press, engineers have built 
many designs, a few of which wo shall now 
notice, 8ome of the reference letters are 
retained in the siibsoquent figures for the 
purpose of ready idendiication of similar 
parts, 

Given the jack itself, one of the lirst improve- 
ments clTccted with a view to increase its 
range is to iiujtart a horizontal motion bodily 
to it — the lravrr,^in'j jtu'k, a, movtuiKmt idlVcted 
by a screw. .Xn object after being lifted can 
thus be moved along bodily within a limited 
distance. 

Ship Jacks. Jacks are utilised for lifting 
ships, hence termed ship jaeks [149], though, of 
course, suitable also for bridg(‘S and other heavy 
works. Hero we rccogn'so the force-pump, 
but set in a horizontal direetioii, and operating 
a vertical ram. But while the jack in 148 is 
made for loads up to about 50 tons, the ship 
jack is made as high in power as 400 tons, 
which explains tlu^ enormous disproportion 
in the diameter of tlu' rams D ‘and G in 149, 
the drawing being made to scale. Note also 
the groat thickness of the inetal in the cylinder 
.1 which encloses the ram, and receives the 
pressure tending to rupture it. The only other 
differences that need be noted are the form of 
the packing leather, and the safety-valve in 149, 
The leather (c) is of the 1 1 sfxjtion, that being more 
S'litablo than the cup form in 148 for withstanding 
enormous pressures. The weighted safety-valve 
lever O, though often omitted, is desirable 
because of the severity of the pressure, which, 
if much exceeded, might rupture the cylinder 
or the pump. The power of this small jack 
is thus equal to the lifting of four of the largest 
locomotives with their tenders. 

Pulling Jacks. In these examples the 
power is applied to the exercise of thrust or 
push, but it is equally applicable to a pull. 
A special form, therefore, is the pulling type [150]. 
There are confined spaces where even the snug 
pulley-blocks cannot be used to pull a load, 
as in shaft tunnels, and sometimes in the engine- 
rooms of steamers, and then the pulling jack, 
operated by a pressure pump, is a boon to the 
men who have to execute hurried repairs. 

This jack has the same eislcrn, force-pump, 
and stop-valve, but a tube (G) takes the place of 
the ram, and the water pumped from the cistern 
passes through the bore of this tube to the under- 
side of the piston. The latter forms an en- 
largement at the end of the tube, and has a IT 
leather packing (c). The eyes fitted at the ends 
are in union, one with the cistern and thence with 
the tube, the other with the cylinder for connect- 
ing to the work, and to any suitable po.nt of 
attachment. In operation, the tube is drawn 
out as far os is required, and the act of pumping 
polls it in, drawing the work along with it. Tho 
Jack 19 used ih^fferently in a vertical or hori- 
zontal po»ttii*nl Machines of this kind are made 


with powers as high as a 25^ ton pull, with apiaxi« 
mum run-out of 36 in. 

The Punching Bear. Nor is it only in 
pushing and pulling that tho coercion of pressure- 
water is in evidence. The same essential 
mechanism — that of the small ram of a pump 
and the large-power ram — arc used for punching 
holes through steel, and for shearing me edges 
of steel sheets. Fig. 161 shows one of tho 
first variety, which is made by Messrs, Tangyo, 
of Birmingham, a most useful machine, termed 
the punching bear. Its utilities lie in the for- 
mation of hob s in girders and other plated work 
in localities which do not admit of the utilisation 
of the fixed power operated machines. A man 
or two men can handle this machine, yet it 
is powerful enough to drive rivet-holes through 
iron plates J or 1 in. thick. 

The top lever E actuates tho force-pump, and 
sends pressure- water into the chamber above 
tho ram G, pushing tho latter down. The punch 
F being fitted into a hole in the latter partakes of 
its movement. The fiUKhion of the lower lever 
Q is to raise the ram and punch, previous to 
which the stop* valve must be opened to allow 
of the oscrape of the water back into the cistern. 

Around this design many larger punching 
machines arc» built for special work. They include 
machines for punching tram rails, girders, 
channels, and copper sheets. Home are portable, 
being mounted on wheels for movement to 
work in progrc.ss, on railways, and in streets. 
Home have so little resemblance to others that 
a superficial observer would hardly see the re- 
lationship, but they all embody the same prin- 
ciple — that of the Bramah press. Some, too, 
are used for closing rivets. Also, by substituting 
shear blades for the punch and its bolster, we 
have the hydraulic shearing machines, a large 
group. 

The Wheel Press. This is a machine 
for pulling railway wheels on their axles, and 
taking them off by the simple exercise of water- 
pressure. Tho wheels on their axle are slung 
between heads, which afford the necessary 
resistance to tho water pressure. They are 
capable of exercising total pressures ranging 
from 80 to 200 tons. Many of these are worked 
from an accumulator. 

Bolt Forcer. The same principle is 
adopted in the bolt forcer [152], a small machine 
which pushes bolls home, and rusty ones out 
of their holes. They are capable of exerting 
resBurcs of from 20 to 75 tons on a refractory 
olt. The ram here (G) is hollow, to receive 
a steel drift (P) which is forced, along by the 
ram against the tail of the bolt to be pushed out. 
The resistance is taken by the arms or clawi'Q, 
two in number, so fianking tlie bolt on c^h 
side. A propeller shaft with a bolt about be 
forced out of the flange is indicated in dotted 
outlines. The arms (Q) have handles fot? lifting 
and transportation. Figs. 149, 160, 152 

illustrate examples from the practice of Messrs. 
Youngs, of Birmingham. 

Another machine forces the' big oropellers 
of ships off their shafts by the ^wer 

of a little water judiciously appied, 



Yot another group identical in principle of 
operation includes the Isending and straightening 
machines. These may often bo seen in the 
streets where tram-lines are being laid down. 

•Pressure either to bond or 
straighten is applied bctwe(*n tlie 
end of the ram and a ))air of 
claws, or hooks, opposed thereto, 
and to right and left, the rail 
being gripped between so that 
the pressure takes place at tlnve 
points. Pressures of 40, oO, or 
GO tons are thus obtainable. 

In the shops there are larger 
machines used for straightening 
steel beams, precisely the same in 
essential mechanism, but diifering 
in outline, being fixed on massive 
bed-plates. When steel girders, 
joists, bars, and other sectional 
forms have to be either bent or 
straightened, this is not done by 
the brutal method of hamnu'ring, 
but by squeezing. Tlie machine 
may be described as a liydraulie 
jack (the ram) so mounted as 
to push the girder or beam in 
opposition to tAvo points of resis- 
tance. Being under control, the 
pressure can l)e arrested when the 
beam is either straightened or 
bent to tlie curvature required. 

Presses Using Accumu* 
lators. M’he members of this 
group are as numerous as those 
we have already eoiisider(*d, and 
they are generally much mori^ 
massive in form. The most familiar are 
those for lifts for passengers and goods, foi* 
pressing or haling. Hanging, sipieezing and 
rediieing steel ingots, shearing steel 
plates, and making forgings. 

Baling Presses. 
These are s'mply an 
a d a ]) t a t ion o f t h e 
common 
plat form 
lift de- 
sign. For 
the plat- 
form, t he 
ssing 
or 
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on every square inch. Hay is pressed thus 
into a bulk one-sixtii that of the original truss. 
The motive power is still the force-pump 
and aeeiimulatoi’ actuating the ram 0 in the 
figure. Til is very simple pi(*ee of squeezing 
mechanism tills a large plae(‘ in many indus- 
tries where articles sueli as fod<ler, hops, and 
hay are pressed in hulk for exi>oi t ; and for 
extracting oils and juices from fruits, as olives, 
almonds, linseed, castor berries, and rape. In 
some press(‘s provision is included 
, c binding ropes round bal(‘s 

they an* being compressed. 
Sometimes boxes arc used 
as shown, and in other 
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according to 


nature of 



platen A 
[153J is 
HU bst i- 
t u t e d , 
b ctween 
w h i c h. 
in its 

167. ItYDRAlTLIC CBANE upAVard 

movement and the head B of the macliiiu', 
fixed above, the loose material is j)ressed, 
often with a force of from two to three tons 


eases an* not . 
the material. 

Flanging Presses, Tlu‘S(‘ are a special 
variant on the haling press and kindred types. 
They contain more mi'chanism, in the form of 
subsidiary side-rams, that push tlie boiler jilati* 
to be tlangial up against one die, AvliieJi is fixed, 
folIoAving Avhieh the main ram pushes ttie 
Ganging, or movable die up. so bending over the 
edges of the ]>lat(‘ against the fixed ram. 'Pile 
lire-hox and tube- plates for locomotive and other 
boilers are turned round thus, instead of Hanging 
them by hand, the pioeess oeeii]\yhr^ a few 
minutes against lioiirs re<jiiired Avia ii tluy aiv 
done by hand hammers. 

Fig. 154 ill'.:strat(‘s a flanging press by Field’ng 
Si riatt. Ltd. 'riu‘ cylinder and ram are below 
the groiiml, as in th(* haling press, hut only 
tlu* top of the ram is shoAvn in the 

movable 

plate B, which carries the lower 
flanging di(* on stools, Avhieh die 
tlanges or turns over tlie edges of the plate (» 
against the edges of tlu* upper die 1). D is 
carried by stools against the fixed jilale E, 
which thus resists the pressure of the lower 
plate B. E is, however, adjustable in height 
to suit diiferent jiieces of Avork and ditVerent 
thicknesses of dies. Before thet actual 
flanging of the plate (I takes place, the 
plain plate is brought up and held against the 
upper die D by the plate H, Avhich has a vertical 
movement indejiendent of that of B through 
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four small hydraulic rams J. The object of this 
'^ovision, distinct from the squeezing, is to 
ffermit of making precise adjustments of the 
plato before flanging it. Hundreds of these 
machines arc in use, doing work with a silent 
squeeze better, as well tis more quickly, than 
hand wprk was ever capable of doing. 

Forging Presses. These form an im- 
mense group, comprising machine.s more or less 
specialised. The largest forging press in the 
world is the 14,0()0'ton press of the llclhlehcm 
Steel Works. There are soim^ immense presses 
in Sheffield for forging down ingots for armour 
plates. Essentially they comprise the ram and 
eylindtjr. They have entirely displaced steam 
iiammers for the most massive work. It would 
be impossible to forge the big propeller shafts 
and the g\ms and armour plates by steam 
hammers with sound results, to say nothing of 
Iho concussion of hammers, which does not 
exist with presses. 

In forging presses are included large groups 
which deal with comparatively light work, 
which they bend and mould in all conceivable 
shapes. At the Swindon G. W. R. Works and 
else whore there are numbers of these presses 
in a groat shop in silent operation making 
buffers, horn blocks, and the numerous forgings 
required for carriages and waggons. 

Lifts. In the direct-acting lift [155] the 
hydraulic cylinder A is sunk in the basement. 
By the admission of pressure-water from the 
accumulator, the ram B is lifted. As it carries 
the platform 0 on its upper end, the platform 
partakes of the lift movement, and is carried 
up to a distance corresponding precisely with the 
amount of vertical travel of the lift. The 
descent is accomplished by gravity, by lotting 
out the water, the rate of which is under control. 
The capabilities of this simple mechanism are 
almost without limit. Two extremely powerful 
installations of this kind are the canal lifts at 
lies Fontinettes, and on the Canal du Centre, 
Belgium. In the latter a trough of water, 
weighing 1,100 tons, and containing a barge, 
is lifted to a height of .50 ft. in minutes. 
Tin's load is sustained by one ram 6 ft. OJ in. 
diameter, and tJie pressure is 470 lb. to (ho 
square inch. On the Neuffosse Canal, at Les 
Fontinettes, similar lifts, but weighing 700 tons, 
are lifted 43 ft. 

Hydraulic Cranes. As these were the 
first mechanisms to which water pressure was 
applied (by Armstrong, at Newcastle), so they 
are still used to an immense extent for light as 
well as lieavy loads. Details vary widely from 
the plain types shown in 156, 167, to the vast 
coal-tips which lift a 20- ton waggon of coal, tip 
it, and return the waggon to the rails in a 
minute. 

The crane shown in 166 is of the direct -acting 
type — that is, the jib A with its load is lifted by 
the upward movement of the ram B. Tae jib 
k steadied by the rods C and rollers D above 
and below against the post E. The rotation of the 
jib 18 accompliehcd by another ram (F), set 


horizontally, and moving a rack (G), turning a 
wheel (H) that encircles the post E. More often 
a chain is used for turning, as indicated in- the 
skeleton drawing 167. In this example the 
lifting of the load is done with a fixed jib. The 
ram is shown at the top of its stroke, and its 
movement draws the rope or chain round the 
pulleys shown, so lengthening or shortening the 
lift at the hook. 

Other Applications of Hydrostatic 
Pressure. The foregoing is a small but 
representative selection of the utilities of power- 
water. The following is a short summary only 
of other ways in which hydrostatic pressure is 
employed in engineering structures. 

It is applied in many turning operations, for, 
a.s we have seen, the cylinders can be arranged 
in any positions, and connected by chains or 
racks and pinions to the parts to lie moved. 
Hence we have it working the steering gear of 
the largest ships, for which hand power would 
Ih) utterly inoompotont. Large swing- bridges 
are operated similarly. TJiere are many of these 
in existence for road and railway traffic. One of 
the latter, over the River Ouse, at Goole, weighs 
670 tons, and is actuated by engines haying 
three cylindin's arranged radially, and worked by 
water at a pressure of 700 lb. per sq. in. One 
over the River Tyne weiglis over 1,200 ions. 
The huge bascules of the Tower Bridge are 
raised and lowered by hydraulic engines, besides 
which the hoists for taking foot passengers up to 
and down from the high-level footways are 
actuated hydrau lically. 

Dock gates are opened and closed by hydraulic 
rams, arranged horizontally, and connected with 
chains to the gates. In other cases the chains are 
wound on to, or unwound from, drums by 
hydraulic engines. Docks having openings as 
wide as 100 ft. have their gates opened and 
closed thus by pressure-water. 

Big guns are also manipulated hydraulically, 
and the recoil also taken thus. 

Mention has been mode of the hydraulic 
punch, the shearing and flanging machines, but 
these are only faintly representative of the vast 
utilities of the pressure -water in our factories 
and on public works. Numbers of distinct and 
separate types of machine tools, some fixed, 
others portable, are in use in nearly every big 
engineers’ works and on groat public structures. 
A modern boiliir is never built without the aid 
of them tools ; seldom, if ever, is a bridge erected 
or a steel ship constructed without their haVltig 
a big share in the work. It would be (h^ult 
to say which is the more useful — the 
fixed machines, or the lighter, portable 1^^. 
The lattfjr enable many operations to 1^:; per- 
formed that a few years ago were deemed ii^pos- 
sible except by hand work — operations done in 
awkward situations and where tho worlit is tqo 
massive to be taken to any machin?.- Holes 
punched and drilled, rivets closed, and steel edW . 
control being exercised by the movements of 
simple valves operated by. handles. But the 
fK)wer behind it all is the pressure-pump and 
the accumulator, with its storage. . . 
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A PROPERLY - EQUIPPED kitchen i« a 
^ matter of no little importance. Any 
apparatus which is time, labour, or money 
saving should Ix^ eagerly sought after by an 
intelligent mistress who wishes to facilitate the 
cook’s work. Nowadays, most of the lUict's- 
sary utensils are well within the mcHns of the 
average housew ife, if she clot's not allows liersolf 
to be tempted by tlio showier and more expensive 
varieties of the same thing. On the other 
hand, vc^ry cheap goods are not true economy. 
On all sides one is met by faseinating, ar< istieally 
coloured enamol-ware, often labelled “ barg.aiiis." 
In many cases the onaTued eraeks the first time 
they are used — notably the frying-pans. Oriee 
cracked, it will burn easily, and not infrc^queutly 
fragments get into the food, which is, of course, 
a source of great danger. There is also a risk 
of arsenical poisoning with inferior enamel. 

Useless Utensils. Wry elioap tiiiwan* 
has much the same objection spouts drop olf, 
and handles come out if used for any more 
powerful heat than a spirit lamp ; though good 
blocked tin is a light and very usefid nu't al for 
fish-kettles, light tea-kettles, etc. — providing 
rust is carefully guarded against. 

Copper pans are most durable. They are hand- 
some in appearance and excellent conductors 
of heat ; but they are expensive, and the greatest 
care must be taken to keep them scrupulously 
clean, and to noU^ that the tinned lining does not 
get out of repair, or fatal cases of verdigris 
poisoning may occur. 

Perhaps the seamless sanitary steel jiaus an* 
as serviceable as any. They are practically ever- 
lasting, easily re- tinned, and le.ss expensive than 
copper. There should, of course, be a few tinned, 
and enamel-lined iron ones for harder wear. 

The steamers with several compartments 
over one boiler arc most useful and economical, 
and it is a pity thai the handy little Dutcli 
oveij^. is not more patronised — it is sueli a 
capital invention for all grills, toasts, and lor 
routing small birds. 

“Bain-marie.” Another invaluable 
but little met with in ordinary kitcluuis 
i$ hoLin-fnayie. It is a shallow j)an, about 
$ in. or 80 deep, which stands on the stove, and 
18 kept half full of boiling water. Into it are put 
all saucepans the contents of which need 
keeping hot without becoming dry or boiling. 
If a complete bain-nuiria^ wdth pans to lit, cannot 
bo afforded, the pan itself could be procured 
or made in some strong metal, and the orclinai’y 
household pans fitted in. Casseroles, a “ hot- 
poir,” ib' few fireproof-w'are dishes, a frying 
basket, hair and wire sieves, a forcing bag wdth 
a few pipes, one or two French cooks’ knives, 
vegetame cutters, and a mincing machine are 
amongst i^me of the very desirable apparatus in a 


modern kitchen, and will be. found to aid greatly 
in giving a tiiiisli and a professional touch to 
many dishes Avbk'b otherwise would appear 
quite uninteresting. 

Care of Kitchen Utensils. Nothing is 
so disheartening to a careful housewife as to 
se(‘ tl»o kitchen appliances in wliieh she took such 
pride, and perhaps bad soiiu? little ditfieulty in 
purchasing out of luu* liousekocfiing allo\van(!e, 
going to rack anil ruin during the reign of some 
earele.ss or ignorant, cook. Many mistressos arc, 
bowiu'ei*, so uncertain as to the w'ay a saucepan 
should ho eleaiu'd, and wliat is neees.sary for 
its elianing, that they cannot judge if proper 
methods are used. 

Si rri.iKs roll iiik Sitllkiiv. 

Soda I'ieeis of old u<»oli(M) 

Dry Soap nuiterinl In nd> willi 

Seoiiring Soap Saiieepaii Inrush 

Kmery l^ipt i* Sf*nil)oiiig Jininh 

Silver Sand Disli tllotlia 

VVliiting Hatli Rriek 

There is no need for scullery w^ork to ho made 
the untidy, unpleasant business it so often is. 
Dirty iitiaisils should ho quickly washed instead 
of being laid aside till the next morning, or 
till the giN'asi^ is cold, and mixture's sot and 
hard. 

Pieces should he. scraped into one plate, 
and knives stood upright in a jug of hot soda- 
and-watir so that the haudlos are not dis- 
coloured and loosened by l)eing put into boiling 
watei’. 

Saucepans. .\)1 dirty jians should at once 
ho filled with water and a little soda, so that 
instead of becoming dry the scraps sticking 
to them soften and arc twice ns easily cleaned. 

If saucepans are burnt, they sliould Im 3 tilled 
with cold watiu', some soda added, and the pan 
left to boil on the sidi' of the stove for about an 
liour, when it may ho easily eli'aned. 

Any saucepan, no matter of wiiat it is made, 
should be scoured inside and out. The absurd 
idea that the hand should he uiu'il to rub the 
pans is happily dying out ; a saucepan brush 
aud a piece of stout, rough stutf, first Hoa])od 
and dipped in silver sand, and tJien w^ell rubbed 
over till' saiiccfian is all that is needed — with the 
addition of “ elbow greas('." 

Enamelled pans should not ho washed witli 
soda, w Inch caus-'s the erianifi to discolour and 
crack. Sand also is too sharp, it scratches 
the glaze. The cloth should he dipped hi some 
fine ash or crushed cgg-shdls to remove stains. 

Never toloralo a soot-coated pan, it wastes 
fuel and time whilst the heat is penetrating. 

Keep all pans bottom upwards in a dry place, 
with tlicir lids neatly beside them or hung in 
graduated sizes on the wall. Pans not turned 
over, and left with their lids on, are not in- 
frequently dirty if an inspection is made. 
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Rust. It should 1)0 rcijicm bored that rust 
antl^irt in utensils mean ruin to the delieatc 
Ifavohr of foods cooked in them. 

Copper pans or moulds well repay labour 
expended in cleaning them. After scouring 
inside and out, brighten them by putting soni** 
silver sand in a saucer, add to it a little salt, and 
moisten it well with vinegar. Dip a pieee of 
cloth in this mixture and rub the copper part 
vnhj with it ; a used half of a lemon can well 
take the place of the cloth. TIuui rinse it well 
in cold, soapy water, and dry it. On no aceoimt 
lot this acid mixture touch the tinned parts, 
as it stains them badly. 

It is recommended by several good authori- 
ties that to keep eopper bright for several 
weeks the outside should bo dipped in boiling 
ale and placed near a fire to dr^ , but not wi})(aL 

Frying-pans, and omelet pans specially, should 
not be washed, as it is .apt to cause the food to 
stick. All pieces adhering should be scraped off, 
and the pan nibbed over with pieces of soft 
paper till clean, (live a brisk rub with a dry 
cloth and jiiit the pan away in a dry place. 

To Polish Tins. If tins are at all greasy 
or burnt, they must be first washed in hot soda- 
water and scoured by dipping a pieco of well- 
soaped cloth in silver sand, rubbing them all 
over with it and then rinsing them. 

When dry they shovdd be polished by mi.King 
a little powdered whiting to a })aste Avitli 
cold water, rubbing it well on, and polishing it 
with a soft, dry cloth or leather. J5o sure and 
brush it well out of all corners, avoid putting on 
too much, and let it dry a little before polishing. 

Wooden Goods. In scrubbing wooden 
goods do not use soda, as it makes the wood a 
dirty yellowish colour. Wring out the Hannel in 
hot water, and soap the scrubbing brush. 
Wash over the wood, tlieii scrub it well, follow- 
ing the lines — that is, the grain — of the wood 
with the bnisli. Rin.Me otT the soap thoroughly 
and dry well. To dip the bru.sh in .sand is a 
very good j>lan, and whitens tlie wood ; hut great 
care is needed to rinse it well off again. 

A Scouring Paste. For very diity tins 
and wood long neglected, and, indeed, for any 
cleaning of that kind, the following prepara.tion 
is invaluable : 

I ])oui)(l of .Moft soap 
1 poimd of silver sand 
1 quart ol‘ hoiling •watm* 

1 pound of })owd»*r<*fl whiting 
_ 1 tuhlespoonfnl t)f salt 

Put all in a saiic(‘pan. Stir and boil uell for 
about fifteen minutes. It may be kept for a 
long time. For wood, use it in place of soaj) 
and sand. 

Cooking Stoves. It is unfortunate for tln^ 
head of domestic atfairs uhen the stove is 
inferior or faulty ; there are so many excellent 
makes' on the market that it is a condition of 
affairs which ought not to be tolerated. Thost^ 
in most general use are open ranges, cIosihI 
ranges, and gas stoves. The most useful com- 
bination is a rang© which, by a simple con- 
trivanco, can be conve^rted into either an open 
or closed stove — imd a gas stove, as well, for 

vm 


Imiling the kettle.s for early cups of tea, hot 
weather cooking, etc. 

An Open Range is to be recojumended for 
ventilation of the kitchen, comfort and a cheer- 
ful warmth, airing linen, roasting meat. 

A (Mosed Range is superior for cleanliness, 
saving of wear and tear of the pans, etc., 
simplicity of regulating the heat, (‘conomy of 
fuel (if the dampers are undenstood), i)crsonal 
comfort when cooking. 

Management of Stoves. To manage 
any stove .successful ly, it should be remembered 
that : 

1. Perfect cleanliness is (essential : dirty, 
grea.sy ovens with a charred deposit from various 
bakings will ruin the flavour of any foods. 

2. A flue is passage like a small chimney 
leading — one from each of the two oven.s and 
the central Arc space—into the large chimney, 
'riirough the flues is drawn up tl\e liot air, smoke, 
and flame, to be replaced hy a doum current of cold 
air, thereby causing the necessary draught. 

.‘h Dampers are metal ])lat(‘S. like horizontal 
shutters, jutting out across the flues behind the 
back of the range. The.sfj dampers can bo 
pushed in to (Uit off the draught by closing the 
flue, or give free access to the air by leaving it 
open. Any intcTinediate position between 

pushed in ” or “ pulled out ” can, of course, 
be adopted. 

4. The stronger the draught, the quicker 
and fleroer will bo the heat of tlu^ stove. 

5. Soot is a non-conductor of heat. It wrap.s 
up the ovens and boiler in a soft woolly covering, 
through which it takes a long time for even a 
Utile Jieat to penetrate. It also chokes up the 
Hues, preventing draught. 

0. The stove should not ‘‘ roar.” as it is called, 
or become red hot. It indicates that the fire 
is “ drawing ” too quickly — that is. there is too 
great a draught —with the result that the coal 
is consumed in an extravagant manner, and the 
redhot surface dries the air, making it vory 
unhealthy. Roaring can he quickly checked by 
j)utting in one or more dampers, closing the 
door in front of the fire, and pushing in the 
ash pan under the fire. 

How to Manage the Dampers. When 
first lighting the fire, imll out all dampers ; 
usually there are thret*. 

If much hot water is requirt‘d, piaih in the 
(lainpciN ov(‘r the oven and leave the centre 
one out. 

For baking, pull out the damper over the 
oven that is rciiuired, and push in the centre 
one and that over the oven which is not needed. 
If both ovens are wanted, only push in the 
middle damper. 

If the ovens are getting too hot, push the 
damper half way or right in. 

If the fire is to be merely kept in a little — 
say, between luncheon and' tea-time-— push all 
the dampers nearly, but not quite, in. 

Remember that, unless one damper is loft, 
at any rate, a little out, there will be no 
outlet for the smoke, and it will pour out of 
the top of the stove. 
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How to Save the Coal. 

1. Have all the cinders sifted to mix with the 
CO!bA. 

2. Select a hard coal for the range, or mix 
it with coke. 

3. Burn all possible kitchen refuse when you 
can afford to slacken down the tin*. 

4. Regulate the dampers carefully. 

6. Keep the flues and spaces over the ovens 
free from soot, so that they heat quickly. 

6. Keep the fire well madti up, stoking it 
frequently, but only putting on a little coal at 
a time. 

When to Clean the Stove. The 

chimney should bo swept at least every six 
months. 

The flues must bo brushed thoroughly at 
least once a week, or of tenor, if a viuy soft coal 
io used or a great amount of cooking done. 

Brush well over the tops of both ovens every 
morning. 

Wash the inside of the ovens well — the 
shelves, sidott, and door — at least once a w(‘ek, 
with hot soda-wat('r. Use a stiff brush, and, if 
necessary, scraj)o the Hhclvcs with an old 
knife. 

Gas Stoves. These hav(^ nowadays been 
brought to a very high pitch of perfection, and 
are an enormous; convenience in districts whore 
gas is laid on, and the rates are not so higli 
that their us(^ is almost prohibited to all but 
the wealthy. 

For cooking in hot weather, and for small flats, 
they arc a great boon, because? the gas can bo 
turned out or lowered, as dcairc'd, and much 
unnecessary heat saved. 

Unfortunately, householders complain of the 
careless waste of gas caused by the burners being 
left full on when not needed, or the stove being 
used when, perhaps, there is already a large coal 
fire burning in the kitchen. 

Besides this troublt?, tlien^ is not infrequently 
Ml objectionable odour in houses where the 
cooking, is done by gas, so much so, that on 
entering the front door, it is cosil}’^ noticeable 
that the stove is lit. The reason for this is 
either : 

1. The dirty condition of the top of the stove 
under the boiling rings, and the interior of the 
oven. 

2. Top great a pressure of gas being turned on 
for the size of the stove. 

3.. stove being “lit back," as people 
expties9 it — that is, the draught causing it to 
light in the air chamber of the burner. This 
ihay be known by the peculiar noise madi', and 
.die'fiame will be of a yellow, instead of a blue 
colour. It also causes a most unpleasant 
smelt, and soon the burners become choked with 
soot, and very little heat is given. When this 
ooours, the gas must be turned out and lit again, 
and even several times, if necessary, till it lights 
properly. To prevent it, the gas should be 
turned on for a second or two before the match 
isappli^. 

It po$sible, choose a stove lined throughout 
with eha;!ni(el, and the rests for the shelves made to 
pull out. ; This kind is so easy to clean, and the 


bright lining reflects the heat and aids the 
cooking operations. 

The stove should also be provided with a good 
griller or toaster, the heat from the burner, by a 
simple contrivance, being thrown downwards on 
to the broad, or whatever it may be. 

To Clean Gas Stoves. Remove all 
parts possible — bars, shelves, etc. Wash the top 
or any greasy part thoroughly with hot soda 
water. 


Blacklead and polish all the black portions. 
Clean the bars with emery paper, and any brass 
fittings with bathbrick dust and a leather, or 
soft cloth. Should there be any tiles on the 
stove, wash them with hot water, soda, and a 
piect? of house flannel. 

Carefully note that the holes of the burners 
are not choked with grease from pans boiling 
over. This point, is very fre(|uently forgotten, 
witli the result that a very small jet of (lame is 
obtained. 

Substitutes for Weights and Scales. 

Though most eonvenient, weights and scales 
are not an csst'iitial item in the kitchen, 
and in very many households they arc con- 
spieious by their absence. But it is unwise 
to Irusl merely (o guessing the quantities; and 
the following table will be helpful, giving, as it 
does, equivalents for the usual weights : 


] heaped tahh'Hpoonl’iil of Hour , . . . -- 1 ounoo 

1 tal>UM|)oouful of moist sugar I ouriue 

Half a tuhU'spooiiful of syruj), jiun,ot<'. I ounce 
I talilesnoouful or two il« sKertspoou- 

fiils ot luiuid 1 OUllCt! 

4 teaspoonfuls of li(|uid I ouiico 

1 }>rcak fast -cupful — half a pint or a pound 

1 ti'neiipful I t)f a pint | pound 

rt lumps of sugar 1 ounce 

A piece of suet, biittei*, lard, or clari- 

tied fat, the size of a .small lu'u’s egg 1 ounc.(^ 

Weight of an average -si z(^d egg . . . . 2 oiinct's 

Half a candied lemon or orange . . . . . I ounce 


Testing the Oven. It is well to test 
the heat of the oven before putting in the 
meat, tart, or whatever it is. To do this, place 
a piece of white paper on the shelf, and leave it 
for five n)inut<>s. If it has turned 


Light yellow, thi? oven is “ slow “ 

Dark yellow ,, “ moderate ’’ 

Dark brown ,, „ “ ([uiek ’’ 

Black „ „ “ too hot ’’ 

A MARKETING GUIDE 


When at all possihk?, evciy hoirsokeepor should 
do her own marketing ; she will then bo able to 
study tin? prices of the various things, and avoid 
those articles which, owing to various reasons— 
such as the demand for them, or the weather — 
are high in price on that particular day ; wdiilc, 
at the same timi?, she may sometimes ho able to 
give her family delicacies which, as a rule, she 
would consider beyond her means. 

However slender the family purse is, it is bad 
policy to purchase inferior goods ; stale fruit, 
withered vegetables, and stale fish are highly 
injurious. 

Meat 

When choosing meat, it is well to remember 
that a joint containing much fat or bone is not 
economical. Also, that young meat, such as 
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veal and lamb, contains less nutriment than the 
of mature animals, such as mutton. 

DEEP. Good beef should be of a fine, even 
grain, veined with fat, which should be firm and 
of a creamy dull white. The lean should be a 
purplish red. Scotch beef is considered the best. 

^IrrroN. Good mutton should have small 
bones ; the lean should be of a dark red, and the 
^fat Juxrd and white. If the flesh is flabby and 
damp, it is inferior. 

Veal. Veal should liave a fine' grain, with 
the fat very wliite. If it is very young meat, it 
(‘ontains little nourishment, and it is eonsidtu'ed 
by many to bo indigestible. 

Pork. Pork should never be purchased in 
hot weather, but is excellent during the winter 
months. The lean should be of a delicate, 
pinkish wliite, Avith the grain line and close, and 
the hones small. 

Bacon. Bacon with the lean of a very d(‘ep 
;i|Wd is usually very hard and salty. The fat 
should bo of a pinkish Avhite, and tlio lean free 
from cracks. 

Fish 

When choosing fish, see that the (yes are 
bright and the gills a clear bright red ; the body 
should feel stiff and the flc'sh firm. Veiy large 
fish of their kind should be avoided - they are 
usually old and stringy. It is absolukdy (‘sseii- 
tial that shellfish lie perfectly fre.sh, otluTwise it 
is most unwholesonu* ; if in good (xmdition, it 
should fo('l Ii(*avy in comparison to its sizi'- -a 
light lobster is ahvays watery. If a lobster, 
crab, prawn, or shrimp is fresh, the tail is drawn 
tightly against the body ; [uill back tlic tail, and 
it will iinmediatcdy .spring again to its place. .An 
oystcr-slicll will be firmly closed if it is fr(‘sh : if 
it gapes a litth', the oy.ster is losing its fri'shiiess. 

Poultry 

AA’hcn choosing poultry, see that the (yes an' 
clear. The bird should be jilump, without b(nng 
o\Tr fat, the legs .smooth and su[)])le, and tlu' 
feet large for the size of the bird. The skin 
should bo free from hair, tlu'se denoting age, 
H('ii birds are considered inon* tender than cocks, 
and thosi? having yellow h'gs arc g('ncrally 
])ref('rr(ul for boiling. 

(1 loose ducks and g(*ese with yi'llow l(*gs ; 
those with deep twange colouivd h'gs are usually 
ancient birds. 

Select rabbits with soft brown fur and large' 
joints — these an? the .signs of youth ; old ones 
liavo greyish fur and rather l>lunt claws. 

Game 

For roasting, choose young birds ; but for 
salmis, stcAVS, and soups, old ones will do 


excellently. A.s a ruh?, hen birds arc ccmsidei’od 
more tender and juicy than cock birds. If 
young, the quills will lx? soft, and in the cock 
bird the spurs short and smooth. The under 
part of the beak Avill snap across if it is bent back, 
and the logs will be smooth and supple. 

Venison is not considered worth eating unless 
it ha.s plenty of clear, bright-looking fat. 

The legs of wild duck, teal, and widgeon 
should ho soft and pliable. 

Young hares sboukl have smooth, sharp claw s, 
thin (?ars Avhich can be easily torn, and largt* 
knee joints. They should be chosen for roasting 
purpo.se.s, though old ones do very well for 
jigging. 

Vegetables 

On no account purchase stale vegetables ; they 
are most imw'holesoriK'. Cabbages wbich an* 
limp, battered about, and turning yellow should 
be avoided, also withered h'ttuces and cr(?s8. It 
is j)oor economy to piircha.se cheapened gocxiH 
wdion half of them is useless ; it is far better to 
get half the ([uantity for the same money. This 
is particularly so in the case of green peas. It is 
more economical to piircluise half a peck at one 
shilling a ])eck than one peck at sixpence. In 
the latter cas(', the pods would probably be 
yellow and withered, and the peas dry and hard, 
conse(|uontly taking a long time and much fuel 
to soft('n them : while in the former, they an? 
fresh, green, and soon cooked. 

If at all possibh*, buy potatoes in large 
quantities, and store them in a dry, dark place 
for w inter. A rough -skinned potato is gem?rally 
floury, but there arc some exceptions to this rule. 
Small potatoes are not economical, ovTn if low 
in price, as so nuitdi of them is wasted in pet'ling. 

Fruit 

Like vegetabU's, fruit must be fresh and in good 
condition, otherwise it is best avoided. Wtdling- 
ton apj)l('s are tin* best variety for baking in 
tarts or mincemeat. 

Dry Stores 

If buying ilour for ordinary use, “ house- 
holds or “ S('(’onds " is the best, wdiih' 
“Vienna,” or pastry “ whik's ” is be.st for cakes, 
))ufl pastry, ete. 

As coffee, oatmeal, and all spiee.s deteriorate 
with keeping, they are best purchased as 
reipiired, in small quantities. 

Ri(?o, sago, sugar, etc., may bo bought in large 
quantities, provided they are kept in covered 
jars away from the dust. 

Household soap should be purchased in large 
quantities, as it dries with keeping, and so is 
much more economical. 


Continued 
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' Group 1 ' 

CULTIVATION OF LAND FOR CEREALS 

AGSICULTUIIE 

9 

Ploughing, Harrowing and Sowing for Wheat, Barley, Oats, and Root 

Cmititniod from 
page ISiXj 

Crops. Mangels and Weeds. Time for Drilling Seeds. Catch Crops 


By Professor JAMES LONG 

\^^HEAT is usually sown on land \\hi<di has season ~-os}M‘cially dijiin;^ ripening and harvest- 

been dunged and wliioh belongs to the heavier ing--and the method of cultivation. Jn tJie 

class of soil. The land is ploughed earty, most suitable districts the barley crop is a 

harrowed, and the seed drilled. In some of profitable one. but in unsuitable districts, and 

the lighter land districts where wheat is grown largely on heavy soils, it is much more diflieult 

the soil is ploughed rather shallow, furrows are to obtain quality. Harley is very commonly 

mode with a ring-presser to provide a firm bed, taken after a root ero]) fed off by slieep. for the 

and the seed is broadcasted and covered with rea.son that it thrives upon the enriched shallow 

the harrows. Heavy land often needs weathering surfa(;e soil, upon w hi(!h the Hock has been 

after ploughing before harrowing is possible, folded to eat off s\ved(‘a. turnips, sainfoin, rape, 

by which Ave mean that a- ^ kale, and other plants prp- 

the sticky, clay-like soil - J vided for them. It is, ho\?- 

tumed over by the plough ; ever, a i\‘e()gnised principle 

must be brought to smffi a (T|:- intended for 

condition by the aid of should mwer be too 

wind, rain, sun, or frost, that WmIM W^wi sample may be. 

it will break to pieces when d " - ' p spoiled. When, therefore, 

the harroAA^s arc drawn over U /if''’® 1 V m \ fWv/fl its eondifion is higher than 

it. As wheat needs a firm '\wi7 ;)/' \\ V f A\ M I\m V dt‘sirable, oats or wheat 

bed, rare must Ik^ taken not f***^'’^!'* before the 

to plough too deeply, nor to , barky. Harley is also t a ’^eii 

make the soil too loose. / afbT a ])otato crop, this 

Wheat being an autumn- juno-phesskr tuber, being a gross feeder, 

sown plant, it is ofttui essen al to make water- seldom leaving too large a residue of plant food, 

furrows to prevent rain-water collecting and unless it has been heavily manured, 

thus destroying it. It is most es.s(‘n(lal that barley should be 

Barley* Tlie object of the barley grower sown in a very fine s(‘ed-bcd. and this is another 

is not only to obtain a large yield, but fine reason why it should follow a root crop, for, in 

samples for malting purposes. In spite of })reparing for roots by sevcTal (jultivations, the 

foreign competition and the employment of tilth is made both (hu p and mellow’. In sucli a 

barley-malt substitutes, a good sample will still case the lend needs hut a shallow ploughing, the 

realise a respectable price ; but a sample which object l^eing to provide lintmess al)ove and 

is unfit for malting falls to a low figure, owing to firmness below, and yet the soil must be dry. 

the much smaller value of this cereal for feeding The se(»d-hed must be prepared in dry weather 

purposes. Quality depends upon the soil, the by using the most appropriate tools, as the 



yixmoHiNa : BREAiciNa up a new field 
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cxirv'od lined or dr/ig harrow, llu^ medium 
spiked^ harrow, and the roller. Above all, 
poaching must bo avoided, ospeeiully whore the 
soil runs together and becomes impossible of 
cultivation when trodden upon by either men 
or horsc.s. In order to ol)tain evcnni'.ss of 
will the seed should be drilled, that it may 
deposited at an equal dtq)lh ; eo\x*ring may 
bo completed with light harrows, that the soil 
above the sct^cl may remain in a kind and 
mellow condition. 

Oats. Oats are sown iii two s(‘asons, 
although the wintf*r oat, wbicli is drilled in 
early autumn, is common to but few districts. 
Ilio grain of the winter variety is j)referri‘d by 
many owners of horses, esjjecially of hnntei’s, 
while the straw’ is mueli supi'iior in stiumgth 
and fonn to that of the spring oat, whieh is 
usually sown betwTcn the end of January and 
early April. Wlicn the wcNather is open, the 
earlier the sowing the better. The sced-lKHl 
may be deeper than for barley, but it is not 
necessary to produce so line a tilth, the oat 
being a vigorous growing plant, find thriving 
on almost all 
classes of soil 
which arc sufTi- 
ciently provided 
with food, and 
wb’ch are (ih'jui 
and dry. The system of 
broadcasting the seed is 
quite common, but mon» 
seed is required, while the 
plants appear w'ith much 
less regularity, so mimli 
so that at harv(‘st it is 
not uncommon to find 
the majority well ripened 
w'hile the minority are si ill 
almost green. 

Peas. Formerly it 
was the more geiUMal 
practice to sow’ tJu* 
earliest peas in autumn, but in tln*sc days 
farmers prefer early spring. Tii * pea demfiuds 
a tolerably line seed-bed, for which reason the 
land should be ploughcfl as soon as possibl(^ 
after the previous (U’op has Issm removed. 
The first cirilling may Ix' in Jjinuary, if the 
w’cathcr permits, the blue Dowered varieties 
lieing selected, further sowing following from 
time to time until the middh* of March. As 
the season advances, the latci’ varieties are .sown. 
Land intended for ])cfi.s should not be toiiclied 
during wot w’eather, for, wJicrc poaching follows 
the treading of horses find men, .success is 
impossible. Care must bo taken to guard against 
the depredation of birds, espeeially of the 
wood-pigeon, which quickly iintls find steals 
the seed. 

Beans, beans are commonly taken after 
wheat on strong land, and are .■^own ejirly in the 
year, what arc known as winter beans being 
first stdccted, the spring varieties following in 
due course. The bean st finds moderately severe 
weather without harm on dry or well-drained 
land. Tt requi^ps a fairly deep seed-l)ed, which 
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need not be exceptionally fine in tilth. The 
land should be ploughed in autumn, that its 
condition may become sufficiently mellow, and 
a suitable day being selected, it may be har- 
rowed dow’n and drilled at once. When drilling 
is impossible, the method of dibbling may be 
re.sorted to, for it occasionally happens that 
sow ing w^ould otherw ise be much delayed owing 
to the impo.Hsibility of taking the horses on to the 
land Avithout damage, fn dibbling, holes are 
made with a hand-tool, and the seed deposited 
in row s at equal distances apart. Before the bean 
plant appears, harroAvs may be draAvn OA’^er the 
field w itli the object of killing Aveeds Avhich may 
hfiA’c begun to groAv ; w’licn the rows are 
sufficiently derined. the liorse-lioe may be em- 
ployed Avith the same object. Land intended 
for'tieans is occasionally manured Avith dung, 
covered in by the plough in autumn. 

Roots. By the preparation of tlie soil for 
the root crops, by Avhich Ave mean mangels, rabi, 
SAvedos, and turnips, although potatoes may be 
appropriately included, the av1u»1o rotation is 
affected. If the Avork is good, it tells upon the 
gerif'ral yield of the fonr-coursc rotation ; if, on 
the other hand, it is imperfect or bad, the farmer 
may be prepared for .some di-sappointmont. The 
studiMit of faimlng will do AveJl to master the 
principles upon which the cultivation of the 

soil is founded 
ill relation to 
falloAv land. 

It may hero 
be remarked 
that there are 
two classes of 
falloAv, the one 
appli(?d to land 
Avhicli carries 
fallow’ crops, 
among Avhich 
roots are in- 

MANOKL DRUX cludcd ; the 

other, knoAvn 

as liari? fallow', chicDy applied to very heavy 
land. The obji^et of bare fallow’ing was 
formerly intended to provide the soil Avith a 
rest, and to giAo it time to aceurauhite fertility 
l)i*fore it w’as asked to produei» another crop. 
In these days bare falloAving is chic^fly resorted 
to for the purpose of eloaning land, ploughing 
being eonducted from time to time during 
tlu' hot Aveatlier of summer, when, by the aid 
of the sun, weed-life is destroyed. The 
more* this subject is studied by the student the 
more clearly it Avill be shown, however, that, 
iinles:s in exceptional eases, a bare fallow is a 
Avaste. If it is regarded as impossible to grow 
a saleable crop wdth jirofit, it is preferable to sow 
for a green crop, Avhieh may be ploughed in as 
green manure, and in this Avay to prepare a field 
for a profitable succession. 

Elements of a Successful Root 
Crop. A successful root crop largely depends 
upon early autumn ploughing. The land in- 
tended to carry mangels should first be tackled, 
if possible immediately after liarA^est. If time 




permits, it may be skimmed 2 to 3 in. deep with 
the broad share, which not only accompUslics' 
quick work, but destroys growing weeds, and 
induces weed seed to sprout ready for sxibsequent 
burying with the plough. In this work the sun 
may possibly be an available helper. Subsequent 
work with the harrows will largely remove such 
obnoxious weeds as twitch or couch-grass before 
the plough starts its work. In some eaRe. 3 , 
especially on light soils, the steam cultivator is 
introduced, and the land is twice stirred, one 
cultivation crossing the other. Such pratitice 
makes it easier for the 
horses when ploughing 
bejgins. On the heavier 
soils, which have been 
similarly prepared and 
harrowed, the soil being 
dry, the land may be 
ploughed to a depth of fi 
to 7 in. If this is per- 
missible, as it should be 
for the mangel, which 
flourishes best on deep, 
strong, rich loams, the 
soil may be subsequently 
l)Inughed with the ridging 
plough, and left rough 
through the winter. By 
this means the clods will 
be pulverised by frost, the 
soil forming the riflges 
will remain fairly dry, 
while the rain-water will 
find its way into the 
furrows between. 

Autumn Plough- 
ing. So much depending 
upon autumn cultivation 
for roots, the necessity 
of early sowing and 
harvesting will be recog- 
nised. But it must not 
be supposed that early 
autumn ploughing is 
essential for roots alone. 

The land may he prepared 
for wheat and beans, 

6gts and barley, where it 
is intended that the seed 
for these crops should 
be sown early. Land 
should not bo touched 
wiih plough, harrow or 
poller while it is wet, 
r Although there are some 
of the lighter soils upon 
whieh work may proceed 
Very quickly after heavy rain, and liere 
experience, which Ix^gcts judgment, will stand 
the student in good stead. Boots not only 
demand a fine and deep tiltli, for which reason 
a flue surface tilth should not bo buried, but 
they demand sufficient moisture near the sur- 
face jfco encourage the early germination of the 
seed.. , How important this point is will l)e 
nqticiwl if tho thick, hard husk in which the seed 
of thef mangel is enveloped is examined. 
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Drilling of Mangels and Turnips. 

Both mangels and turnips are drilled upon the 
ridge on the heavier soils ; the whole of the soil 
forming the ridge should, therefore, be fine. 
Before ridging for the drill with the double- 
breasted p! jgh —this being the final operation 
with this tool — root land is usually spring 
ploughed once or twice, according to its con- 
dition. When this is su IfaMcntly perfect, the ridges 
are drawn, iisually 27 in. a]mrt, and the furrows 
bc'tween manured with rotten dung, and where 
mineral fertilisers are employed, with these also. 

The plougli then passes 
through the middle of 
each ridge, splitting it in 
hal ves, covering the 
manure, and at the same 
time forming fresh ridges. 
These arc subsequently 
pressed with a light roller 
- -for it is essential to 
prevent the soil “running ” 
or sticking together by 
extreme pressure — and on 
the fiat surface thus pro- 
duced the seed is drilled. 
Swed(is and turnips ger- 
minate l)etter when drilled 
(piickly after this opera- 
tion and while the land is 
still moist. Swedes are 
sown between the middle 
of May and the beginning 
of July, depending upon 
the district and climate, 
the dates of sowing being 
earlier in the south than 
in the north. Turnips are 
sown during June and 
I he first half of July, 
while st\ibble turnips, fre- 
quently broadcasted, are 
sown between the middle 
of July and the last week 
in August. 

The student will do well 
to notice ihe difference 
in th(! rapidity of the ger- 
mination of turnip seed 
on a coarse or dry tilth 
and on a fine, moist, 
fresh tilth, whicfii has 
been lightly rolled. The 
mangel, owing to its 
preference for stronger 
soil, is generally sown 
on the ridge, witli nianuixj 
beneath ; while the 
sw'edti, although the same system of manuring 
is sometimes followed, is more commonly 
manured with ])hoHpluitic manures alone. 

It is important that in all cases the ridges upon 
which roots are grown should not l>e less than 
27 in. apart in order that the horsc-hoe may be 
more easily and advantageously employed in 
keeping spaces between each row of plants per- 
fectly clean. The mangel plants, which, with 
successful germination, produce almost unbroken 

1231 



AOniOULTURK " 

rows, are subsequently singled Avitli the hand-hoe, 
each bulb being left from 0 to 15 in. from its 
neij^bours. The wider the bullw are apart th(i 
larger they grow, but while medium bulbs in- 
volve more labour in lifting at harvest, they are 
richer as a food. Mangels are freq *ently grown 
on the flat on the lighter soils, for the n'ason that 
they better ol>taiii llu" lU'cessary supfdy of 
moisture. 

Mangels and Weeds. Owing, however, 
to the fact that weeds grow more quickly 
than the moiigcd plant, it is good praetiee to 
mix with the mangel seed in the drill a small 
quantity of turnip seed, which appears earlier 
than the 
m a n g 1 
plant ; then 
the rows 
may be seen 
sufficiently 
early to in- 
troduce the 
horse hoe 
iK'fore the 
weeds have 
taken nhso- 
hit<? posses- 
sion of the 
soil. Tln^ 

mangel is 
sown be- 
tween the 
end of 
March and 
the middle 
of May, and 
the variety 
selected will 
d e p n d 
upon the ex- 
po rienci^ ^ 
of the ” 
grower. ^ 

Some find 
the Olol^' , 
or Tank- 
ard SU- . ^ 

porior to 
the Long 
R o d , ^ 

which is 
more diffi- 
cult to lift 

owing to the fact that a larger proportion of 
the root grows within the soil. For this rea.son 
it frequently breaks off in pulling, involving 
extra labour or loss. The object of the grower, 
hower(‘r, should be not only to obtain weight per 
aero, Init weight of food per acre, and this he 
will 'jsecure by selecting varieties which an* 
known to contain a high ]>roportion of fe(‘ding 
matter and to grow' them closer together in the 
rows than usual. 

Where blanks occur in a mangel Held they 
may be filled iif) by planting cabbage or kohl- 
rabi, unless swede seed, having been sown with 
the mangel seed, plants of this root arc in 
possession. Whetlier the mangel land has been 
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supplied w ith dung, after ploughing in autumn, 
or under the seed in spring, it may be advan- 
tageously dressed with nitrate of soda during 
its early grow^th. This fertiliww may bo supplied 
at the rate of J to J ew t. per acre when the 
young plants have been a fortnight above 
ground, while a second and similar dressing 
may be provided Avhon they are half grown. 

Cfovers and Seeds. Clover is usually 
sown alone, a comiuon practice wdth the broad 
red and crimson varieties, to wd)ieh reference 
has been made ; but under varied conditions, 
d(‘pending upon the purpose for which the crop 
is required, and upon some soils, the eharacU^r of 

which must 
always he 
V 0 n suited, 
mixtures 
are some 
timCi} pre- 
f e r r e d . 
These mix- 
tures may 
consi.st of 
the clovers 
proper — 
broad red, 
COW' - gra«j, 
alsike, and 
white, or 
o n e or 
move of 
these varie- 
ties added 
to Italian 
rye grass, 
or, where 
t he plant, is 
to remain 
on the 
ground 
for .two 
years or 
more, yet 
tempo r- 
a r i 1 y , 
with the 
addition 
of cocks- 
foot, cats- 
tail, and 
occa- 
sionally 

Ineerne and smooth and rough-stalked meadow-- 
grass, as shown in the chapter on grasses. 
'Icmporary mixtures are usually knowm as 
seedN,'’ or “ley;," and the .^Jeeds are sown 
with a corn crop. 

Clover is usually drilled, (‘specially where it 
is grown with wheat, but tlie seed should not 
l>e deposittMl more than half an inch in depth. 
When*, as should be the ease, the soil eoverfl the 
seed aRer the drill, it may be found sufficient 
to roll it, otherwise, as where it is broadcasted 
with the set'd-harnnv, it should be covered with 
light harrow's, and subsequently rolled. In 
some instances it is sufficient to cover with a 
bush -harrow', skilfully made by fixing a number 
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of strong blackthorn boughs to a hurdle or an 
implement equally convenient. Again, some 
farmers find it satisfactory to cover the seed 
with a horse-rakc, but in all cascH rolling, the 
weight of the roller depending upon the class 
and condition of the soil, should follow. The 
farmer, too, must judge w'hethcr he should sow 
his mixture of seeds at one or two operations. 
The seed- barrow is of great width, and takes a 
long sweep, but, careful as the workman may be, 
he frequently misses the line of seeding, with tin* 
result that when the plant appears many places 
are recognised which WTre never seeded at all. 
This is prevented by dividing the seed into two 
)>ortions, and sowing the second portion across 
tlie first. In 
using the seed - 
barrow it may 
• c ons tantly 
happen, too, 
unless care is 
exorcised, 
that the small, 
heavy clover 
seeds remain 
at the bottom 
of tlic box, 
and are not 
equally seat - 
t e r o d with 
the grass 
seeds by the 
brushes with- 
in. 

Time for 
Drilling 
Seed. Oc- 

casi onally 
seed is drilled 
with spring 
corn, but on 
soils where the 
tilth is fine 
and deep, this 
is liable to 
bury the fiiu^ 
clover and grass seeds, w liich prefer a shallow', 
firm bed. The more gom'ral practice is to wait 
until the oats or l)arl(‘y havi^ appeared, and are 
hufficiently strong to permit of the drill 
being used, or for the operation as conducted 
with the seed-barrow. Both sainfoin ami 
Uieorno, which may bo regarded as seeds, 
are similarly drilled witli, or among grow- 
ing corn, but in no ease is the crop obtained 
in the same year, although, where the growth 
is precocious, there maybe sufficient green food 
tjut when the corn is harvested to improve the 
value of the straw. The cropping of clover, 
sainfoin, and lucerne assists in renewing the 
fertility of the soil, hut it is inadvisable to allow 
either plant to ^remain dowm long enough to 
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become so foul that the land is in }>art impov- 
erished by weeds, or rendered difficult to clean 
and cultivate for a succeeding oro]>. 

In som(? cases, w here the soil is foul, beans 
may replace clover in the rotation, for the 
reason that th(* land, as aln^ady <'xplaincd, can 
be horsc-lioed between the rows forming tlu' 
crop. Land intcnderl fm* seeds should always 
be well supplied w ith lime, w hich may sometimes 
save a plant from the ravag(‘.«; of tlie eel-worm, 
the chief enemy of broad clover. With this 
obj(*ct lialf a ton of ground lime, i)refcrab]y 
produced from chalk, may be sow n per aci\'. 

Forage, or Catch Crops. A “catch” 
crop i.s a crop whicli is taken belw^een two 

regular or ro- 
tation crops, 
as crimson 
clover sown 
upon wheat 
stubble, and 
removed sufli- 
cicntly early 
in spring for 
tiirni]).-; to be 
.mwn. These 
crops include 
crimson 
clovcr,vetclKs 
OP tares, rye, 
wint(?r barley 
and oats, all 
o f w h i 0 h 
should be 
sown early in 
(ho autumn, 
that they 
may be out 
green and re- 
moved early 
in spring. 
Be fore* so wing 
it is advisable 
that the land 
should 1)0 well 
cleaned by 
surface-harrow ing for the destruction of growing 
weeds, and to incitti the germination of weed 
seeds. The laud, except for trifolium (crimson 
clover), w hich is sow n upon the harrow ed .si uhble, 
should be shallow' ploughed, and the seed drilkni 
and harrowi'd in wliile tlie surface is dry and 
kind. Wheiv, howTver, time ])ermits, deep 
pl()ug})ing is advisable*, inasmiieh as it will 
materially help a succeeding root crop, (/atch 
crops are always assisted by thi^ ju’ovision of a 
dressing of artilicial manure wlu‘re the soil is 
not in the best of condition. But for IrifoJium 
and vetches phosphatio manures are recom- 
mended, and for the cereals a combination, not 
a mixture, of pliosphatic and nitrogenous 
manure (.mlphate of ammonia), 
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•yUE sludtmt lias in tlio prooeding lessons 
* mastered a nnmber of graiiiiiiHlogues, that 
is, words in eoininon use wliich are represented 
by abbreviated plionographie signs. in the 
following list these are included, while many 
additional grammalogiies are given, and the table 
should be studied and mastered in accordance 


with the instructions given on the next 
Iiage. 

Grammalogues (Phonetically Arranged). 
Grammalogiies marked “I” (first position) are 
written <thorp. the line. Those marked “ 3 ” (third 
position) ai o writ t en through the line. Those not 
mnrkcil (second j)osition) are written on the line 


CONSONANTS. 


P 

\ 

1 happy 1 ; up ; put 3 

pn 

\ 

upon 

pr 

•N 

principiSly S 

prt 

<s 

particular 1 ; ojipor- 

(l unity 

B 

\ 

by, l)iiy 1 ; lie ; to be 3 

bv 

\ 

above 

bn 

\ 

been 

br 

\ 

1 

reniembt*r-ed,mem- 

fl'vr; nuuiber-ed 3 

T 

1 

1 

at 1 ; it ; out 3 

tit 

r 

told 

fci’ 

0 

1 

truth; true 3 

trt 

n 

toward 

0 

1 

had 1 ; do ; different-cc 3 

dl 

(’ 

de1ivor-cd-y 

df 

1 

advantage ; difficult 3 

dn 

J 

done ; down 3 

dr 

1 

Dr 1 ; dear; during 3 

tlH 

/ 

much 1 ; whic'h ; each 3 

y 

/ 

large 1 

in 

J 

general 

jnt 

j 

gentleman 1; gon- 

[tlenieu 

S 

— 

can 1 ; come 

kt 

- 

quite 1 ; could 

kntj 


cannot 1; account 

ks 

..uo 

because 1 

kl 

c... 

call 1 ; equal-ly 

called, 1 

kr 


cai’e 

krt 

c- 

according 1 

0 

.i. 

go,agol;give-n 

ed 

- 

God 1 ; good 

grt 

er 

great 

T 

V 

if 

ft 


after 1 

ft 


tor . 

1234 



fr 


from 

fn 


Phonography 

V 


Lave 

vr 


over 1 ; ever-y 

vr 


very; however 3 

Tir ( 

(bank ed 1 ; think 

ihv 


through, thiew 3 

TH 

( 

though 1 ; them 

tht 

( 

1 that 1 ; without 

ths 

i 

those 1; this; 

thr 

C 

these, 3 

other 

thr 

) 

Cv 

their, there, 

they arc 

thr 

) 

therefore 3 

(double length) 

S 

) 

• 0 , ill; tee, uie (uonajS 

8 

0 

as, has 1 ; is, his 

8t 


firet 

sprt 

^ j 

1 spirit 

sv 


several 

Z 

) 

y 

was; use (verb) 3, 
[whose 3 

8E 

shall, shalt 

shrt 

Sf 

short 1 

ZH 

y 

U8ual"ly 

;:hr 

J 

pleasure 

IE 


me,my 1; him,may 

mt 


might i 

ms 


myself 1 ; himself 

mp 


important, 1 ; im- 

(pruvp-ti-inent 

mr 

<r~N 

more,remark-ed 1 ; 

[Mr, mere 

K 


in, any 1 ; no, kuow 

izt 


not 1 ; nature 

nd 

w 

hand 1 ; under 

nn 


opinion 

nr 

! 

nor 1; near 

VO 


language 1; thing' 

h 

r 

Lord 

B 

A 

or l;yoar; years 


r 

rd 

W 


wn rx? 

wi ' r 
Wh ! 
whl ! (T 
Yt 1 ^ 


Daibi 

a I -.J. 


are; hour, our 3 

word 

we 

one 

will 

whether 
while 1 
yet 

VOWELS. 

I and (up) 

I a, an 


ah 


ah ! 


e . the 


eh 


chP 

of 

on 

all 

awe 

but 


oh 

Dasli 

66 


' 0 1 oil ! owe 

I ho 
N to 


oo 


/ should (up) 
' two, too 
* 1 who 


wg t 
Wl I .. 
wo! 
w66 

. 

yoo 

i 

ai . 
ow 
wi .. 


DIPHTHONGS. 

' when' 

1.., with 
what 
would 
...... beyond 

'' ‘ you 
- I, eye 

. — »7.aj«(braa4a^jti) 
A how 
why 
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By means of the directions furnished below, 
the table on the preceding |>;ige may be readily 
committed to memory. Alphabetic characters 
are used to represent all the grainniah»gues 
cxceijt and, he, and theref<n't\ for which con- 
venient signs are allocated. 

The POSITIONS of the logograms, abovk, on, 
and TilRoucni the line, are in general (letorminetl 
by the vowels contained in the words ; and if a 
word has more than one syllable, by its accented 
vowel. For perpendicular and sloping strokes, 
standing alone, the positions are 

1 ah, (fir, d, d, <>/, irl, abovk the line ; thus 

«/. 

2 eh, oh, e, c, on the line ; thus ap, 

,6^^ whethf'r. 

li ee, Of), /, do, <n(\ it, throltoii the line ; 
thus ...yt.. earh. 

Vow'el logograms, and hori:^<mtal and half- 
.si/e«l consonants, have but two positions 

1 ah, aiv, d, d, 7, oi, a//, wJ, abovk the line; 

as (th. 

2 eh, oh, e, a, ce, oo, 7, do, u, otv, ON the line ; 
as ...v., too. 

These rules do not apply to tlie irregular 
grammalogiies set out below. 

It will bo noticed that in the table of 
grammalogiies some words are indicated with a 
hyphen (as, (jice-n) ; or, with a double teiinina- 
t ion fas, importan'^X The (jorresponding logo- 
grams represent both fpoc amX gii'cH, hn porta nt 
and importanrp. 

Ill order to mark the plural number, the 
possessive case of a noun, oi* the third person 
singular of a verb, n may be added to a logogram ; 
t bus 

— --S) 

good, goods; (fod, (rods; rotio^s. 

A logogram may be used either as a prefix or 
sutlix ; tiius 

"'L \. 

afternoon, iinderlahe, hereafter, Indifferent 

Irregular gramuialogues are of two descrij)- 
tions, namely 

1 Those of fre(pient occurrence, w ritten on 
T iiK LINE for convenience. These are 


t 

advantage 


from 


Up< >11 


are i 


have 


usual 

\ 

be 


if 

I ) 

was 


been 

1 

it 

1 

wo 

1 

dear 

r 

Lord 

/ 

which 

f 

deliver 


Phonography 

6 

will 

1 

do 


shall 1 


your 


for 

( 

think 




2 Those which, in their proper position, 
would clash with {ie., be mistaken for) .some 
others. These are 


any 1 

/. . miicli 1 

C... tills 

„ *ago, go 1 

number ed 8 

t those 1 

.7^. in 1 

1 O I oh I owe 

( . tl lough 1. 

me 1 

over! 

.1. truth 

more 1 

parlieulai- 1 

1 with 1 


Fxkkcisk. 

hUrodneing the grannnahxfnes In the preceding 
lahle. To he icritien In shioHiand hg lh.e. student, 
irtnt ninsl nse the graininalogne sign for crerg 
word. 

1. IVIy dear C., One without ])iinci})le we 
canin)t ever call a gentleman. 2. If he bus im 
pleasure in tlie good nor in the true, we do not 
think of his nature as gii'at. M. We can, how- 
ever, remark that fjord W., (lenoral L., and 
Mr. N., are numbered as g(uitlemeii. 4. Though 
there has betui no particular opportunity, tbest* 
have each ami all bad an eye to and im[)roved 
on any imjHubint advantage, and been the first 
to give a gof>d account- of it . 5. We t bank them, 

and remember those things, therefore, because 
we know' them to-bo not a delivery of mere 
W'ords. it. Oh ! that all w'ould do this, whether 
in t heir opiniun or not there w as equal advantage 
or no. 7. All ! how' dillerent might things he ; 
what diHerences could he quite jmt out by a 
more liap])y sjiirit, and through the use of W'onls 
or language which should give no care. 8. Why, 
if we have Die will to deliver it, in the aw'e t»f 
(iod, this may yet ho so I 9. Aye, of a t-rut-h, 
he himself is of this (»|)inion ; for myself, I shall 
list! this very language w ith your doctor. 10. As 
usual, I shall put- down (wery word deliv(*red in 
Phonograpliy, which is of great use in my hand. 
J 1. It is «juite usual, tot), hu- me tt) see not 
several ))ut- a very large number of t hose who 
use it, ami whose piinci[)al {ileasure it is to dt) 
all towartl the improvement of others in it 
when near them, according to tlieir opportunity. 
12. It shoultl he remenil)ered that nmeh W'us 
done during the first year, ay and beyond, for 
it is t)ver two years ago t hat he told you to coim* 
or go to tliem wdien yon liad any ditlionlt thing. 
18. Under them our luemhers, in a short w hile, 
1 think, after the above, will eiiually impr<n'e 
much. 14. I know' all w'ill go up witli us 
t-o thank him, at f)r from w'hose bauds has 
principally been given so much, and therefore 
it is of imporUnce that he should ho called 
upon and thankcsl. 

Writing in Position. When writing very 
rapidly it is im|)ossihle to insert many vowxds. 
This has been recognised throughout, and the 
rules of the system have been formulated, as far 
as possible, with iv. view to the indication of the 
vow'els when they are omitted. I'hiis, for 
example, it is provided that whore there is an 
initial vowel there must be an initial stroke 

consonant, as in the words 

1235 



aHOKTHAND 

V assail, etc. And, in the same way, where 
^ there is a final vow el there must also be a final 
fiferoko consonant, as in the words X] rnr\f, 
'tnoti*nf^ etc. In these and similar words 
the [)resence of an initial or final vowel is 
hidimted by the outline of the word, without 
actually writing the vowel sign. Furtlier 
instances of a like nature will readily occur 
to the student, in connection wdtii the rules for 
the writing of u{)\vard and d«»wnward I and i. 

In addition t o Mie foregoing niel liods of vowel 
sign ifical ion, there is tlie Wiiting of consonantal 
outlines in position^ by which it is possible to 
indicate tlie vowel or the princi{)al vowel in a 
word. As tliere aie three j)ositions in which to 
place the vowels when inserted, so there are 
three positions in wdiieh to place the consonantal 
outlines when the vowels are omitted. The 
positions are named rtjspectivoly Jirst position; 
second position^ and third position; the first 
being nboce the line, the second on the line, 

and the third through the line ; thus 1, ... j... 

2 , ...L.. a, -1 

When the vowel nr ])rineipal vowel in a word 
is a Jirsl-plnrr vowel, the outline for the v\ord is 
written in the Jirst position, above the line; thus 

..Zl . L. dork, I . dniighter, -r:tf.^.^'arrg, 

langh. 


gallant, ^ colt, _/* IM; ..“D... vnatted, 
mated, ^ meted. 

Words in which the diphthong i is accented 
are written in theyi/'.s7. pjsIHon; as higher, 
y^^id inc<>. Where the diphthong ow is 
accented, the outline of the word is written in 
the third position ; as immil. 

Double-length vERi’KNDTcnLATi strokes and 
straight slopjno downstrokes take only the third 

])osition, THiiouuH the line ; as pmder, 

plunder, pounder, tender, 

- j- asunder. A double-length curved sloping 
stroke, or a straight upstroke, can be written in 
the three })ositions ; as father, fetter, 

future, f tatter, tetter, litter ; 

a:ander, tronder, winter. 

In words which l)ogin with a Jint-place 
vowel, tlie insertion of the initial vuw^el will 
usually allbrd the greatest facility in reading. 
But the initial vowel m^ed not be written in 

words like arise, V ordrrhj, ask, 
where it is indicated by the tii’st consonant. 
It should, however, be wiilXen in siicJi W'ords 


When the vowel or principal vowel in a word 
is a seeond-plaee vowel, the outline for the word is 
written iu the second position, on the line ; thus 

. Ji,.code, .. ( '\^loaf. 

When the vowel or principal vowel in a Avord 
in iX third- i)laec vowel, the outline for the word 
is written in the third jHtsition, through the 
line ; thus hojed, funj, feeder, 

....^ i‘uri<nis, . h'uf. 


In words consisting of a liuri/AUital letter 
preceded or followed by an upright or sloping 
letter, the latter determines the ptisition of tlie 
outline, tlie horiz<»ntal loiter being raised oi’ 

lowered as reipiired ; thus puf/.*, \ peck, 

ptek ; cap, . cape, 7Z7\^ keep. 

Derivative words should commence in the same 


position as tlie primary word ; thus r. — care, 
careful; - nnaone, anghodg, 

anywhere, no one, nobody, 

nofchere. ' 


There is no third [utsition for words whose out- 
lines consist of horizontal letters only, or of 
half-sized letters only, or of horizontal letters 
joined to half -sized letters. When the vowel or 
principal vowel in such words is a third-place 
voweh the outline is written in the second 

position, on the line ; thus sank, sunk, 

^y^sink;..^,i^s^nding, i^tendered, %^8^inkred, 


as y apposite (to distinguish the outline from 

^ opposite), address (to distinguisli it from 
X dress), Lcj> adiuinistraiifoi (to <listinguish it 
from df'mon.strati(Oi). It is sometimes 

necessary also, for the wike of distinction, to 
insert a tinal vowel in words whore tlie vowxd 
cannot be indicated by the form of tlie last 

consonant ; as Z \ lady (to distinguish from 
toad), monarchy (to distinguish from 

monarch), enemy {to distinguish from name), 

-\e xtricatc. (to distinguish from extract). Tlie 
student will meet witli other instances udiere 
there is a lialiility of clashing unless a vowel is 
inserted. Experience only will guide him in 
this matter, but he should rather vocalize more 
freely than necessary than run the risk of 
illegibility. 

The rules as to position are not applicable to 

such words as have ontUnes of their own, (which , 

are readily recognised by their distinctive fprift),./ ‘ 

because the inconvenience of writing words like 

dogmatic, Traftdgar, etc., in the first position, 

and discipline, Peterhoroixgh, etc., in uie third 

position, in accordance with their accented 

vowels, would not be compensated by gre^r 

ea.se in reading. . 

• ' 

In the final instalment further instruotioit < 
will be given, which wdll enable the studebt to 
r^d and write the Heporting ISt^le eDV|)loylBd 
in note-taking of various descriptions. 


Continued 
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By A. TAYLOR ALLEN 


Parliamentary Work. Pari ary 
work consists of the preparation of plans 
and sections for projected schemes ))efore 
Parliament having reference to railways, canals, 
harboui’s, docks, waterworks, gas. tramway, 
and other kinds of engineering schenif's. 

The plan and sections should agree from 
actual measurements on the ground, the one 
being co-existent with the other, the fen<-<'s 
and other objects being properly delineatcnl in 
their lateral position, so that the engineer for 
the scheme, on the appearance of the petitions 
and subsequent efforts, may sustain the alk*ga- 
fions against his work by the oi)ponents to tiu*. 
Bill, and that his plans may successfully pass 
ui)on Standing Orders. 

Parliamentary work is very rarely accom- 
plished without tht' surveyor and Jiis staff 
having, in some shape or form, to trespass 
upon the property of others, and it should be 
kept clearly in mind that, under such cinmm- 
stancos, it is essential to fulfil one's dvdies with 
as little chance of offending the owikm* or occupier 
as possible, and most assuredly to avoid doing 
any damage. 

Qualities in the Surveyor. By courtesy 
and consideration in field work, the surveyor will 
enhance his position and command the respect 
of a landowner, whom, at a future dab', li<‘ may 
meet either as a promoter or ()bj(*et()r of tlu' 
projected scheme. ITc must be qualilied to act 
as witness, arbitrator, or umpire — throe qualili- 
cations which demand the most careful training. 
As a witness, lie must have clear opinions and 
clear re.ascms for holding them, and llu'se 
opinions he must be able to express in eoneise 
and lucid language. As an arbitrator, lie should 
have the qualities of an advocate, discriminating 
those poinH most favourable to his own ease 
and lucidly enforcing them. As an umpire, he 
shall have the qualities of a judge, skill and 
judgment in weighing evidence on both sides, 
and in selecting only the material points. 

Projected Schemes. The regulations 
reg.irding the preparation and deposit of plans 
and sections for projected schemes are best 
explained by giving extracts from the Standing 
Orders of the Houses of Parliament affecting 
private Bills: 

In cases of Bills of the second class a plan 
and also a duplicate thereof, together with a 
book of reference thereto, and a section 
and also a duplicate thereof, as hereinafter 
described, and in cases of Bills of the first class, 
under the powers of which any lands or house.s 
may be taken or used eompulsorih’, and in the 
cAse of all Bills, by which any charge is imposed 
upon any lands or houses) or any lands or 
houses are rendered liable to have a charge 


imposed upon tlier)i in respect of any improve- 
ment, a plan and duplicate thereof, togetlu'r 
with a book of reference thereto, shall be 
deposited for public inspection at the office of 
the clerk of the peace for t'very county, riding, 
or division in Kngland or Ireland, or in the office 
of the principal sheriff clerk of every county in 
Scotland, and where any county in Seotlaml is 
divided into districts or divisions, then also in 
the office of the principal sheriff clerk, in or for 
each tlistrict or division, in or through whicl) th(' 
work is pro})osed to lx* made, maintained, varied, 
extendetl, or enlarged, or in which such lands 
or houses are situate, on or before November 
Moth imm(‘diately preceding the application for 
tjie Bill ; and in the ease of railway Iblls, the 
Ordnance map on th(^ scale of 1 in. to a mile, 
with th(‘ line of railway delineated ther€*on, so ns 
to show its general course and direction, shall Ix^ 
deposited with such plans, sections, and book of 
reference ; anti the (rl(‘rks of the peace or sheriff 
clerks, or their res]x*ctiv(‘ deputies, shall make 
a memorial in writing upon the* plans, sections, 
and books of refc'nmcc so de])ositetl with them 
denoting the time at which tin; sajtu* W'ere 
lodged in their respect ivt* office's, and shall at 
all reasonable hours of the day permit any 
person to view and examine om* of the same, 
and to make eopies or extracts thereform ; and 
one of the two plans and sections so dt'jtosited 
shall be sealed up and retained in the posse'ssion 
of the clerk of the peace or sherilf ek'rk until 
eallerl for by orti(*r of one* of the t^vo House's e)f 
Parliament. Jn eases of Bills whereby it is 
propose'll to alter or extend the. munieipal 
boundary of *any city, borough, or urban dis- 
trict, a map on a se'ale of not k'ss than M in. to 
a mile, and also a duplicate thereof, showing as 
well the present boundaries of the city, borough, 
or urban district as the boundarie's e)f the pro- 
posed extension, shall be deposited with the 
town-clerk of such city or borough, or clerk of 
such urban distrie't, who shall at all reasonable^ 
hemrs e>f the day permit any person to view and 
examine* such map, and to make copies thereof ; 
and a copy of the said map, with the said 
boundaries delineate'd thereon, shall also be 
ek'posited at the office of the Board of Agriculturf* 
and Fisheries. 

On or Ixjfore November 30th a copy of the 
said plans, sections, and bejoks of reference, 
and in the case of railway Bills, also a copy of 
the Ordnance map, with the line of railway 
delineated thereon, shall be deposited in the 
Private Bill Office of this Hoii.se. 

Tramway Schemes. In the case of 
Bills for laying down a tramway, an Ordnance 
map of the district on a scale of not less than 
6 in. to a mile, \»ith the line of the proposed 
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tramway marked tlicreon, and a diagram on 
scale of not less than 2 in. to a mile, pn^pared 
irt'^acoordance with the specimen to be obtained 
at the oliice of the Board of Trade, must also 
be deposited at that office on or before No- 
vember 30 th. 

Electric Schemes. In cases of Bills for 


the supply of elect ri(;al energy, an Ordnance 
maj) on a .scale of not less than 1 in. to the mile, 
with the proposed area of supf)ly marked thereon, 
shall be (lf ])osited at the oflice of the Board of 
Trade on or before November 30tb. 

Tidal Lands. In eases wheu’e tidal lands 
within the ordinary spring tide's are to be 
acquired, or in any way affected, a copy of the 
j)lans and sections shall, on or before November 
30th immediately preceding th(^ a])pli<*ation for 
the Bill, be d(q)osited at the office of the Harbour 
Department, Board of Trade, marked “ Tidal 
Waters,” and on such copy all tidal waters shall 
he coloured blue, and if tbc plans include any 
bridge across tidal waters, the dimensions, as 
r(*gards span and headway of the nearest bridges, 
if any, across the same tidal vvatei’s above and 
below the proposed new bridge, shall be marked 
thereon ; and in all such (‘ases such plans and 
Hoctions shall be accompanied by an Ordnance 
map of the country over which the works are 
proposed to ext(*nd, or are to be carried, with 
their position ami extent, or route accurately 
laid down t}i(*reon. 

Riverside Schemes. In cases where 
the work is to be situated on the banks, fon;- 
sborc, or IkmI of any river, a eo})y of the plans 
and sections shall, on or before November .'Ibth 
immediately preceding the application for the 
Bill, be deposited — 

1. If the river is in England or Wales, at the 

offifio of the Hoard of Agriculture and 

Eisheries ; 

2. Or, if tile river is in Scotland, at the office of 


the Secretary for Scotland ; 

3. Or, if the river is in Ireland, at. the Irish 
Office, Westminster, and at the officer of 


the D<q>artnient of Agriculture and Tech- 
nical Instruction for Trehind, Dublin ; 

4. And if the river is subject to a board of 
conservators, at the oIVk^o also of such 
board. 

Railway* Tramway, and Canal 
Bills. In the case of railway, tramway, and 
canal Bills, a copy of all plans, sections, and 
books of referent^e, required to Ije deposited in 
the office of any ch'rk of the peace or sheriff 
clerk, on or before November 3Uth immediately 
preceding the application for the Bill (and in 
the ease of railway Bills also a copy of the 
Ordnance map, with th'» line of railway delineated 
thereon), shall on or before the same day be 
deposited in the office of the Board of Trade. 


Local Authorities. Where, under the 
powers of any Bill, any work is intended to be 
made* maintained, varied, extended, or en- 
larged, or any lands or houses may be taken or 
used compulsorily, or an improvement charge 
may be imposed, a copy of so much of the said 
plans and potions as relates to any of the areas 
‘ ?.ntioned, together with a copy of 


so much of the book of reference as relates te 
such area, shall, on or before November 30th, 
be deposited with the officer respectively herein- 
after mentioned, that is to say, m the case of 
(a) The ("ity of I..ondon, or any borough in 
England or Wales, whether metropolitan or 
other, with the town-clerk of such city or 
borough ; 

(Ij) Any urban district in England or Wales, 
not being a borough, with the clerk of the 
district (*ouncil ; 

(r) Any parish in England or Wales having a 
parish council, with the clerk of the parish 
council, or if there is no clerk, with the 
cliairman of that coucil ; 

(d) Any parish in England or Wales comprised 
in a rural district, and not having a parish 
council, with the chairman of the parish 
meeting, and with the clerk of the district 
council ; 

(c) Any burgh in Scotland, with the town-clerk 
or clerk ; 

(/) Any parish in Scotland, outside a burgh, with 
the cl(‘i‘k of the parish council ; 

((/) Any urban or rural district in Ireland, with 
the clerk of the district council. 

Deposit with State Departments. 
Where, by any Bill, power is sought to have any 
churchyard, burial-ground, or cemetery, or any 
part (hereof, or to disturl) the bodies interred 
therein, or where power is sought to take any 
common or commonable land, as the case may 
be, a copy of so much of the plans, section.^, and 
books of ri*fi‘rence required by these ordej s to be 
deposited in the Private Bill Office in respect of 
such Bill as relates to such (iiurchyard, burial- 
ground, or cemet(‘ry, common or commonable 
land, shall, on or ))efore November 30th, be 
deposited at the office of the Secretary of State 
for the Home Department, and a copy ofso much 
of the said plans, sections, and books of reference 
as relates to such (!ommon or commonable land 
shall, on oi* before th(^ said day, be deposited at 
the office of the Board of Agriculture and 
Fisheries. 

Gazette Notice. Wherever any plan, sec- 
tions, and books of reference, or parts thereof, 
art^ required to be depositt?d, a copy of the notice 
published in the “ Gazette ” of the intended 
application to Parliament shall be deposited 
therewith. 

Description of Plans. Every plan re- 
quired to be deposited shall be drawn to a 
scale of not loss than 4 in. to a mile, and shall 
describe the lands which may be taken or used 
compulsorily, or on which an improvement 
charge may be imposed, or which are rendered 
liable to the imposition of an improvement 
charge, and in the case of Bills of second 
class shall also describe the line or situation of 
the whole of the work (no alternative line or 
work being in any cose permitted), and the lltni^. 
in or through which it is to be made* maintained, 
varied, extended or enlarged, or through which 
any communication to or from the work may be 
made ; and where it is the intention of the pg:0f 
motors to apply for powers to make any UteiNal'. 
deviation from the line of the propose work^ 
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the limits of such deviation shall be defined upon 
the plan, and all lands included within such 
limits shall be marked thei*eon ; and unless the 
whole of such plan shall be upon a scale of not 
less than a quarter of an inch to every 1(K) ft., 
an enlarged plan shall be added of any building, 
yard, courtyard, or land within the curtilage of 
any building, or of any ground cultivated as a 
garden, cither in the line (jf the proposed work, 
or included within the limits of the said devia- 
tion, upon a scale of not less than a quarUu* of 
an inch to every 100 ft. 

Canals, Reservoirs, and Aqueducts. 
In all cases w-hcre it is proposed to make, vary, 
extend, or enlarge any cut, canal, reservoir, 
aqueduct, or navigation, the plan shall describe 
the brooks and streams to be. diiaad.ly diverted 
into such intended out, canal, reservoir, aipicduct, 
or navigation, or into any variation, extension, 
or enlargement thereof respectively, for supply- 
ing the same with water. 

Powers for Railways. In all cases where 
it is proposed to make, vary, extend, or enlarge* 
any railway, the plan shall exhil)it thereon the* 
distances in miles and furlongs from one of the 
termini ; and a memorandum of the radius of 
every curve not exceeding one mih* in length shall 
be noted on the plan in furlongs and chains : 
and where tunnelling as a substitute for open 
cutting is intended, Uic same shall bo marked by 
a dotted lino on the plan, and no work shall In* 
shown as tunnelling in the making of which it 
will be necessary to cut througli or remove the 
surface soil. 

Diversion of Roads. If it In* int('nd(‘d 
to divert, widen, or narrow any public carriage 
road, navigable river, canal, or railway, tin* 
course of .such diversion, and tlu; extent of such 
widening or narrowing, sliall be marked upon 
the plan. 

Railway Junctions. Wh(‘n a railway is 
intended to form a junction with an (‘xisting 
or autliorised liiK* of railway, the course of sucli 
existing or authorised line of railway shall he 
shown on the deposit (*d plan for a distance of 
800 yards on each side of the proposed junction, 
on the same scale as the scale of the general jdan. 

Street Tramway Rills. In cases of 
Bills for hi) ing down a tramway, tlie plans shall 
indicate whether it is proposed to lay such tram- 
way along the centre of any street, and if not 
along the centre, then on which side of, and at 
what distance from, an imaginary line drawn 
along the centre of such street, and whether or 
not, and if so, at wliat point or points it is ])ro- 
posed to lay such tramway, so that for a distan(*e 
of 30 ft. or upwards a less space than 0 ft. (5 in., 
or if it is intended to run thereon carrijiges or 
trucks adapted fi>r use upon railways, a less 
space than 10 ft. 0 in. shall intervene bctw'een 
the outside of the footpath on each side of the 
road, and the nearest rail of the tramway. 

All lengths shall be stated on the plan and 
section in miles, furlongs, chains, and decimals 
of a chain. The distances in miles and furlongs 
from one of the termini of each tramw'ay shall 
be marked on the plan and section. Each 
double portion of tramway, whether a passing- 


place or otherwise, shall be indicated by a 
double line. ^Phe t(Ual length of the road upon 
which each tramway is to be laid shall be 
stated — i.e., tlie k*ngtb of route of each trnm- 
way. 

The length of each doubk* and single portion 
of such tramway, and tin* total length of such 
double and single portions respectively, shall 
also be stah^d. 

Tn the ease of doubk* lines (inckiding passing- 
places) the distance between the (centre lines 
of each line of tramway shall be marked on the 
plans. This distance must in all eases ho 
sutlicient to leave at least 15 in. between the 
sides of the widest carriages and engines, to be 
used on the tramways when passing one another. 
'^Phe gradients of the road on which each tram- 
way is to Ix-i laid shall Ix^ marked on the section. 
Every crossing of a railway, tramway, river, 
or canal, shall l)e s]\ovvn, specifying in the case 
of railways and tramways whether they are 
crossed ovt r, under, or on the level. 

All tidal waters shall be coloured blue. 

All places W'bere, for a distance of 30 ft. and 
iipAvard.s, there will be a less space than Oft. 0 in. 
between the outside of the footpath, on either 
side of the road and the nearest rail of the 
tramway, shall be indicated by a thick dotted 
line on the plans, on tlie side, or sides, of the 
line of tramway w'here sucli narrow places occur, 
as w'cll as noted on the filans, and the width of 
the road at those ])laces should also be marked 
on the plans. 

The [ireceding ])aragiapb shall apply, in the 
ease of a tramroad, wlu‘n‘V(T it is carri(*d along 
a .street or read. 

Definition of Improvement. In the 

case of Bills containing pow'er to impose on 
any lands or bouses, or to rcnd(‘r any lands or 
houses liable to the imjiosition of any charge 
in respect of any improvc'mcnt, the plan shall 
define the improvenu'nt, and also the iinprove- 
nicnt area (b(*ing the limits within which the 
charge may hi* imjiosed). 

Book of Reference. The Book of R('fer- 
cnce shall contain the names of the owners, or 
reputed owners, lc\sse(‘s, or reputed lessees, and 
occ*upk'rs of all lands and houses, which may 
be taken or used compulsorily, or upon which 
any improvem(*nt charge is irnpo.scd, or which 
are rendered liable to luivi* an improvement 
charge imposed upon th(‘m, and .shall descrilie 
such lands and houses respectively. 

Ordnance Datum and Scale. 'Pho 
section shall be drawn to the same horizontal 
scale as the plan, and to a vertical scale of not 
less than one inch to every 100 ft., and shall 
show^ the surface of the ground marked on the 
plan, the intended levc'l of the proposed work, 
the height of every embankment, and the depth 
of every eutting, and a datum horizontal line, 
which shall be the same throughout the whohi 
length of the work, or Jiny branch thereof, 
res]x>ctivcly, and shall be referred to some fixed 
point (stated in writing on the section), near 
some portion of such work, and in the case of a 
canal, cut, navigation, public carriage road, or 
railway, near eithe?r of the termini. The 
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distance of such fixed point above, or below, 
an Ordnance bench mark in the locality of the 
^lj)posed works, and near one of the termini, 
and the height of such bench mark, above 
Ordnance datum, shall also be stak'd. 

Improvement of Navigation. Incases 
of Bills for improving the navigation of 
any river there shall be a section which shall 
specify the levels of both banks of such river ; 
and where any alteration is intended to be made 
thei’ein, it shall describe Die same by feet and 
inches, or decimal parts of a foot. 

Railways. In every section of a railway, 
the lino of the railway marked thereon shall 
correspond with the upper surface of the rails. 
Distances on Die datum line? shall b(5 marked in 
miles and furlongs, to correspond Avitli those 
on the plan ; a vertical measure from the datum 
line to the line of the railway shall lie marked 
in feet and inches or decimal parts of a foot 
at the commencement and termination of the 
railway, and at each change of the gradient or 
inidination thereof ; and the proportion, or rate 
of inclination, between every two consecutive 
vertical measures shall also be marked. 

Wherever the line of the railway is intended 
to cross any public carriage road, navigable 
river, canal, or railway, the lieigbt of the railway 
over, or depth under the surface thereof, and 
the height and span of every arch of all bridges 
and viaducts, by which the railway will lx? 
carried over the same, shall be marked in 
figures at every crossing thereof ; and wliere 
the railway will be carried across any such 
public carriage road or railway, on the level 
thereof, such crossing shall bo so described on 
the section ; and it shall also be stated if such 
level will be unaltered. 

If any alteration be intendc;d in the water 
level of any canal, or in the level or rate of in- 
clination of any public carriage road, or railway 
which will b(.? crossed by the lino of railway, 
then the same shall he stated on tlu? section, 
and each alteration shall be numbered ; and 
cross sections, in reference to the numbers, on 
a horizontal scale of not less than 1 in, to every 
31^0 ft., and on a vertical scale of not less than 
1 in. to every <40 ft., shall he added, wliicli shall 
show the present surface of such road, canal, or 
railway, and th<? intended surface thereof 
when altered ; and the greatest of the present 
and intended rates of inclination, of the portion 
of such road or railway intended to l)e altered, 
shalk also be marked in figures thereon ; and 
where any public carriage road is crossed on 
the level,t a cross section of such road shall also 
; be added, and all such cross sections shall extend 
for 200 yards on each side of the centre line of 
the railw'ay. 

Embankments and Cuttings. Wlierover 
the extreme height of any embankment, or 
the extreme depth of any cutting, shall exceed 
5 ft., the extreme height over, or depth under 
the surface of the ground, shall be marked in 
figures upon the section ; and if miy bridge 
or viaduct more than three arches shall 
interyj^ to e^y embankment^ or if any tunnel, . 


neight or depth shall be marked in figures on 
each of the parts into which such embankment 
or cutting shall be divided by such bridge, 
viaduct, or tunnel. 

Tunnelling and Viaducts. Where 
tunnelling, as a substitute for o^n cutting, or 
a viaduct, as a substituk^ for solid embankment, 
is intended, the same shall be marked on the 
.section, and no work shall bo shown as tunnel- 
ling in the making of which it will Ije necessary 
to cut through or remove the surface soil. 

Gradient in Case of Junctions. When 
a railway is intended to form a junction 
with an existing, or authorised, line of railway, 
the gradient of such existing, or authorised, line 
of railway shall be shown on the deposited 
section, and in eonnection therewith, and on 
tlu? same scale as the general section, for a 
distance of 800 yards on each side of the point 
of junction. 

Form of Estimate. The estimate for 
any works proposed to be authorised by any 
railway, tramway, tramroad, canal, dock, or 
liarbour bill, shall he in the following form, or 
as near thereto as circumstanees may permit. 

Estimate of the. J^ropoiscd Railway. 

Line No. Whether 

single or 

.Miles, f. ch. double. 

Length of line 

(Jul)io Yds.lhico per Yd. £ a, d. £ s. d. 


Karthworks : 
Cuttings — 
Ro(?k .... 
Soft Soil . . 
Hoads . . 


Total 


Emhankincnts, inoluding road.s. 

(Jubie yds. 

Bridge's — Public roads . Numbe,r 
Aceoiniaodatif^n bridges and M^orks 

ViadufJts 

(Culverts and draiti.s 

MotalUngs of loads aJid level crossings 
< hitokcepers’ houses at level crossings 
Permanent way, including fencing 

Miles. f(js. chs. Cost per mile, 
£ 8, d, 

@ 

Permanent way for sidings and coat of 

jnnctioiiB 

Stations 


Contingencies 

. . per cent. 


Land and buildings 

A. r. 

P- ' 



Total S 



The same details for each branch, and general 
summary of total coat. 
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By W. S. MURPHY 

COTTON 


Selecting the Material. The British 
cotton-spinner gathers his raw material from 
afar, and on tlie cotton market the choice is 
wide. Here are Egyptians, brown and wliite ; 
East Indian cottons ranging 
from medium to vi^ry coaiso ; 

New Orleans, Peruvian, West 
Indian, Brazilian, Sea- Island, and 
many other cottons, as the 
student already knows. The 
question now is. What kind of 
cotton do we want ? Surats, 

Bengals, and inferior Uplands 
make coarse wefts ; Bahia, 

New Orleans, Dcmerara, and 
inferior Sea-Islands form fine 
muslin wefts ; warps are spun 
from Egyptians, Maranhams, 

Pernams, and Sea-Tslands ; brown 
Egyptian and fine Sea-Tsland arc mixed for tlie 
finest sewing threads. 'J'he selection is varit‘d, 
but the ta^ of selecting is lightened by tlie 
fact that most manufacturers specialise in 
a limited range of 
yams, some concen 
trating on fine counts, 
others on mediums, 
and a few on special 
classes of yams, while 
the vast mass of the 
trade must be content 
with producing low 
counts, ranging from 
lO’s up to 30’s. 

The best commercial 
results are obtained by 
mixing the fibres in 
various ranges of 
quality. By judicious 
mixing it is possible 
to obtain a good 
(quality of yam more 
cheaply than by using 
only one kind or class 
of cotton-wool. In the 
selection of cottons 
there are several points 
to be observed. Weight 
to length is given as 
the cotton - spinner’s 
standard. That is to 
say» so many hanks 
of ^ yards each must weigh 1 lb. avoirdupois. 
The finer the yam, the greater the number of 
hanks in the pound. Every yard of the yam 
must be of the same weight. This is a very 
if^ot test of accuracy in spinning, one would 


think, but it docs not include everything. 
\ soft, weak yarji may have, the same pro- 
portion of weight to length as a fine, strong 
thread. A harsh and brittle cotton may now 
be spun, with our delicate machinery, into a 
very high count. Fineness, 
lustre, tensile strength, and regu- 
larity arc, therefore, qualities 
which must be considered. The 
best general rule is to mix fibres 
of the same length of staple and 
similar structure, combining, if 
possible, supplementary charac- 
ters. The mixture of brown 
Egyptian and Sea- Island is a 
good example. 'I'lie tine softness 
of thr^ latter modifies the hard- 
ness of the former, while the 
gr(M)t tensile strength of the 
Egyptian adds just, the quality 
in which Sea-TslanH is comparatively deficient. 

Bale Breaking. Having selected our 
cottons, we bring them from the stores, and 
proceed to break up the lavles. For this purpose 
we have provided our- 
selves with a halo- 
breaker. (’aked hard 
withtlui bale-press, the 
bale breaks up in 
lumps, and these arc 
fed by hand on to the 
lattice travi'ller, which 
carries them up to the 
first pail* of deeply 
fluted rollers. These 
move slowly, and draw 
the masses gently into 
the machine, and 
deliver over to another 
pjii r of rollers revolving 
at a higher speed. In 
consequence of their 
higher speed, the 
s(*eond pair of rollers 
drag faster than the 
first deliver, and thus 
pull asunder the clog- 
ged fibres. A third 
pair of rollers running 
behind the second pair 
at a rate of sj)eed still 
higher, draw the 
staples further apart; 
the fourth and last pair of rollers ojwrate in 
similar fashion, delivering the cotton in a fine 
.fleecy state. While being broken, the cotton 
drops % marvellous collection of hard substances 
into the box below, varying from small pebbles 
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to pieces of worn-out shoes. On this account, 
and' to avoid injuring the fibres, the bale-bmnker 
snoidd bo carefully used, and constantly 
attended. 

Mixing. V\'e hav(* already distuissed the 
theory of mixing, and now come to the jmictice. 
I'hcre is one difference in cotton librcs which is 
above and beyond all the selective power of 
man, and we must refer to it hr icily. (V)tton 
is a natural product, and Nature d(K‘s not act 
on mechanical lines, but on vital principle.s. 
Examine, even with the naked eye, a staple of 
cotton from a single* pod, and you will see that 
the fibres are in ditferent stages of ripeness ; 


When different fibres are to be combined in 
one yarn the mixing is sometimes deferred till 
the scutcher is passed. A soft fibre needs to be 
much more gently treated in the opening and 
seutehing than a strong, hard fibre. The cotton- 
wools an* tlH‘refore brought separately through 
to the lapping machine, which is then operated 
as a s])eeial machiru*, and there combined, to 
be roiitly for the carding. But this method cannot 
be detailed further, because understanding of it 
pre-sup[)osL*.s knowledge of processes not yet 
studied. The fact is mentioned to indicate the 
re.sniirces the ingenious mind discovers in pro- 
eess.’s ap])arently sim])le and almost inevitably 
routine. 


some are beautifully flanged, like symmetrically 
curved ribbons ; others are straight tubes, with 
the vegetable sap yet in them. Unless thes(i 
fibres can be very intimately mixed, we cannot 
obtain from them a uniform yarn. Mixing the 
fibres is only the first of the devices by which 
the cotton-.spinncr endeavours lo combat this 
obstinate fact. Combine difT(*rcncc;ii to make 
uniform averagt* ; that is tlie rule, and it mu 


In textile* manufaetures, not less than in any 
other human puisuit. resourcefulness carries a 
man forward lo sueeo.ss. Never before in the 
kt'.own history of the world was there such a pre- 
mium on fertility of jvsource in the minds of 
industrial workers. r]v(M’y detail of every 
manufacturing 
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be rigorously practisoel right into tlu^ heart of the 
spi nning depart men t . 

S 3 veral methods of mixing are adopted. The 
oldest and most commonly pnK’tised is called 
oatching. “ Stacking is another name for the 
method, which is sinijdy the laying of one thin 
layer of fibres on the top of the other till a high 
stack is formed, then raking down the sides 
vertically with a fine rake. Another method is 
practised in certain mills which, we think, have 
the future with them. The object of these mills 
is to dispense with human labour to the very 
utmost. From the bale-breaker the cotton is 
carried on lattice travellers tliat branch off in 
different directions, and at the end of each branch 
revolves a scoop, so tilted that all it receives is 
dropped on to the floor beneath. The speed of 
these scoops is varied, now quick, now slow, and 
the area over which the cotton is distributed 
varies with the centrifugal force of the revolving 
scoop. 
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uttermost by rival firm.s and rival nations. The 
motto of Napoleon The tools to him who can 
handle them — is becoming more and more the 
law of industrial enterprise. 

Opening. If the bale-breaking and mixing, 
by manual or mechanical labour, have broken the 
cotton into fine flakes, they have done all that 
can be expected of them, and further separation 
of the fibre.s must be accomplished by other 
means. For this purpose a number of machines, 
vavi(»usly named o]>ener8 or willows, have been 
developed in a way very interesting in its early 
stages. The first invention was a bench, the 
table of wliich was formed by a tightly drawn 
netting of cords. On this table the cotton was 
spread, and beaten down with wdllow w'ands. 
Next, a man named Bowden contrived a machine 
by w’hieli a scries of parallel rods were made 
to strike the cotton on the netting in rapid 
succession. On the other hand, however,' the 
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natives of Normandy had long used a machine 
composed mainly of plaited willows. “ This,” 
says Dr. Ure, “ is undoubtedly the original of 
the English willow, both in form and denomina- 
tion.” 

Dr. Knight says that the name given to the 
opener is w’holly of English origin, and is simply 
a transfer from the willow- wand beaters on to the 
machine which performed the beating. We need 
not trouble about naiiiL's ; the fad remains (hat 
this old 

cone wil- / 

low f42] / 

contains 
within it 
the prin- 
ciple of 
all the 
openers 
since in- 
vented. 

Within 
the wattle 
cylinder 
was set 
a spindle 
carrying 
a series of 
spikes ex- 
tending at 

right angles and graduated in length, the 
longest at each end and lessening in size to 
the middle. The cylinder was set at a slant, 
and on the top end was a hopper, into which 
the cotton was fed. Put in motion by hand or 
power, the spikes whirled round, beating the 
cotton against the sides of the cylinder, causing 
the dust to fly out through the open wattle, 
and delivering the cotton at the lower end. 

Later machines, of which tliere is a large 
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under part is an iron grid or netting. At the 
wide end of the cone a fan revolves above a 
whirling dust cage, causing a suction of air and 
driving out the dust. When the willow is set 
going and the cotton fed into the narrow end on 
the travelling lattice, the spikes on the cylinder 
and the casing ])uU the cotton open, w’hile the 
whirling motion of the cone and the suction of 
the fan cause the (ihix^ to wheel slowly down to 
the wide end of the cylinder, whore it is received 

by anotJifV 
t. r a V 0 I - 
ling lattice 
and borne 
outward. 
Teas c d 
o}X'n by 
the spikes 
and k^aten 
h a r d 
against 
the grid, 
(he cotton 
is made 
fl c 0 c y , 
clean, anti 
white. 

The 
Oldham 
Opener, 

Probably the olde.st of English willows, this 
machine is still used for coarse cottons of a, 
dirty class. The (cylinder is roller-shaped, and 
so is the casing, llu* low'cr side of the ctuso is a 
scmi-circular cage or grid, (he front half oixming 
and dosing on hingc's. The cotton is fed into 
the o|)ened grid, which is then closed, and the 
machine started. When the fibres liave l)cen 
sufficiently opened, the grid is lowx*red and the 
cotton thrown out. Improved models of this 
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variety, are more or less successful adaptations 
of the principle exhibited in that ancient 
contrivance. Typical models are the following : 

Cone Willow, A cone-shaped cylinder 
(46] hong horizontally within an iron casing, tJie 
outer surfetce of the cylinder and the inner 
suii^ace of the casing studded with spikes, form 
the, main working parts of this machine. The 
cylindrical cone is geared on a spindle to revolve 
at. high speed ; the casing is stationary, and its 


willow have Ixjcn put on the market, advantage 
Ixing taken of the rising and falling of the 
grid to measure by weight the quantities of 
cotton opened. 

The Crighton Opener, The inventor 
of this machine had evidently paid special heed 
to the form of the old Norman willow. His 
invention, at all events, is a very close adaptation 
of the primitive willow. Instead of a solid, 
cylindrical cone studded with spikes, the 
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Crighton oixnii'r a cono grid enoloKing a 
spindle with k'ater arms eonically gracl(‘d, tlio 
ViMies being net apex downwards. Fed through 
separating rollers, the cotton i)asscs into thow ido 
end of the cone beaters through tubi‘s, and goes 
M'liirling round, Hying from gi'id to beaters, and 
beaters to grid, till it reaches the bottom, uhere 
it is drawn olT, speeder! by tlu' fans from whose 
wings a constant stream of air rushes through 
the riUK^liine. 

Exhaust Opener. The student should 
now ho fairly well a<*(jiiaint(‘d with flie functions 
discharged by tla* v/irious parts of an opem^r, or 
willow, and we therefore' contentedly rjuote the 
account the makers giv(‘ of this machine : “ dhe 
cotton is taken from th<‘ mixing and spread on 
the lattice of the feed(‘r, the feeder having 
collecting roller, two pairs of feed rollers, and 
cylinder, which (h'liver it to the dust trunks, 
over vvhi(}h it is drawn hy the action of the 
exhaust fan into the cylinder of the opeiKU*. 'riic 


conru'-otion between feeder and opene^ is auto- 
matic in its action, and requires no attention.” 

Scutching. At this point, cotton -spinners 
who have been paying little or no attention to 
weight must begin. From the semteher the 
cotton passes to the carder, and then there is no 
drawing hack, I'xccpt at great cost. Tlie w'eight 
to length of a given fineness of thread has been 
inevitably dt'termincd. No matter how irregular 
the laps, the carder will inexorably n^produce 
every defect in tlie sliver, and it will go on 
througli the w hole range of spinning maeliines, 
recording the eiror as mercilessly as the Book 
of Life itself. 

The Scutcher. There is only one scutcher 
1 hough there are many dilf(»rent makes and 
numerous small improvement s. In the feeding 
gear espt'cially we hav(^ Ix'cn greatly assisted 
by machine makeis. Originally invented by 
Snodgras.s, of .Johnstone, N.B., and improved 
by Pt'tt'i* (.‘oopt'r, of Johnstone, Crighton, of 
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loose dust is depositt'd in the du.st trunks, and 
the cotton centers the cylinder of the o|K'ncr by 
tin pipes, and after passing tin* cylinder is 
spread level on the tirst pair of cages hy the 
action of the two exhaust fans. It then passes 
through the cages and two ])airs of fen'der 
rollers, is then subjeet(*d to the action of a 
thrcc-w’ing beabT, and is made into good lev(*l 
laps, thus obtaining the givat(‘st amount of 
cleaning with the least damage to. and without 
stringing, the tibres of the e(»tton. Hy the use 
of two fans the cotton is spread level upon the 
cages without having t(^ use dampcTs. At the 
oommeneemenl <»f each laj) the rollers at tli«5 
feeder are. started a short time before the lap 
part of the opener, and at the finish the feeder 
stops the same length of time before the lap 
part. By this means the trunks and pipes .are 
freed from cotton when the lap jmrt .stof;)s, 
mid this obviates any irregularity arising from 
the cotton lemaining in the trunks. The 

im 


Manchester, and many other machinists, the 
scutcher is one of the most important machines 
we have. It can la* adju.sted to w’ork upon any 
class of cotton, and prexiuee *any weight of lap 
required. At the fore end of the machine [ 46 ] 
is the lattice fewl, euriou.sly regulated by what 
has been called the “ piano ” motion. Let U8 
explain. 'Phe area to be covered by the cotton 
taken in at ont* time is gauged on the feed-board, 
and it falls into gear only when the w’cight has 
been supplied. This dc'licaey of feed may seem 
adt*quate for many ])urpo.ses, but it is not 
accurate enough for the ootton-spinner. A 
wooden roller controls the ftx‘d, and under this 
roller we have a series of vertical bars conned eii 
with the cone which regulates the speed of the 
roller. If the layer of fibre be loo thick these 
rods instantly cause the speed of the roller to 
be reduced ; if too thin the speed of the roller is 
quickened by the same automatic agency. 

From the wooden roller the cotton is taken 





into the machine by a pair of deeply Hilled 
rollers, and delivered over to the Ix'ater, running 
at the rate of 2,000 revolutions a minute, batting 
the fibre with its flat ends against tlie curved 
grid below, and chiving out the dust. Tlie fans 
are blowing hard, and waft the fleecy wool along 
the endless lattice to the sieve cylinder, which 
sucks the dust ihrougli while sending the cotton 
on to the second beater, rc- 
. volving more rapidly than tlu* 
first, upon another grid. 

Thence the fibre is taken 
hold of by another air- 
sucking cylinder sieve and 
sent forward to the lap- 
formmg apparatt is . 

Thougli still liicldeii within 
the machine, wo know that tin ‘ ^TjjS^ 

cotton is now a fleecy mass iHH 

or layer lying loosely on thii 
conveyor. Carried forward 
under a guide roller, it is 
made to enter the first of 
two pairs of heavy iron 
rollers, which compress and 
firm it, while deli vermg to the ' 

wooden lap cylinder. Note 
the heavy weights on the 
axis of the roller |45], bear- 
ing it down upon two other 
rollers revolving in the same 
diixX5tion upon it. As the lap roller increases in 
thickness, the angles of the weiglits ehang(‘, so 
that the pressure continues uniform. When 
the layom of cotton have reached the pro|)er 
thickness, the whole machine, from the first 
pair of rollers backwards, momentarily stops, 
whfle'the second pair of heavy rollers, and 
the rest of the lapping apparatus, run on. 
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build up an ideal cotton factory ; but, so far as 
we have seen, the possible perfection has not 
lieen attained. Every cotton factory could be 
made practically automatic from tln^ bale-breaker 
to the carder— at least, such automatoiiism as 
has been made from the carder onAvard can bo 
attained. By wise use of the microsco}A<' and 
the mierometcr at Ihc bale, by careful adjust- 




m 
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causing the lap to break off. The lap roller 
automatically aescends and gives placii to the 
one hung above, and sits w^aiting the call of 
the <^raer. Scutching operations have again 
lieen resumed. 

Throughout our study of this process w'e have 
kept strictly to common practice. By taking the 
highest btiae and there, it is quite possible to 
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ment of machine to machine, and rnacliiiu* to 
prodiictiv(‘ need, the end can be gained. By 
this wc do not mean to dis])raeo labour ; tho 
worker will ahvays be ni‘eded in every depart- 
ment of the cotton factory, but his fimetioii Avill 
be higher and iM'tter paid. It is in the direction 
of increased efficiency and exenaso of higher 
intelligence that tin* worker must look for an 
amelioration of his 
lot, so far os it can 
be impi’ovcd in the 
industrial splieix'. 
'Phe British work- 
man has no superior 
on the face of the 
earth when he 
chooses to use his 
brains. 

SILK 

Washing and 
Dressing SilK 
Waste. Baw' silk 
comes to this country 
chiefly in the form of 
a thread, and there- 
fore does not enUT 
into this stage of 
NE our study. With silk 

waste the case is 
different. Silk waste is as much a raw^ fibre 
as either wool or flax, and requires treatment 
resembling in several resjx'cts tho preparatory 
processes to which both these fibres ai’c subjoef, 
8i!k is among textik^s what gold is among metals ; 
it exercises a magical charm over tho minds of 
men. After Lord Masham’s famous experi- 
ment, hundreds of textile manufactuters sought 
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to devise for themselves methods of utilising 
silks. I’he consequence is that we have 
different processes with machines corre- 
sponding. It is impossible in this course of 
study to view every variation in textile m?inufac- 
turing processes, and it is only fair to admit that 
ours is only one or two out of many processes. 
In some factories all silk waste is treattnl alike, 
but we think the belter plan is to make a difference 
between cocoon and other wastes. 

Treating the Cocoons. The waste 
from cocoons consists of broken cocoons, rough 
doss, unrcclablc knubs, and other material of 
similar kind. A hot solution of soap is prepared 
in a laundry w^ashing machine, or dollying tub, 
and into the liquid the cocoon u astc is f)ut. Hy 
a simple mechanism the stamp(‘rs are lifted and 
let full, while the tub revolves on a. tooth and 
ratchet arrangonumt. '.riie heated liquid, with 
its strong detergent properties, aided by the 
elastic pressure of the wooden stampers, or dollies, 
drives out the dirt and gum. It is a simpk* 
operation, but care has to be exercised. The 
stampers may bruise the fibres, and the caustic 
'of the soap may slirivel them. With a reason- 
able amount of care, however, w'o can get clean 
and good fibres from this tub to put into the 
one next it— a cold washing machine, in every 
way similar, excepting that a continuous stream 
of water runs through, ^fhe washing done, 
we pour the cocoons into a hydro-extractor. 
This is a form of drying machine, horn long 
after the main j^rocesscs of t(‘xtile manufactun* 
were determined, and thorofon* little used among 
us. Enclosed within a round iron tank, from 
which a waste pipe protrudes, is a wide basket 
composed of closely woven wire. Placing 
the wot silk in the win* basket, wo put on 
the drive. Slowly for a moment, but quickly 
gathering enormous velocity, the basket wliirls, 
the motion driving the moisture througli the 
sieve into the outer tank, drying the cocoons 
with great rapidity. 

Next, the cocoons have to be loosened so that 
the threads will fioat free. Sometimes this 
is done simply by boating ; but a good machine 
has been invented for the purpo.se. Over 
a revolving tray is geared an endless band, to 
which a series of belts is altachcd. Laid on 
, the tray, the cocoons arc. subjected to a rapid 
succession of whips from the fiyiug belts, ami 
effectually beaten louse. In this condition 
this section of the waste can be allowed to wait, 
for study purposes only, of course, till the other 
section is brought up to the same pitch of pre- 
paration. 

Washing the Waste. The greater por- 
tion of the waste is a gummy mass of tangled 
material, scarcely recognisable as silk. When 
first the W'aste began to he utilised, it w'as 
boiled till all the gum was dissolved. Some 
silk manufacturers still favour the boiling 
process, believing that it is gentler on the fibres 
than any other method. Though boiling may 
produce good results, the proce.ss has been largely 
discarded in favour of retting. The masses of 
waste are immersed in shallow tanks containing 
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a soapy solution. Along the bottom of each 
tank a coil of steam -pipes is laid. Firmly closed, 
the tanks arc heated up to 170° F. by steam 
introduced into the coils, and the mixture 
allowed to ferment. 

If injury to the fibres is to be prevented, the 
closest watch must be kept, and when sufficiently 
retted the waste should be lifted out and plunged 
swiftly into a dolly-tnb containing a warm 
sol lit ion of soap, 'rhe least delay in carrying out 
these nets brings serious consequences, for the 
slimy substance bred in the fermentation liardens 
at oiice and becomes utterly insoluble. 

The washing and drying of this waste differs 
in no important . particular from that carried 
out on the w\aste cocoons. 

Teasing. When silk waste first began to be 
utilised, it w'as thought that nothing less violent 
than the rag-tearer of the shoddy manufacturer 
would serve to break up those tangled masses ; 
but of late gentler methods have been found to 
answer llu; purpose better. In some places, 
the wool -opener is used, and in others the “ fear- 
nought*’ ; but the latest filling engines, allied 
to the thorough washing wo have just seen, 
arc till* only instruments needed to disentangle 
the fibres. 

Filling. Machine makers offer several 
kinds of filling engine. Home have feeding bands 
covered with Hlilo teeth, to hold the fibres ; 
others have lluted drawing rollers, for the same 
purpo.se ; but the engine we illustrate is among 
the iK'west models |48J. Laid on th(5 travelling 
lattice, the fibres are borne into touch with the 
first of a set of rollers closely covered wMth 
little teeth that drag and pull out the tangles. 
Passing through combs, carried off on spiky 
rollers, smoothed out by roller brushes, the 
silk waste at last is dragged on to the largo 
cylinder studded with rows of spikes on w'hieh 
it is cut to lengths of about 3 in. 

Another machine nnudi used is very direct in 
its action and easily wrked. The feed cloth 
i.s covered with little spikes that, while feeding, 
drag out the silk. I’wo tooth -covered rollers 
take on the fibres, one after the other, and, 
being run at different speeds, pull it out. At 
the back of the machine is the huge cylinder, 
with spikes set at intervals of three or four 
inhes across its breadth. Driven at a moderate 
speed, the spikes come round and insert them- 
selves into the tangles of silk, and pull out a 
range of threads. Every row of spikes takes a 
share, and the cylinder thus becomes clad with 
silk fibres. The attendant of the machine cuts 
out the spoil carried by the spikes, and forms 
them into what arc called stricks, the breadth 
of the cylinder, and each fibre the length of the 
interval between the spikes. 

Whatever may be the form of the filling 
engine, its main object is to card out the fibres 
and c\it them down to a length suitable for 
passing through the spinning machines con- 
structed for fibres of moderate length. If the 
machine accomplishes that purpose, we should 
venture to think that its principle of working 
can hardly bo strange to us. 
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Dresaing* The dreBsing machine is a 
remarkable contrivance, original in conception 
and highly efficient [ 49 ]. First we take the 
atrichs derived from the filling engine, and fix 
them into wooden clamps, technically called 
“ books.** These are fixed into the bed of the 
dressing machine. Observe on the machine a 
broad, endless band, stretched between two 
heavy rollers, and upon the band at short 
intervals, belts of heckle teeth, named combs. 
When tne stricks arc properly S{'t and tlu^ 
machine running, the band brings those combs 
through the fibres, and they take away as many 
short or doubled fibres as will come, while 
finely dividing and combing out the fibres that 
remain. After a time the combs come away 
clean, showing that the silk has been suflicMcntly 
treated. Now stop the machines and lift out 
the clamps. The fibres there are said to be 
the first draught, and are of the highest quality. 
From the combs the fibres are olcaned and put 
into the wooden clamps on the bed of the 
machine. The travelling combs gently, but 
firmly, pull out tlie shorU^r silk threads, leaving 
in the clamps those which are of sufficient lengtli 
and regularity to take the combing without 
yielding. These fibres are named second 
draughts, and rank second in (quality. The 
process is repeated another three or four times, 
and nothing is left save the very short fibres, 
which, under the term noils, pass through the 
common carders in a manner we shall study 
shortly. 

Improved Machines. Makers of machines 
for every department of the textile industry 
are constantly devising new things. Silk 
dressing is no exception, and it is (piite im- 
possible for practical men to keep pace with 
the inventors. One of the machines which 
has come lately into use is worth noting, because 
of its special character. In this contrivance, 
the main features of wliich an? three cylinders, 
the stricks are wound on to wooden rods, which 
are clamped on to the centre cylinder. A huge 
affair this central cylinder moves slowly and 
majestically round, while the two side cylinders, 
clothed with serried teeth, run in opposite 
directions xt a good speed. The motion of the 
two outside cylinders is always opposite to that 
of the centre cylinder, and the teeth, therefore, 
pull at the fibres fixed on its surface. After 
one end has been combed, you simply remove 
the rods, reverse the fibres, and fix them in 
again while the machine is running. TOe 
machine is certainly simple and very easy to 
work. 

Automatic Dressing. In the great silk 
works at Manningham, the aim of automatic 
perfection is steadily pursued. Here, instead of 


being cut into stricks at the filling engine, the 
fibres are formed into a lap on the opener or 
willow. These laps are laid on a feeding 
table, witli a rocking filling head. P»u*aUel 
with the table is a moving comb. With 
the forward movement of tlie rocking filler 
the fibres are thrown on to the comb and 
pulled. As the rocker falls back, a knife 
comes down and sev(?rs the taut fibres. The 
comb moves forward, to traverse three machines 
in a sin\ilar way, and then from above and bclow' 
come sets of nips which take aw^ay the fibres 
and, on endless bands, convey tnem to the 
carding cylinders. Borne on to the end of the 
.series, the* fibres are finely dressed and ready for 
being formed into slivers. 

W ild Silks. Up to the time when the process 
w'e have examined had come into general know-^ 
ledge many of the “ tusscli,” or wild silks, of China, 
India, Japan, and America, though sometimes 
reeled and worn by the natives of the East, were 
almost wholly disregarded by tlie silk w^orkers 
of Euro|X\ The yamamai of Japan, the 
ailanthus of Chefoo, and several of the Indian 
wild silks, though true tusselis, were reeled and ^ 
thrown by Europeans, but the greater number 
of the varieties of that class c?oul(l not bo utilised 
among us, because of the cost the reeling involved. 
The waste-silk process has completely obviated 
the difficulty presented by the tangled and 
gummy cocoons. By tn'ating the wild silks in 
the same way as the broken cocoons and knubs 
of the cultivated varieties, wa obtain silk yarns 
of a very high tpiality. Indeed, it is sometimes 
asserted tbai some of the tussehs so treated are 
equal in lustre and other qualities to the very 
finest of the cultivated kinds. We hardly ven- 
ture so far. For one thing, the wild silks give 
more anxiety and trouble to the dyers and 
bleachers, many of them being of an indelible 
brown shade. It is true tliat metliods of bleach- 
ing them have been devised ; but these methods 
involve both trouble and exjxnse. Even so, the 
waste-silk process lias in this manner vastly 
enlarged the sources of silk supply. If the silk 
industry of Great Britain were to renew its 
former prosperity, the vast numbers of wild 
silkworms in Inrlian forests would l>e properly 
utilised. Tusseh cocoons, as we have hinted, are 
treated like the broken cocoons of the culti- 
vated varieties. We hardly need, therefore, go 
over the process again. 

In some degree our study of silk waste has 
carried us bt^yond the precise limits of purely 
preparatory processes, and led to trenching 
somewhat on the carding and* combing pro- 
cesses, which should be studied thoroughly by 
themselves. The carding proper of silk waste 
has yet to come, how^ever, and then that class 
of fibre will fall into line with the others. 


Continued 
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OUTLINES OF EDUCATIONAL TOURS ABROAD 

Itineraries of Travel in Austria and Hungary. A Guide to the 
Art Treasures, Historic Sites, and Scenic Beauties of these Countries 


By J. A. HAMMERTON and WILLIAM DURBAN, B.A. 


AUSTRIA 

Austria is an iclonl rouritry for the infelligc'ut 
traveller. Tliis great seetioii of iSouth (/(‘ntral 
Europe is more eorujmite in its nationalities 
than any othcM* isn’t ion of the ( Amtinent, and all 
its diverse populations are extremely interesting. 
Here ancient and modern history blend in almost 
bewildering combination, so that the tourist's 
attention is constantly invited to the considera- 
tion of fltrangi* contrasts. Austria lias only 
recently begun to receive, the acknowledgment 
it merits as a resort for travel, study, health, and 
recreation. The mighty Danube and its tribu- 
taries, the majestic mountain ranges, and the 
exquisite lak(‘s. all lie Avithin easy compass, so 
that nowhere is a delightful tour more eon- 
venicntly to be arrangi^d within the scope- of a 
brief Jiofiday season. The wonderful mountain 
scenery iiu^ludes tin* Ortler (Jroup, tlu^ ( Winthiau 
and Styrian Alps, and many of the grand(‘st 
of the Ihilomite peaks. Miicli of the famous and 
incomparable Tyrolese region is within the 
Austrian Empire, and many (»f the lakes are of 
the utmost loveliness, 'rravel in Austria is now' 
greatly facilitated and economised by tlu^ zone 
Kystem, as well as by the arrangements made 
under the bureau of the State railways, which 
gives courteoTis and speeilie information as to 
condif^ions and fares. J week in An.sfria is 
often snatched hy those Avhose main object is to 
visit (icrjiiany, or Italy, or Switzerland. Such 
an interlude alTords a delightful opportunity of 
making aeipiaintance with Viimiia, and with a 
few of the heautifnl Danubian cities, such as 
Passau, Linz, and Presliurg. But more than 
this is not possible. 

A Fortnight in Austria. Two weeks 
enable one to see a good deal of the eountry, 
and can searei'ly he excelled as a holiday. The 
spots to be visited are full of the most varied 
fascination. 

First Dvv. The travolh'i- moat eonveniently 
romnu*nc<*.s with Passac. which ho reachoa by rail 
from Miinic'Ji, or else from Nuroinborg through 
Ratisbon. At the eluirming old city of PnaHau wo 
strike the Danube and cross the Austrian boundary. 
This is ono of the most beautiful spots on tliowdiole 
course of tlio great river. The striking confluence »>f 
the Danube, hin, and II/. Lovely views from tim 
heights near the banks of these rivers. Cathedral of 
St. Stephen, ono of the flnest of all ancient Teutonic 
churches, founded in the fifth century. The Parade 
Platz iu front of the Cathedral, Avitli great bron/i* 
statue of Maxiniiliun T. The noble Jlathhaiof, <u* 
town hall, with council chamber einbellishod with 
historic ])ictures. The quaint, ancient churches 
ot the-' Heilige Kreuz and Maria Parz, tlie latter con- 
taining the tomb of Abbess Giscla, Queen of Hungary. 

Second DaV. Thi.s w'ould be spent in the beauti- 
ful environs of Passau. The ]nlgriniag© church 
of Maria iM itf- The* fortress of Oberhaun, in a romantic 


sput by the 11/. The Jlz Jiridge and the Jielvedere. 
'I'lie KloMterberg. with wimderful views. 

TiiiKi) Dav. Steamboat journey to Linz. Scenery 
grander tium that of tlie Rhino, tho noble stream 
winding its way through precipitous w'ooded hills, 
with ri< h vineyards on the lower slopes, Linz is 
reached iu the eviMiing. 

ForuTii Dav. Linz is a beautiful and charac- 
teristic Austrian city, and tho capital of Upper 
.Austria. Splendid bridge ovi^r the Danube. Tlie 
fine Ifaupt Platz, in whiclif rises the lofty Trinity 
Ct>lumn. The uoblo thoroughfares of the Klosler- 
gnsse. tl»o Sehmiedt tor Casse, the /Jam (rnnae and the 
Land Sfrasse. The aucient Cathedral. Tho mw and 
beautiful Colliic Cathedral, with votive chapel 
richly ilecorated with marlih* mosaics, gilding, uiul 
stained glass. Short trip to the I^nstlingbenj and the 
]>ilgrimage church of St. Magdalena, from both of 
which are obtained magnilicent views of tbe Daiiubo 
and t he country. 

Fifth 1)\n. Another glorious flay’s ride through 
s(»me of the nifist faseinating seimiM'y iu Kuropo is 
obtained liy going from Linz to Vienna, on the 
I)aimh(‘. Kveryw'here are dotted romantie old castles 
pcTcluHl on pictiiresipie crags. Near the island of 
Worth is the Greiner Sehu'dll (surging w'ater), and 
further on is the famous ’’ Strudel ” or whirlpool. 
'I’iie tlay's voyage is a mmnorable i»ne. 

Sixth Dav. 'I’lie city of Vienna is on tlio VVicu, 
a sh<*rt distauei^ from tlio Danube. Many days 
might be spent luu’e, for so much is to be seen. Tho 
(Miurch of St'. Slcjihen. tho Cathedral of Vienna, 
the (tiant’s Di>or ami the tw«) towers called the 
Ileideuthurme. '.I’he famous chapel of St. Barbara : 
the '.I'heklii Choir, with tho heautifnl sarcophagus of 
Kaiser Frederick lib; the famous pulpit in tho 
iia\o ; tho great catacombs under the church ; tho 
t«Avcr of St. Stephen Avith grand viow of the bntlle- 
fichls of J^obaii, A\ agram, and Kssling. 

Seventh Dav. On the second day iu Vienna, visit 
Iho Grahen, tbe chief business street, formerly the 
groat moat, now' eoiilaining magnificent shops, and 
iu its central ]»ortiou the lofty Trinity Column. 
The Hofhnrg, or Hoyal Palace, with monument of 
Francis II. ami the splendid statues of .Joseph 11, 
Archduke Charles, Prince Eugene, and Francis 1. 
Ill tho Hofburg are the vast Imperial Library and 
tho famous Treasury, full of preciou.s jewels, regalUi, 
and jiric-eles.s liisiorie relies and curio8it.io.s, including 
the crown of Charlemagne, and the celebrated 
Florentine diamond. The Imperial Picture Gallery, 
with masterpieces of nearly all scliools. Graiul 
speciinoiis of Titian. Ra])hael, Correggio, Parmi- 
gianino, Giorgione, Diirer, Rubens, etc. 

Kiohtk Day. A third day would be devoted 
to the sights of the city. Academy of Art, wdth 
W'Ofulerful picture galleries, containing famou.s 
pictures by nearly all tho groat artists of various 
countries, the most famous being the “ Cupid ” of 
Titian, the “ Two Boys Playing at Dice ” of Muiillo, 
the '* Boreas ** of Rubeii.s, and several landscapes of 
Huysdael. Tlio Piny Stras^e and the Franz Josephs 
Guai. which together encircle the inner city told form 
one of tlio most imposing .streets iu all Europe. 
Tho inagniflcent buildings to he inspected are the 
Exchange, tlie Handels Museum of Manufactures, 
the beautiful Gothic church called the VotMirfhe, 
tho splendid Vniversity. the sumptuous Rathhaus, 
the Historical Museum, tlie Hofburg Theatre, richly 
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(ultirnod with piiiiitiiips, the Houses of Parliament, 
tlio Palace of Justice, the grand Maria Theresa 
Monument, the Natural Historff Mtiseum, t!ie Art- 
History Museum tlie Imperial Opera House, and Mn*. 
M useum of Industry. 

Ninth Dav. The outer districia of Vikvva 
contiiiu a wt>rld of interest in tliems^lves. A d»*lig]ii« 
ful half-day may bo spout iii the Cfdebratod ])ark aiul 
forest ealled the Prater, in wJiioli tlie hluiipt -Alhv'. 
or principal avenue, with its fjiindruplo row of 
grand old chestnut -trees, is Vienna’s most fashion- 
ahle suburban resort. In tho north-western juni 
of Vienna are many interesting old stn-ets. adm iie«l 
with pietiirosque statues, fountains and elMin*lio?-, 
and with the (|uaint old Palace, and Picture. Ou/ferits' 
of Count Harraeh, to wJiich is attached the hemitifui 
Winter Carden, 

Tenth Dav. Journey to Bot/en. This is a 
long, but most inttu’estiiig day’s ride through one of 
the most picturesque regions of the Austrian Kinpin\ 

It brings the tourist into tho very heart t»f the 
heautifid Austrian Tyrol, and lands him in tlie 
delightful ohl city of Botzen, situated in tlu' mid'-l 
of file glorious Tyrolese Alps. 

Klevknth Day. At Botzen the tourist is at tho 
gateway to soiim of the most super!) s<-enery of 
Ontral Btirope. See tlie (lothie Parish Church Mith 
beautiful open towm*; the Franciscan Monastery : 
i\\i\ Valtmrienbr^g, a delightful litlh* exeur.sioii e«)m- 
inanding splendid mountain vie.ws. 

Twelfth Day. (Jlorious ride ovm' tlie lirmner 
Pass, by the highest luountnin railway in Kuro]»e, 
and through scenery that- is imleseribaldy beautiful, 
to Innsbnu'k. 

Thihteknth Day. At Innshei i k tie- toiiiist is 

the capital of Tyrol, and he is at once faseinati'd 
with tho attraetion both of the city itsidf and of its 
glorious Hituation, 2,000 ft. above tlie s<‘a-le\el. 
in the niiilst of a <*trelo of imiji'stic mountains. Th** 
great .siglit of the city is the Uofkirche, eoiitainin-r 
the world-famed and sumptuous monument to 
Maximilian I, which occupies all the centre of the 
nave. The eliureh also contains a marble monu- 
ment of Andrew Hofer, The neighbourhood <*f lims- 
brftck affords a gr<*at choice of charming little 
eveursions. 

FoI'RTEEnth Day. Tin* traveller will lea\e 
Anstria by taking train to Munich. 

Longer Tours. Tf three vneks can Im* 
devoted to a tour in Austria, the third wt'ck 
should include visits to Salzburg and a few of 
the beautiful lakes, sueli ns the Acluntsee. tin* 
Kainmcrsce, the Trnunisec*, and the Walhu’set'. 

A month would enable the visitor to ineUnle 
an extension into Doheniia, taking in not only 
the quaint, historic cajiital Prague, lint also such 
lieauty spots as Pilsen, Maricnbatl, SiclM'iibergc, 
Eger, Karlsbad, etc. 

Travel and Food. Travel in .\ustria 
is rendered somewhat exjieiisivc from the fact 
tiiat the leading coin, the kroner — etjui valent to 
about two shillings — does not go much farther 
than does the shilling in England. Also the 
railway fares from Austria are somewliat liigher 
tJian in Germany. Aleals in Austria are some* 
what luxurious. Fruit is very abundant nml 
delicious, and fine caviare, (the roe of tlie stur- 
geon caught in the Danube) is a common 
commodity. Nowhere can better eojfee ho 
obtained than the decoction prepared throughout 
this country. It is served with whip|H‘d cream, 
and is styled “ Kalfec mit Ohers.” 

Pares. The fare from London to Vienna is : - 
First class, single, £7 9s. 8d. ; return, £11 12s. 
'’'ffeond class, £5 is. Tid. ; return, £8 Is. (kl. 
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Books. Much interesting literature of 
Austrian tra\'el is current. Amongst the liest 
hooks in the category may ho mentioned ]\><. 
Donner's “ Down tho Ifanulx*," Hrowning’s 
“ Girl's WandiTings in Austria,'’ Reovo’s 
“ Ht'sidcnce in Vienna." Hodgson’s “Wander- 
ings through rnknown Austria." Tissot's 
" I'liknoAvn Austria,” McCracken's “Tyrol," etc. 

HUNGARY 

The famoiiH land of the Magyars is, in natural 
re.sources. one of tlio richest sections of the 
(.’ontinent, and it is, in manifold respects, ono 
of the moat interesting. Hungary constitutes 
in area the larger portion of tho great, dual 
Em])ire- Kingdom. Tt is a country of ancient 
historic romance. Tho regions of the Huns must 
c*ver attract lovm’s of history and literature. The 
wild lability of the (^irpathians is, year by year, 
adniircd by an increasing nnrnher of tourists. 
Hungary owns the most picturesque reaches of 
tlu' noble Danube. The vast and fertik* wheat - 
growing areas of the “ black earth " plains form 
a iiniipio feature. The fascinating character. of 
tlie jM‘C“uliar races --Magyar.s, )Slovaks, (Voats, 
Dalmatians, Ruthenians, and Zingari (gipsies) — 
is a(‘knowlodged by all visitors. English pc^oplo 
arc ahiays specially welcome* in Hungary. Tiie 
popular senses of gratitude to our nation for 
sympathy manifested in the clays of Kossuth is 
as liv(‘ly as ever. Very momorahle is a visit to 
any Hungarian town or village on any national 
teast day. The beautiful tsardas, or national 
dancc‘, is p(*rformed with singular grace. 

Travel and Food. Trav(‘lling in Hun- 
gary used to he inconvenient and expi'iisive, hut 
tlH^ adoption of tJie zone tarilT has entirely 
changed the conditions. TIk^ land one of gri'at 
fertility. Fruit and all kinds of pi’ovisions arc 
abundant and cheap. TJie inns arc almost cvery- 
wlien^ exceedingly comfortable, the dome.stic 
life of the people being of a liigli standard. 
Hungary is a great wiim - producing country. 
Till* tralhc on the Danube and on tlu? rivers 
'riiciss, Drave, and Maros is immense, and tlu*. 
ac'conimodation on the tine sti'amers for both 
night and day voyages is excellent. No country 
supplies pleasanter conditions for the tourist. 
.Many of the customs of this interest ing country 
are altogetluH- unique. Tiie visitor linds himself 
amongst a most hospitable and genial ])eople. 
He is presented with many dishes he never saw 
idsewhi're. The famous [lapj’ika,'’ a generic 
t<‘riii for gami* or fowl prepared with a mild 
species of red pepper, is om^ of tlu^ national 
viands constantly in evidence. 'Hio peopli? 
r(»vel in delicious fruit, and the land overHows 
witJi ph‘nty. In almost every large restaurant 
hands of “zingari,” orgijisy wandering musicians, 
perform, I’iiese play tin* most weird music with 
lemarkahle skill, and the itinerant orchestras 
art* exceedingly popular. 

A Week in Hungary. This is fre- 
quently spent by tourists as an extension of an 
Austrian tour. It is naturally occiifiicd in 
voyaging df>wn the Danube, a stay of a few days 
at Buda-Pest, and a further passage down tliii 
great river as far as Orsova. 
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A Fortnight in Hungary. This in a 
^lightlul cx{)erience, as it aifords time for 
vowing some of the most picturesque features 
of this remarkable country. 


First Dav. The stoainor leaves Vienna at 7 n.in. 
£or tho twelve hours’ sail down the glorious Dainihe 
to BudA'Fest, which is reached at 7 ]).in. Tins 
is one of tlie most cliarmin^ river trips in the world. 
Indeed, it is hardly excelled by an experiein‘e of 
the kind anywhere. Historic spots abound on tho 
banks. 

Second Day. 1’est is ono of t he most cluo’mingly 
situated cities of Kurope. It is on the luu’th hunk of 
the Danube, Buda being on the south. Pest is one 

tho great historic cities of tho cojitinenf , as it was 
founded hy the Rmnuns and was the scone of tre.men • 
dous struggU's with the 'J’nrks. It is to*day the seat 
of the wonderfully prosp<‘roiis grain-trade of Central 
Europe. Splendid modern buildings adorn the grand 
quays of the Danube and many of tin* modern streets. 
Tlio line Acndemy, including tlie National Pictiuo 
(hillery. Among the many inaslerpieees of various 
schools are six splendid pictures by Murillo. The 
beautiful promenade along the |)anid)e. known as 
tho Franz JosephM Quai^ iljo old Oothie Stndt Ffnrr 
Kirch^t the famous colossal corn clcrntot., the fine 
Ouatom House, sliould bo seen tho first day. Early 
in the morning, every day in the week, the interest- 
ing 0 ))eu-uir fiuit anti vegetable market is in full 
swing <ui ont' portion of the tpiny. 'Klie peasants 
iiiui farmers atteiitl in great numbers, in their quaint 
national costumes. 

Third Day. On the second day in J’est visit (lie 
yathnal Museum, full tif superb local antitjuities. 
The picture gallery contains GOO paintings, mostly by 
tnodern Hungarian artists, including Miinkaes>% 
The Parliament House, the Cemetery, (Mintaining 
monuments of Batthyany, Deak, and oilier patriots, 
and the splendid bridges o\ot tlie Danube — magnifi- 
cent works of engineering— will make a full day’s 
sigliiseimig. 

Fourth Day. Excursion in morning to th<» 
lovely Margareten Jnsel. q’lus little island in the 
fnidst of thd^Dnuube is a groat euro ” ri'sort as 
well AS a popular garden. It contains famous 
thermal establishments, and also wonderful natural 
hot sulphur baths, and at the luxurious Jiad llaus are 
also electric and other medical baths, Tlie afternoon 
may bo devoted to a delightful excursion by carriage 
to tho park in tho environs of PE.ST known as tho 
Stadtwdldehen. Hero are noted concert hulls uml 
restaurants on tiio pretty islands in the lake. 


Fifth Day. Tho tourist would now direct liis 
attf'ution to Buda, tho tw'in capital on the opposite 
bank of the Danube, called Ofon by the Magyars ; a 
magnitictMit old lowm. Visit Maria Tlc'ccsa’s beautiful 
palace ; lovely view from the gnr<lciis. In this 
palace are kept fhe splendid iibjects belonging to the 
Hungarian regalia, including the famous crown of 
St. Stephen. Tho iiitcnvsting PaUiee Jiazaar mi the 
quay, with tine view of the Danube. The celebrated 
Matthias Kirche, tho Cathedral of Buda. which was 
used us a niosipie by the Shirks. The jn'esent 
Kaiser-King Franz Joseph and his consort, Elizabeth, 
were hero crowned in 18G7. The famous sulphur 
baths of the. Danube at Buda arc mucli frcqueiiteil. 
The Kaiserbad, with its eleven very liot springs, is the 
most popular. 

Sixth Day, A second day is necc-ssary to see 
BVDA. Tho magnificent Uheksberg, an immense 
crag by the Danube, crowned by the imposing 
citadel, with enchanting views from tho top. Tho 
fatuous and curious Turkish Mosque, with beautiful 
garden ; a very popular pleasure resort. Tho fine 
atiburb of Schwnbenberg, wiioro are many handsome 


villas. Tho prospect is exceedingly beautiful. . 
Cog-railway reaehe.s the summit in twenty minutes. . 

Seventh Day. By train from Pest to Stuhl 
WE is,sENBirRCJ. Here tho ancient kings of Hungary 
were crow'iied. One of tiie most interesting cities 
in the country. It is embosomed in beautiful 
vineyards, amongst which delightful drives may Ijo 
indulg»»d in. The old Episcopal Palate and the 
Cathedral are the most i^onapicuous buildings. 
The tow'ii has large calico-printing wmrks, and does 
a great trade in fruit and wdne. Hero native life 
may be seen in its typical cliuracteristics. 

Eujhth Day. Excursion to Lake Balaton, called 
by tlie (rennans tho Pluttensce, Hungary’s largest 
lake. It alxjunds ill fine fish, and is surrounded by 
volcanic hills and be.iutifiil vineyaixls. Steamer twice 
a day to Fumed, where are famous carbonic acid 
baths. A crowded summer resort. Back to’ Pest. 

Ninth I).\y. Start down tho Danube for Orsova, 

A grand voyage of :B5 hours through captivating 
scenery. tIic view' for some hours below' Buda- 
pest is somewhat monotonous, as the river traverses 
the vast Hungarian wheat -growing plains. But all 
is changed after passing tlic influx of the Dravc; 
The tourist sleeps a night on board the splendid 
steamer. 

Tenth Day. Down I lie Danube. On tlio right 
l>ank are picturcsfjue vino-chid hills, with many 
ruined castles. During the day, towaids evening, 
Bkl(}Rai>e is reached, anti tlioso who wish to visit 
Servia di.sembark at this point, tlie capital of that 
country. The steanier reaches the famous Defile 
of Kasan, the grandest scene on the mighty river. 
Before reaching Orsova tho celebrated inscription of 
'I'mjan is setm on the jierpcndicular cliffs. 

Eleventh Day. Orsov.a is tho last town in 
Hungary, touching the Roumanian frontier. It is the 
gateway to the valley t>f tlu^ t’zerna, ono of the love- 
Ii(‘st di.stricts in all Europe, in tlie foothills of the 
Lower (’arpathians. 

Twelfth Day. From Orsova, visit tho Jiathe 
of Hercules, This Carpathian paradise is alone 
worth all tho trouble and expense of the journey.. 
It w'as tlio favourite Kummer rcstiug-plnco of tho 
unfortunate Empress, Queen Elizabeth. In the old 
Roman days it was a celebrated hcaitli resort. The 
sulphur hatliH are amongst tlio most jiow’crful 
chalybeate springs known. The excursion from 
Orsova is thvougli emhanting scenery on the 
Houinaniun border, 

TiifKTEENTii Dav. Railway to Buda-Pest. The 
long journey^ is through a vurieil and interesting 
country. 

Fourteenth Day. From Buda-Pest to Vienna 
by rail. 

Longer Tours. Those who wish to spend 
three weeks in the country can, by way of exten- 
sion, enjoy an expedition into tho Tatra, the 
lofty range of the West C/arpathians. A numth 
ill irungary affords an opportunity of excursions ' 
in the Hno district between Agram and Fiume. 

The faro from Dondon to Buda-Pest is : 
First claws, e ingle. £1) 14s. 8d.; return, £16 3s. lOd. 
Second class, single, £6 12 b. 5d. ; return, 
£11 Is. 4d. ^ - 

Books. The literature of Hungarian travel 
is usually combined with descriptions of the 
whole Austro-Hungarian Empire. Specially 
interesting are Dowie’s “ Girl in the Carpa> 
thiaiis/’ Gerard's “ Land Beyond the Forest,” 
Pennell's “ To Gipsy-Land,” an anonymous 
work in two volumes, entitled “ Magyarjatid,” 
and Cross’s ” Round about the Carpathians.” , 
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Principles Concerning Areas of 
Plane Figures. In ordo:- to understand more 
thoroughly the following principles, it would 
be mdl for beginners to go tlnoiigh Kuelid's 
demonstrations of them. It sho\dd also bo 
remembered that the boundary line, or //rr?- 
meteTy of any closed tigure enelosAs an amount 
of surface called its ana. 

1. Parallelogram ft upon the sames base, or 
upon equal bases, and between the sanu^ 
parallels, are ecpial [Kue. F. .‘Jo and .‘Jb). Tims 
ABVD ABDE [320 1, or A BCD ABFK 
[321], or ABCD - EFHG [322]. 

2. Triangles upon the same base, or upon 
equal bases, and between tlu' same, parallels, are 
equal [Eue. I. 37 and 3S). Thus, .\BC J)B(' 
[328], or ABC -- J)FF [324]. 

3. If a parallelogram and a triangle Ih^ U]K)n 
the same base, and betwi^ui the same parallelu, 
the parallelogram shall be double of tlu^ triangle 
[Eue. T. 41|. Thus, .\B(^D twice .I/^r [325], 
or A BCD - iwivo KB(' |3261. 

4. The s juare on the liypotenuse of a right- 
angled triangle is equal to the sum of the 
squares on the other two sides [Kue. 1. 47]. 
This fact was discovered by Pythagoras, .5S0 b.c. 
, Thus, the square Aiii'D s(juare ECFB I- 
srpiarc AEIIJ [327]. 

Note. This is true, of (dher ligures con- 
structed upon the sides of a right-angled 
triangle, as long as tJiey .aie similar. Tlius, the 
hexagon ABKLMaX hexagon BKOPQIi 1- 
hexagon AESTUV [327]. 

5. Parallelograms and triangles upon thOiame 
base liave their areas in the same ratio as their 
altitude. Thus, ABEF twice ABCD [328], 
or ABD " four times A B(' [329j. 

6. Parallelograms and triangles of the same 
altitiule are to one another as their bases [Eue. 
VI. !].• T’ 18 , ABCD J BE FC [330], or ABC 
— three times ABE [331]. 

7. The area of a reetanglc is e(iual to that of 
a triangle upon the sarnie base, but having twice 
the altitude. Thus, ABCD ABE [332]. 

8. The areas of (urelcs are pr()[)orti(»nal to 
the squares on their diameters. I'hus, tin? 
oirclo ABC — four times JJEF [333]. 

Construction of Areas Equal to or 
Proportional to Others. 

334. To Dranv ax Tso.si ki.ks I'kianoi.e 
WHOSE Area shatx he Half that of the (iivEN 
REcrrANOLE ABCD. Bisect AB hy the per- 
pendicular FE, cutting ('D in E. Join AE and 
i?i?, and AEB is the reciuired triangle. 

336. To CoNSTRrCT a KEfTAXOLE .Eqi'al IX 
Area to the Given TRiANio.E ABC. At A 
and B erect AE and BF jierpendiculars to AB. 
From 0 draw CD perjiendicular to AB (or AB 
produced), and cutting it in D. Bisect CD in G, 


and draw' ECF parallel to AB and cutting AE 
in E and BF in F. Then ABFE is Ihe rectangle 
n‘q Hired. 

Note. Tin* rectangle ^1//./ A' shows that the 
area of a triangle may also be. expressed ns the 
altitud(‘ multiplied by half tlu^ base. 

336. J 'o (’oXSTUrC’T A KK(TANt;LE EgUAL IN 
.Area to tiik (^ivkn Bkctanoi.k AIM'D, and 
One Sid K to be Eol ai. to ( Ui . Then the other 
side of tlie recpiired reid angle must be a fourth 
proportional to A B. (HI. and A D. Set oJT along 
AB from A, tlu^ given side AE equal to (tU. 
tloin E and D. and through B draw BF pai’callel 
to ED. cutting AD produced in F. Through F 
draw FC parallel to AB. and through E draw 
EC jiarallel to A F. IJum J ECF is tlie nM|uired 
rectangle. 

337. To (ViNSTurcT a Trianiji.e of a (bvEN 
Hkioiit DE . and Equal jn Area to the (»iven 
Trianolk AB('. 'I'hrougli .4 draw FC por- 
pendicidar to Bt ' and (‘(pial to the given height 
DE. Join FP> and F('. and through A draw' 
AJ and A// parall(‘l to FB .and F(' r(‘spectively, 
cutting BC in J and II. Join FJ and FIJ. 
then FJll is the triangh* nupjired. 

338. To Construct an I.sosckles Triani^lf. 
Equal in Abka to the (Jiven Thianolk Ati(\ 
AND WITH One of its .Anolks Equal to One of 
Those in the Tkiancjle ABC. Kind the mean 
proportional BF to BA and B('. With emitre B 
and radius BF deserila^ an are (rutting BA 
produced in C and BC in //. Join C and //, 
then CBfl is the required triangle. 

339. On a Base Equai. to DE to Describe 

A Trianole Equal in Area to the Given 
J RiAMiLK On B('. or BC prod uccmI, set off 

/>/' (Mjual to DE. Draw' J and from C draw' 
('C parallel to .4/’. .loin C and F. Then 
(rBF is Uie triangle recpiired. 

340. To Tonstruut an Equilaterai, Tri- 
AN(5LE Equal in Area to any Given Tkianole 
ABK. Through K draw' K(' parallel to the 
base .i B. Bist^et AB by the pcrrpendicular E(' 
cutting A’G in (\ Join ('.I and CB. thus obtain- 
ing an isosceles triangh*, CAB. ecjual in area to 
ABK. Upon AB describe the equilateral 
triangle A BJ). Now' find the mt'an proportional 
EF to the altitudes ED and EC of tlitr tw'o 
triangles .ABD and AB('. With E as centre, 
and radius KF. describe an are cutting E(' in C. 
Through C draw' CH and CJ iiarallel to DA and 
DB rerqieetively, and cutting AB produced in 
// and ./. Then CCJ is the required triangle. 

341. To Construct a Rkctancle wriu Sides 
in the Ratio of .‘J to 4, and an Area Equal to 
the Square on AB. Draw any straight line 
CD, divided in the ratio 3 to 4 at E. Find a mean 
proportional EF to CE and ED. Produce EF to 
G, making EG equal to A B. Draw' CJ and ClI 
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mrallel to FC and FD rt*s]x*ctivitly, cutting CD 
jN^i^uced in J and H. (.’onstruct the required 
rectangle with sides equal to EJ and EH. as 
shouTi. ■ 

842. To Construct a Square Eqi:al in Area 
'ro A Given Trianoi.e ABC. On the base HC 
make a rectangle BCDE equal to the triangle 
ABC. Find a mean proportional CG to /?6' and 
CD. Then CO is one side of the inquired square. 

843. To Construct a Rectanole Equal in 
Area to a Given Cir(t.e . I /ifC ( approximate). 
Draw any radius DB for a sliort sidt* of the 
rectangle. Divide DBAnXo 7 equal parts. Draw 
BE perpendicular to DB. and equal to li\ times 
DB. (.Vimplete th(3 rectangle DBEF as shown. 

344. lo Construct a Parallelocram Equal 
IN Area to a Given Trapezoid A BCD. Join 
.two opposit(3 corners, /> and B. and through r’ 
draw CE parallel to DB. cutting AB produced in 
E. Bisect AE in F. From F draw FG parallel 
to AD, cutting DC produced in O. 'rium AFOD 
is the required parallelogram. 

345. To Construct a Pakallelooram Equai. 
IN Area and Peri meter to the Given Trianole 
ABC. Produce tuthor sichs say BC. to D. making 
CD equal to CA. Bisect AB in E. and BD in F. 
Through C draw CH parallel to BA. With fi a;. 
<*-cntre, and radius BF, describe an are cutting ( 7/ 
in 0. Join BG, and through E draw EH parallel 
to BG. Then EBGIl ir. the reejuirod parallelogram. 

346. To Draw a TRi.xNtii.E of a Given Shape 
ABC AND Area Equal to, say, 3 sq. in. From 

draw a perpendicular AD to B( \ and bisect it 
in^E. Make the rectangle B( 'FG e(|ual in area to 
the triangle ABC. With B as e(‘iitre, and radius 

BG, describe the are GH. cutting CB produced 
in H. Find BJ the mean projiortional to CB and 

BH. Along BJ, or BJ produced, set od BK equal 
to (the mean proportion oi 3 and 1). Join 
JA, and from K draw A'L parallel to JA, and 
cutting AB in L. Hirougli L draw LM parallel 
to *46’. Then LBM is tlie required triangle. 

347. To Construct an Isosceles Trianole 
Equal in Area to a Given 'Trapezium *4RCD, 
with One Side .4 /I Common to Both Fici res. 
Join AC, and from D draw DE )mrallel to *16’, 
and cutting BC produced in E. .loin *1 E. Then 
the triangle A BE is equal lo the t rajieziu m . Bisect 
AB by the perpendicular FG. and through E draw 
EG parallel to *4^, and cutting FG in G. Draw 
GA and OB. Then AB(r is the rcf(uired 
triangle. 

348. To Construct ANY Fui keSimilvr to a 
CRven Oyvi ABCDE. and H avino its Area in 
ANY Proportion to it, say, 3: 1. lx*t AB Ijo 
the one equal part, and make* *4 F e(|ual to 3 time-j 
AB. Find a moan proportional .46’ to AB and 
AF. Then AG ir, the base of the required tigure 
to bo completed as shown. 

349. To Descrire a Circle Equal jn *‘\rea to 
THE DiFFERBNCK OF TwO OTHERS. Let *4 if be 
the diameter ot one given circle, and upon AB 
describe the circle. With *4 as centre, and *4C 
(the diameter of the other given circle) as radius, 
cut the first circle in C. Join *46’ and u{K)n it 
describe the second given circle. Join CB and 
upo^sCKde8eril)e tlio requii’ed circle. 


360. To Construct a FujurE SimtAR to a 
Given One ABC, but Half its Area. On BC 
describe a semicircle, and bisect it by DE. Draw 
BE and make BF equal to it. Through F draw 
FG parallel to CA. GBF is the required tigure. 

351. To Describe a (’ircle Equal in Area to 
the Sum of Two Others. Draw *4 C and CB (the 
diameters of the given circles) perpendicular to 
each other, and describe the given circles upon 
*46' and CB. Join AB, which is the diameter of 
the required circle. 

352. To Make a Square whose Area shall 

R K Equal to sq. in. Draw a line *4 C, 1 in. long, 
and perpendicular to it CB, 2 in. long. Join AB, 
which is equal to Opon AB describe the 

required square A BDE. 

363. To Make a Squ are Equal in Area to a 
Given Rectanole A BCD. Find a mean pro- 
f)ortional CF to BC and CD. Tpon (F describe 
the required square CFCH. 

364. To (’onhtruct a Square whose Area 
.SHALL BE a FRACTIONAL PaRT (SAY H) OF THAT OF 

A Given Square A BCD. Cpon any straight 
line EF set off EG and OF. two and three con- 
venient equal division!,. Upon kF describe a 
.semicircle, and find GH the mean proportional 
to EG and GF. Join HE and fIF. From F 
along FH, set oif FJ ecpial to the length of the 
side of the given square. Tiu ough J draw JK 
parallel to HE. Upon JK describe the required 
s [uarc, as shown. 

365. To Construct a Rectangle Equal 
IN Area to a (iivEN Square A BCD, and One 
Side of the Rectangle to be a Certain 
Length, as EA. Place the given side, EA, of 
the rectangle perpendicular to a side of the 
square, as EA and AD. Join DE and bisect 
it by the perpendicular through F. cutting EA 
in G. With G ar, centre, and GE or GD as radius, 
describe a somicirclc, cutting EA produced in 
II. Then AH is the other side of the required 
icctahglc, as shown, 

356. To Reduce any 1kre(;ular Figure, 
AS ABODE, lo a Triangle of Equal *\r£a. 
Join *46*, and through B draw BF parallel to *46' 
and meeting DC produced in F. Join AF, and 
the triangle AFC equals the triangle ABC in 
ar(*a. Join A T), and through E draw EG parallel 
to *4D, cutting CD in G. Join *46', and the 
triangle A EG cqua!.'; (in area) the triangle EGD. 
Then AFG is the recpiired triangle. 

357. To Construct a Triangle Equal in 
Area to a Regular PoLViiox, as ABCDEF. 
Divide the polygon into equal triangles by lines 
drawn through the centre G, then GCl) is J of 
the polygon. Make HJ twice the height of HO, 
and KL three times CD. Join JK and JJt. 
Then JKL in one triangle equal in area to the 
polygon. Other triangles may be drawn equal 
in area. 

368. In a Given Circle to Inscribe a Rect* 
ANGLE OF A GiVBN Area. Di’aw any diameter 
BD, and from the centre E draw EF perpendieu- . 
lar to BD, making EF such a length that 
EF X ED is one half the given area. Tnrongh 
F draw AO parallel to BD and oUttiOg we 
circle in A and G. Join either of these points, 
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say A, to B and D, Through E draw AC, 
cutting the circle in C. Join BC and CD. 
HiiPhen ABCD is the rectangle required. 

859. To Construct a Triangle Equal in 
Area to the Sum of Two Given Triangles 
ABC and CED. Place them so that a side 
(yB of one is in the same line as a side CE of 
the other, and a corner C adjacent with a corner 
C of the other. Join 7i/>, and through E draw 
EF parallel to Bf) and cutting CT) in F. Through 
F draw FG paralh*! to CB and cutting A B pro- 
duced in G. Join and AOC is the triangle. 

Proportional Division of Areas, 

360. To Bisect any Irregular Quadri- 
lateral Figure ABCD by a Straight Line 
Drawn Through One of its Corn ers C. Draw 
the diagonals A(J and BD. Bisect BD (the 
diagonal opposite the given point C) in K. 
Through E draw EF parallel to AC\ cutting 

in P. Join PC, which bisects the figure. 

361. To Bisect a Given Triangle ABC 
BY A Line Parallel to One of its Sides. On 
cither side, say AG, construct a. semicircle, 
and at the centre D erect a perpenaicular DE 
to AC. With A as centre and AE as radius 
describe an arc cutting AC in F. Tlirough F 
draw FG parallel to BC. FG bisects the tri- 
angle ABC. The other construction sIioav^ 
how to divide the triangle into four equal parts. 

362. To Bisect a Given Triangle ABC 

BY A LiNBPEKrENDICULAK TO OnE OF ITSSlDES, 
SAY AB. Bisect AB in D, and from C draw a 
perpendicular CE to A B, cutting it in E. Find 
BF the mean proportional to BD and DE. 
Set off FiG equal to liF. From G draw a 
perpendicular GH io AB. G/1 the tri- 

angle. 

868. To BiSEcrr a Triangle ABC by a Line 
Drawn Through a Given Point D in One of 
its Sides. Bisect BC in E, and join AD. 
Through E draw EF parallel to AD, cutting 
AC in F. Join DF, which bisects the triiinglc. 

364. To Divide a Given Trian<!I.e ABC 
into Two Kqi Parts by Lines Draws 
Through any Given Point D within it. 
From tlie corner of the triangle nearest the 
{Aoint D draw a line AE bisecting the opposite 
side BC in E. Join DE, and through A draw 
AF parallel to DE, and cutting BC in F. Then 
the lines DA and DF bisect the triangle. 

366. To Divide a Circle into any Number 
(say Three) of Parts Fqual in Area and 
Perimeter. Draw a diamettu’ AB. and divide 
it into the same number of equal parts as the 
. eirole is to be (three in this (?ase). Describe 
semicircles on opposite sides as shown. 

366. To Divide a vSemictrcle into any 
Number (say Three) of Equal Parts bv 
Concentric Semicircle's. Bisect the radius 
DC mE. With E as centre, and EC or ED as 
radius, describe a smaller semicircle. Divide 
DC into the same number of equal parts (in this 
ease three) into which the given semicircle is to 


be divided, and erect the perpendiculars to DC 
from F and O, cutting the smaller seihicircle 
in H and J. With D as centre, and DH and DJ 
as radii, describe the concentric semicircles 
which tiisect the large given semicircle. 

337. To Divide a Given Triangle ABC 
INTO any Number op Equal Parts (say 
Three). First, by Lines Drawn Through 
One of its Corners .1. J)ivide .BC. (opposite 
A ) into three equal parts in D and E. Join AD 
und AE, which trisect the given triangle. 

368. The Same. But, Secondly, by Lines 
Drawn Through a Fixed Point D in One of 
THE Sides. Divide AB (the side containing the 
given Doint D) into three equal parts in E a,ndF, 
Join 1) to the opposite corner C, and draw EG 
and FH parallel to DC, catting AC in 0 and 
BC in //. Join DH and DG, which trisect the 
given triangle. 

369. The Same. But, Thirdly, by Lines 
Passi.vg Through a Fixed Point D within 
the (JivBN TRiAN(iLF. ABC. Dividc one of the 
sicle.s, say BC, into three equal parts in E and 

F. Join AE and AF. Also join D to A and E, 
and through /( draw AH parallel to DE, cutting 
B(' in II. tJoin DH, then A BHD is one of the 
required three equal parts. Next, join D to F, 
and through A draw AG parallel to DF, cutting 
B(J produced in G. Join DC, and through G 
draw GJ parallel to f 7>, cutting AC in J. Join 
DJ. then ADJ and DHCJ are the other two 
required equal parts. 

370. To Divide a Parallelogram ABCD 
into any N umber op Equal Parts (say Three) 
BY Links Passing Through a Given Point E 
IS One of the Sides. Divide BC into the 
n*qiiired number (three) of ecjual parts in F and 

G. Draw FH and GJ parallel to AB or CD, 
and cutting AD in H and J . Bisect FH in K, 
and GJ in L. Through K and L draw EM and 
ES. cutting .-1 1) in M and N respect ivcly. Then 
EM and EN trisect the given parallelogram. 

371. To Divide a Given Parallelogram 

ABCD into any Number (say Five) of Equal 
Parts by J.,ines Drawn Through One of 
ns Corners .1. Divide each of two adjacent 
sides DC and CB into the same number (in thU 
case five) of equal parts, into which the parallolo^ 
gram is to be divided. Draw' lines from ^4 to 2 
and 4 in DC, and to 2 and 4 in B(\ and these 
lines divide the parallelogram into five equal 
j)arls. The same method may be used for 
dividing a square or oblong into equal or 
proportionalparts. ! 

372. To Biseijt a Given Trapezium ABCD 
BY A Line Drawn from One of its Corners 
B. Draw the diagonals AC and BD, Bisect 
AC in E, and draw EF parallel to BD, cutting 
CD in F. Join BF, which is the line of 
bisection. 

Note. Problems 873 — 876 are explained in 
ru'Xt lesson 


Continued 
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By Professor HENRY ADAMS 


Load, Stress, and Strain, The previous 
articles have ''dealt with the origin and 
general characteristics of thtj more commonly 
used materiills, and the special propert}^ of 
resistance to stress and som(‘. other physical 
(pialities Mill now he considered. Any load, 
however if 'may l)(‘ applied to a body, indiu es 
a resistance which is called stresa, and the alteva- 
tion in form which is produced is (tailed drain. 
There is, therefore, no load without stress, and 
no stress M-ithout strain. This will perhaps be 
more fully ap]>rehended if the statement be 
ampldied as follows : “ By a load on any piece 
or member of a structure is meant the aggregate 
of all the external forces acting upon it, includ- 
ing the weight of the piece itself and of other 
pieces supported by it. By a strain is meant 
the change of foi'in produced in a piece by the 
aiction of a load ; and by a stress is meant the 
resistance set up in the material by its molecular 
forccB opposing the action of a load in producing 
a strain. Thus a load of so many founds upon a 
piece having so many sffmre inches area produces 
a stress of so many pounds per square inch, the 
result being a strain, or change of form, of a certain 
amount, whether temporary or jH^rmanent, and, 
when lai’ge enough, appearing as stretching, 
shortening, bending, crumpling or twisting." 
The strenjgth of a piece is measured by its powder 
of resisting stress. Th<‘ three chief kinds of 
stress are — stretching, pulling or tearing ; 

compression — crushing, pushing or squciezing ; 
shexirinq — cutting, nipping or sliding (called 
also delrusion when acting along the grain of 
w'ood). There arc three other variet ies, transverse 
stress — cross strain, bending, defh‘ction, wdiich 
is made up of tension and compression on 
opposite sides ; torsion — twisting or wrenching, 
w'l>ieh is a variety of shearing ; hnckling — crump- 
ling, corrugating, tM'i.sting, which merges into 
crushing when the length is short enough. 

Tables of strength are available for a great 
variety of materials, the pieces being generally 
selected with the utmost care and every ])re- 
caution taken to produce a high result. Applied 
to everyday practice these results give a false 
idea of the margin of safety between the working 
stress and the ultimate stress. When a factor 
of safety of, say, four is nominally allowed, the 
actual margin is seldom greater than two, and 
oft-cn less. Besides what may be called stress 
tests, there are ocular and otlier tests of quality, 
depending upi)n the nature of the material and 
the use to which it is proposed to be put. 

Tension* The word tension is used to 
express the state or condition of a body when 
any forces acting u^n it tend to pull any two 
portioits asunder ; it is ^en said to be in tension, 


or under tension. When either* the stress or 
strain are referred to, the terms tensile stress and 
tensile strain, or extension, are used. The tensile 
.strength of a piece is its ability to resist being' 
pulled in two, and is measured by the pull in 
units of weight per unit of area necessaiy to 
cause rupture. When the material will break 
with moderate loads the units are generally 
pounds and square inches, but when heavy loads 
are required the units may be tons and square 
inches. In testing the majority of materials 
it is necessary to prepare the sample piece in 
a .special form, varied with the kind of material, 
so that the fracture may take place within a 
certain limited distance near the centre, and so 
that the' pull shall be in line with the axis of the 
piece. If the i)ull were not truly axial — t.c., in 
the line pixssing through the centre of gravity 
of every transver.se section — th(j stress caused 
would not be uniformly distributed, but would 
be greater on the side to which the line of pull 
wrt.s nearer, and les.s on the opposite side. The 
idtimate stress would tliu.M b(* reached first 
on a small portion which would f)ermit of 
rupture with a smaller total load, and this 
being divided over the sectional area would 
give a lower mean stress, and make the material 
apjxnxr to have less strength than it actually 
posses.ses. The ends of the pieces have also 
to be prepared in special sliapes to suit the 
method of holding them while the force w 
ap])hed, so as to avoid any interference with 
the reliability of the test. Although every 
means may be adopted to secure uniform 
re.ailts, it is very rare for any two samples of 
the same material, even when taken from the 
same piece and tested in the same machine 
by the same man, to give precisely the same 
figures, and therefore several samples should 
Ije tested before any average can be arrived at. 
It i.s also necessary to note the maximum 
and min m im results, the latter for use in calcu- 
lations regarding the strength of structures, and 
the foi'iner in designing machines to overcome 
the strength, such, for instance, as punching and 
shearing machines. 

Compression, This term expresM 
generally the opposite of tension, and hence 
we have compressive dress and C(mj>re.sstve 
strain. The compressive strength, or resistance 
to crushing, is measured in the same units^ 
before — viz., pounds per square inch or tons pet 
square inch as the case may he. In coin- 
pressive tests the pieces, whatever the material 
may be, are generally formed into simple cubes/ 
or rectan^lar blocks, the size depending iipOU 
the material and the capacity of the machines. 
Fibrous, granular, and crystalline materials may 
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crack before finally giving way, and other the supports—/.#’., to cut through a crofis section 

materials may bulge and flatten out with no at any point by the part next tlie load sliding 

particular point at which ultimr.te failure may downwardsagainst the part next the support [68]. 

be said to take place; AVhen the Icngtli of a There is also a tendency to shear horizontally 

piece, between the points at which the force and at any point in tin? depth. The latter may bo 

resistance are applied, exceeds a. c(*rtain limit illustrated by a mimlH'r of planks laid one upon 

according to the nature of the material, the the other, the ends being supported [69], wWi 

result is not pure compression. There is, in an actual sliding will be seen to occur, even wdth 

addition, a tendency to lx*nd, causing an inemise their own weight [70], Shearing stress also 

in the compressive stress on one side and a occurs wdien parts in tension are joined by rivets 

reduction on the other. The ultimate .strength or holts, tho rivets or bolts tending to be cut 

in these oases is practically limited bv the load across, called single shear wdien failure may 

at which incipient hen ling takes place, a.s a occur by cutting through the section in one plane 

very small addition to the load will produce only,. and double shear when the cutting must 

total failure. This load dept iris a pjuoximately occur in two planes at the same time, This 
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upon the ai’ea of cross section ompared with matter will be «*xplaim‘<l in greater detail under 

the length, or upon tlu^ area aiul the ratio the head of Stability Stri ctures. 

betw’een the length and least diameter or w idth, Detrusion. A s})e(rial ease of shear stress 
but more accurately upon the* area and the ratio occurs in timhei* when from the shape and posi- 

of the length to the least ladius of gyration of tion of the paits there is a tendency to piisn off 

the section. In other words, the disposition a portion in the direction of the grain, as in the 

of the area of cross section as well as its magni- beam of a roof f 71J where the foot of the principal 

tude must be taken into account, together rafter is stepped into it, and presses against it in 

'^th tho length. The mode of finding tho such a manner as to cause a liability to push off 

tiulius of gyration, moment of inertia, and the upper part along the dotted line. Failure is 

» fiiddulus of section — all closely allied — will be j)revented by leaving s!iftici(*nt length between 

Explained further on. tho point of the princijuvl rafter and the end of 

ShearlDg* When a loaded beam is sup- the tie-beam, the necessary amount varying 

potted at the ends, there is a: tendency to shear wdth the kind of w ood. Those woods that are 

at every vertical aectfou between the load and very ^raight-^’ained and split easily require 
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moro than thos(‘ with an irregular or interlaced 
^raih, particularly if the medullary jays in the 
IMter are strongly marked. 

Transverse Stress. A projc^eting beam 
fixed at one end and loaded at the other, or 
supported at both ends and loaded in th(» 
middle, or load(‘d and supported in any way that 
causes it to bend, is said to be under transverse 
stress, the fibres on the outside of the curve being 
in tension, and those on the inside of the curve 
in compression, while tlie intensity of each stress 
reduces towjirds the centre of tlu^ depth, or the 
centre of gravity of the section, at which point 
they both vanish. 'J'he layer where this occurs 
is called the neutml lajfer, and the same line in a 
cross section is called the neutral axis of the 
l)eam. There are also vertical and horizontal 
shearing stresses set up in the beam at the sanu^ 
time. The unit of transverse stress is called the 
■modulus of rufdure, and sometimes — rather 
indtjfinitely —the strength modulus. It is com- 
monly supposed to be tin* same as the maximum 
fibre stress, but from various causes it is usually 
greater than this. It is eighteen times the load 
that, ])laced in the centre of a beam I in. square, 
and 1 ft. between the supports, will just suffitic 
to break it. 

Torsion. If a shaft or axle ])e sujjported, 
and ono end fixed while an attempt be made to 
rotate it by a Iev(‘r fixed on the other end, a 
torsional stress will be induced, and a twist., or 
torsional strain, will be caused. Line shafting 
in a machine-shop is always sul)ject to torsion 
from the force applied to the driving pulley and 
the varying resistances due to the work done 
from the other pulleys. Torsion may be de- 
scribed as a circular shear, ^ It does not oecair to 
any marked (^xl(‘nt in structural work, and th(*n 
only as the ivsult of bearing surfaces not lM»ing 
properly levelled. 

Buckling. A deep web plate, or the top 
llange of a girder, or tlu^ flange of a stanchion 
under compn'ssion, tends to lH*nd, or to yield, 
by taking a wavy form. This is frequently a 
very important matter, and apt to be overlooked. 
It oe<Mirs at a much lower stress than that duo to 
the (‘rushing of a short block of the same material, 
and requires special calculations, which will be 
dealt with later on. 

Permanent Set. When a piece is put 
under stress, it changes shape — elongating, 
shortening, bulging, etc., which alteration may 
or may not disappear upon tlu* removal of the 
exciting cause. Any change from the original 
dimensions that remains after tlie removal of 
the stress is (talk'd permanent set. There is no 
very precise limit, compared with the ultimate 
strength of the material, at which permanent set 
commences, hut, approximately, it begins to be 
appreciable Mhen the piece is loaded to half its 
ultimate capacity. 

Elastic Limit. The ehistic limit, or limit 
of elasticity, is the point up to which the change 
of length in a piece under test is sensibly pro* 
portional to the forw ap])licd, and from which 
the piece will return to its original dimensions 
when the force is removed. In other words, 
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the clastic limit is the maximum stress per square 
inch sectional area which any material can 
undergo without receiving a visible permanent 
set. .As the elastic limit is the highest stress that 
can be put upon any piece without causing actual 
damage to it, the factor of safety should be a ratio 
determined by the clastic limit rather than l>y 
the ultimate strength. Generally speaking, the 
working stress should not exceed half and the 
proof stress two-thirds of the elastic limit. 

Modulus of Elasticity. The modulus of 
direct elasticity, or stress-strain modulus, known 
also by many other names, particularly that of 
Young's moilulus, is the ratio obtained by experi- 
ment of the .stress p(‘r unit of section to the strain 
per unit of length up to the limit of elasticity. 
It is fairly constant for each Jiiaterial w’ithin this 
limit, but beyond it the strain increases moro 
rapidly than the stress. It Avas at first described 
as the height in feet to which a body would have 
to be piled in order that any small addition to its 
top. of its own substance, miglit compress the 
rest to an extent equal to the bulk of that added 
quantity. This is strictly Young’s modulus, and 
is expressed in feet, hut out of compliment to hir. 
memory liis name is still associated with the 
present stress-strain modulus. An intermediate 
stage, which, however, is numerically equivalent, 
to the present stress-strain modulus, Avas reached 
by Hooke, Avho destined tb(^ modulus of elasticity 
as the load AA'hich AAOuld increase a bar to twice 
its original length, assuming the elasticity to 
remain perfect so long. 

The modulus of elasticity affects chiefly the 
extension of material under direct tensile stress, 
and shortening under direct compressive stress, 
ft also alTwts the resistance to bending or deflec- 
tion, Avhioh is made up of extension on one side 
and compression on the other. This modulus is 
us(td in calculations of the strength of struts 
Avhere the maximum .Avorking or proof stress 
juust ho below the limit where a tendency to Ix'nd 
eommenees. 

Fatigue of Materials. When re- 
peatedly strained beyond their elastic limit, 
although AV('ll Avithin their ultimate strength, 
certain materials, as Avrought iron and mild 
steel, take an increasing permanent .set, and 
ultimately break Avith a smaller load than a 
similar piece left in its original state, but if 
annealed before rupture takes place the elasticity 
will be rtmewod. This loss of strength, being 
recoverable, is termed fatigue. The number of 
repetitions in imposing the load Avithout anneal- 
ing that may take place before fracture depends 
upon the extent to whieli the elastic limit is 
surpassed. A similar fatigue is induced when 
alternations of stress take place, say, from 
tension to compression and vice versa, although 
the (‘lastie limit is not overpassed in either 
direction. The safe working stress has about 
the same extent of range in tons, whether tho 
stress be varying in • tension only, in com- 
pression onfy, or in tension and compression 
alternately, so that in the latter case Avith equal 
stresses in either direction each extreme would 
be only about half the maximum possible in 
either of the former cases. 



StriDAgth of Timber. The table on next 
page gives in a compact form a general view 
of the chief elements of the strength of timber 
and some other useful particulars. 

The various figures given by published tables 
are included in the range of values shown, except 
\vhere extreme ditferences from the general 
average showed a probability of error. The 
normal variations are chief ly caused by differences 
in the quality and the seasoning. The pieces 
are very carefully selected so as to be straiglit- 
rained and fn^j froiu knots or other visible 
efects, and, unless otherwise stated, they are 
alw’ays tested in their seasoned state. 

In testing the differences of strength Indwoen 
green or unseasoned timber and dry or seasone<l 
timber, it appears that green timber has only 
aljout 80 per cent, of the initial strcngtJi of dry 
timber, but the former would shrink badly anS 
decay rapidly. Too much seasoning, or desiccat- 


MATKRIALS AND STRUOTURES 

specific gravity taken in the ordinary way would 
vary with the length of time the wood was 
immersed, but with such material as cement, tlie 
weight per unit of volume has no direct com- 
parison witli the specific gravity. In the first 
class of materials, and in the second if only a 
short timt^ heallowt^d to elapse so that the material 
does not become soddened, the weight of a given 
volume, such as a embic foot, will equal the pro- 
duct of the specific gravity into the weight of a 
cubic foot of pure water at standard tempera- 
ture and pressure ; but in tlio third class the 
specific gravity of the mass as individual grains 
is taken, and the comparison just stated will 
not hold good. If a comparison of weight is 
required in this class, then the relative dmsit if 
must bo taken. Relative density, sometimes 
called specific density, may be defined as the 
weight of a given volume or bulk compared 
with tliat of an eipial volnine of pure water. 
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ing, is apt to render some timl»cr, as lir and 
pine, biittlo ; other timber, as mahogany and 
bcech^ is rendered brittle by age. 

Weight of Timber. The weiglit of most 
timber varies according to the part of the tree 
from which it is cut ; as a general rule, that 
cut from the top of a tree may be taken as 
aliout .3 to 5 per cent, lighter than tliat cut 
from the butt. The weight also vai ies accord- 
, ing to whether the timber is green or seasoned ; 
generally the seasoning of wood reduces its 
weight by about 5 to 1 5 per cent. 

Tne shrinkage of timber in width during the 
process of seasoning may he taken as about 
2 to 5 per cent,, while oak often shrinks as much 
as 8 per cent. The shrinkage of timber in Kmgth 
is so small that it is not wortli considering. 

Specific Gravity. Relative weight per 
unit ol volume and specific gravity are inter- 
changeable terms' with some materials, such as 
iron; with other materials, wich as wood, the 


Stiffness of Timber. Stiffness is an 
important property of timber, and it may often 
he necessary to make a calculation of its re- 
sistance to bending rather than of its ultimate 
strength, as, for instance, in the case of lir 
joists to which a plaster ceiling is to he attached. 
The strongest beam that can he cait out of a 
circular log is shown in 72, and the stillest out 
of the same log is shown in 73. In the former 
the diameter is divided into three equal parts 
and perpendiculars drawn as shown, while in 
the latter the diameter is divided into four 
equal parts. 'I'he proportion of depth to breadth in 
the strongest beam is 2 to 1, and in the stillest 
/v/ 3 to 1, The actual strength and stiffness, of 
course, depend upon the particular timber. 

Resilience of Timber. By resilience is 
meant the work performed in bending timber 
to its proof deflection, but some authors define 
it as the resistance to transverse impact ; others 
rail it toughness. 
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Acacia . . 

1 1,200 




11,200 

’7 

44 

•025 

1,600,000 


to 1H,000 





to -8 

to 50 

to *029 

Alder 

10,04i0 
to 14,000 

0,780 




t o 

47 

•027 

1,000,000 

Ash 

12,000 

8,000 

480 

8,280 

12,000 

*7 

44 

*025 

1,600,000 


to 17,000 

to 9,300 

to 1,400 

to 18,000 

to '8 

to 50 

to *029 

lleech 

1 1 ,000 

7,700 

5.223 

9,000 

*7 

44 

•025 

1,350,000 


to 22,000 

to 9,300 



to 12,000 




Birch 

15,000 

3,300 

560 

5,.595 

11,400 

■71 

44 

*025 

1,600,000 



to 8.400 

to 815 


to 11.580 

to '73 

to 45 

to *026 

Jiox 

20,000 

10,300 



14,670 

1*28 

80 

•046 

2,000,000 

Cedar, American 

8,000 

0.000 


1,500 

4,60(» 

•55 

34 

*02 

500,000 

„ Lebauoii 

11,000 

5,800 



7.80(» 

*49 

31 

*018 

486,000 

„ West Indian 

6,000 

5,700 



8.88«) 

*75 

47 

•027 

Cliestimt 

0,000 


800 

1,.535 

10,000 

•58 

35 

*02 

1,1*4*0,000 


to 13,000 


to 890 


to *88 

to 41 

to *024 

C^ork 






*24 

15 

•009 


1>ca}, OitriHtiaida 

12,000 

5,860 



1^370 

•89 

43 

*025 

1,072,000 

KtM>iiy 


19,000 


7,750 

12.800 

1*18 

74 

*043 

JUlder 

10,000 

7,4.50 



*73 

45 

*026 



to 15,000 

t<i 9.970 








Kltn, Canadian . . 

9,200 

9,200 



11,490 

•75 

47 

•027 

2,470,000 

,, English . . 

4,480 

5,800 

1.400 


4.700 

■55 

34 

•02 

700,000 

to 14,000 

to I0.30h 



to 9.700 

to *59 

to 38 

to -021 

to 1,340,000 

Fir, Baltic 

3,300 

2,500 

.500 


4.900 

•4H 

30 

•017 

700,000 


to 12,000 

to 5,500 

to 1.500 


to 10,000 

to *71 

to 41 

to *025 

to 2,000,000 

„ Spruce 

2,900 

5,000 
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3,255 

9,000 

*48 

29 

•017 

1,400,000 

(o 1 2,000 

to 8,800 

to 470 
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to *51 
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•93 

58 
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to 72 

to *042 
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18,000 
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54 
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47 
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1 






to 114 

to 71 
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35 
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1,982,400 
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to *81 

to 40 
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900 

! 
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•53 

33 

•019 
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to 5,500 

to 1,800 


to 10.0(»0 
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to 34 

to -02 

t.0 1,300,000 

Lignum vitje . . 

11,800 

10,000 


20,600 

1 *33 

83 

•048 

Lime 




i 

1 • • 

*58 

35 

•02 


Mahogany, ITonduras . . 

*3,000 

*8,0(Kl 


1 

i 

1 i„500 
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35 

•02 

1.580.000 

to 1 8,000 

to 8,000 



to 12,800 

to -87 

to 12 

to •024 

to 1,970,000 

„ Si»;uil8h 

3,-l00 

0,700 


! 

7.800 

*85 

53 

•031 

1.255,000 

to 18,300 

to H,2ti0 



to 7.800 




to 3,000.000 

Maple 

10,000 i 

8, ()(»() 

3fM) 

1 8,355 j 

10,180 

•87 

12 

•024 

1,452,000 

to 15,400 1 


to 810 



to *75 

to 47 

to -027 

Oak, African . . 

14,400 

9,320 


i ^ 

15,100 

•99 

62 

•038 

2,283,000 

„ Amcricufi . . 

0,720 

8,000 

725 

1 4.000 

10,000 

■8 

50 

•029 
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48 
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270 

2.000 

7 40«) 

•43 

27 
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4,000 
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32 
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44 
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MATCRIALa AND 8TRUCTURK8 




The nfcxt tabic givea^a comparative view of 
some of the more important timbers as regards 
their strength, stiffness, and resilience. 




)ak being - 

100. 

Name uf Wood. 

strength. 

Stittnes*'. 

K.esiUi'iif’e . 

Acacia 

lift 

9S 

92 

Alder 

su 

03 

101 

Ash (EiigHsh) 

111) 

89 

ICO 

„ (Canadian) 
Beech 

79 

77 

— 

103 

4 i 

13S 

Cedar (Lebanon) .. 

(12 

28 

100 

Chestnut . . . . 

fiS to S9 

54 to07 

•5 to 118 

Deal (Christian hi) 
Kim (Canadian) . . 

„ (KiigUsh 

Fir (spruce) . . . . 

Creenneart . . . . 

104 

104 

i04 

114 

139 

— . 

S2 

78 

80 

70 to Srt 

72 to 81 

(iO t.) 102 

1 Ofi 

9S 



Hornbeam . . 

lOS 

— 



Jarrah 

H5 

07 



Kauri, or Cowrit- . . 

bO to 92 

11(3 to 102 

'n 

Larcli 

103 1 

79 


Mahogany 

(Honduras) 

9r> 

93 

99 

„ (Spanish) 

Oak (African) 

«7 

73 

01 

144 

101 

138 

„ (American) . 

^() 

114 

04 

„ (Dantzic) .. 

107 

117 

99 

,, (English) 

100 

101) 

100 

„ (Biga) . . . . 

JOS 

93 

125 

Pino (red) . . . . 

SI 

132 

— . 

„ (white) 

99 

95 

103 

„ (yellow) 

<»r> 

1 .39 


„ (Dantzic) 

lOH 

1 .3f) 


„ (Meinel) 

SO 

n t 

,10 

:: 

Plane 1 

82 

80 to 83 

7.3 

02 (o 98 

92 

04 

92 ■ 

78 

108 

Poon (Burtiiali) . . 

104 

99 

; 82 

Poplar 1 

50 to 80 

44 to 06 

i 57 to U2 

Sycamore . . . . | 

M 

59 

111 

Teak 

109 

120 

94 

Walnut 1 

74 

49 ! 

111 


COMPARISON OF VARIOUS TIMBERS 


Teat Pieces. Tlie most usual test of 
timber is for transverse strength. Pieces are 
prepared, as in 74, I in. square and 15 to 18 in. 
long, placed upon hard and him siipjiorts 
12 in. apart and loaded in the centre, or what is 
called loaded in the centre, which may be anything 
from a sharp V-edge to a round pin 3 in. diameter 
or a flat bar 1 in. wide. The variation in results 
is sometimes due to loose ideas as to what 
consti^tutes a central load. When larger test 
piecea titan 1 in. squan^ are used, such as 2 in. 
by 1 in., or 3 in. by 2 in., the deeper side is placed 
vertical, and the clear span is increased so that 
the load required to break them shall not la; 
excessive. ^ 

The reduction to the standard value of 
1 in. square and I ft. span is made by considering 

that the strength varies as where h 

breadth in inches, d " depth in inches, and L — 
span in feet. For tensile tests tlie pieces are 
shaped as in 75, but may be larger, according 
to the capacity of the machine, frequently up 
to, say, 3 in. by. 3 in. in the central part. The 
enda are held by cast-iron clips bolted together, 
and the taper is such that sufficient length shall 
be left to provide against detrusion without 
any sudden change in sectional area, which 
vi^ould at once form a weak spot. 


b'or compression tests it is usual to take a 
cube of 2 or 3 in. side, as 76, and press on the 
end grain, noting when splitting lirst occurs and 
when (inal crushing takes place. When the test 
piece is longer than its least width there is a 
reduction of strength, but it is not noticeable 
until the length exceeds about six tim<*s the 
least width. There are very few* recorded tests 
of the resistance of timber across the grain, 
although it is a very important matU^r, frequently 
ivenrring in construction. For instance, when a 
tiinl)er Ijeam rests on a post, tlio post will have 
a much greaU'r w’orking pressure per square 
inch of bearing area than will the beam, especi- 
ally in fir, and it is necessary to sjircad the 
pressure on the beam by a hard wood corbel, 
in order to secure economy and efficiency ; but 
it is mostly guesswork. Approximately timber 
will only bear half the load perpendicular to 
the grain that It will bear in the direction of 
the grain. 

Testing Machines, Messrs. W. & T. 
Avery, Ltd., make a vtu'y compact and handy 
testing machine for transverse tests up to 
40 cwt. and ten-^ilc tests up to 60 cwt. [77]. 
It may be used for ascertaining the transverse 
breaking strength and dellection of any material 
up to cast-iron bars 2 in. b}' 1 in. in section, 
and 3(> in. clear sjian. and in tension up to 
east-iron spei imens .J in diameter. The bed 
plate is of cast iron, fitted with dogs for 
holding the sjK^cimens adjustable to suit 
different lengths of bars, the base l)cing gradu- 
ated so that the specimens may be accurately 
positioned, either 12 in, 24 in., or 36 in. 
between centres. \ graduated deflection scalc 
is attached to the inaeln’n.‘, by means of which 
the varying deflections of a specimen under 
different strains can be ascertained at any 
period of the test. Th(‘ scale has two scries of 
graduations, one deeimally by J()th in. divisions 
up to 1 in., and the otlier hy divisions up to 
1 in. A east-iron standard is l»olted to the basi 
plate, fitted with hardened steel bearing blocks 
upon which the fulcra knife-edges of the steel- 
yard rtst. It has a strong wTought-iron 
steelyard, machined and polished bright, fitted 
w ith hardened sti e] knife-edges, and graduated 
up to the full capaiity of the machine, thus 
dispensing entirely with loose weights. The 
steelyard is })rovided with a sliding pois,?, by 
means of which the steel3’ard is kept in equili- 
brium and tlic strain indicated. To ensure 
the strain being steadily and evenly applied,' 
and the most accurate results attained, a small 
hand- wheel is fitted to the poise for propcllitig 
the latter. 'Phe strain is applied by actuating 
a turned and polished hand- wheel, with a screw 
w'orking tlirough a steeled and hardened stirrup, 
which exerts th(‘ strain on to the specimen. 
To minimise the shock on the steelyard due to 
the breaking of the specimen, a spring buffer 
is fitted to the steelyard carrier. For tensile 
and compressive tests of wrought iron and steel, 
larger machines are generally used, which will 
be descrilied in connection with the testing of 
metals. 
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MATHBMATIOS 


depend on the principles of Proportion. 
The student ought to find no diificultics if 
he remembers that : 

(1) £ s. cl. iA a company is Stock, 

(2) £ s. d. to be sold out is Stock. 

(3) £ s. d. to be iywested is Cash. 

(4) Brokerage is not reckoned unless specially 
mentioned in the question. 

Example .1. I invest £4fi.'>3 in 2J per cent. 
Consols at 94. How much sto^k do I get , and 
wliat is my income ? 

. Here, we are told that £94 will buy £100 
stock, and we have to find how much stock 
£4653 will buy. 

£94 : £4653 | ; £100 stock : Required stock. 

Required stock — ~ £4950 A^is. 

94 

Again, wo know that £100 stock gives an 
income of £2J. We have to find what income 
£4950 stock will give. 

£100 : £49.50 ; ; £2J ; Inoome. 

Income - £*^^*'1-^5= 

10(J>2 

Or, in finding the income, we may work with 
cash instead of st<'s’k. For wc know that by 
invt sting £94 an inc’ome of £*2J is obtained, 
and we are required to find what income is 
obtained by investing £4053. 

Example 2. If 1 invest in (i per cent, stock at 
140, what percentage do J get, on my money ? 

We have to find wliat income £100 will pro- 
duce, if £140 gives an income of £6, 

Hence, 

£140 : £100 ; ; £6 : Required percentage'. 

Per entage - - 4? Avs. 

J4t), ' 

Example 3. Which is the better investment, 

3 per cents, at 98, or 3^ per cents, at 115? 

Wo may either, as in Example 2, find the • 
actual percentage in each case ; or, we may 
proceed ao follows : 

In the first stock, an inve.'* t.ment of £98 pro- 
duces £3 income. By proportion, we find that 
the imiount which must be invested to pnuluct! 
£3J 18 

£08x:U_ 343 , 

3 3 

But the second stock requires an investment 
of a greater sum, viz., £115, to produce this 
income of £34. Therefore, the 3 per cent . stock 

is the better investment. 

' ' ■■■ T '""* 

Example 4. A man f.ells out £5,0lX) from the 
24 per cent. Consols at 854 (brokerage 4) and 
invests the proceeds in 64 per cent, railway 
shares at 1654 (brokerage f). Find the change 
in his income. 

His income from Consols = 50 x £24 - £125. 

He sells £100 Consols for 854 ~ 4» ^^5. 

Therefore, he sells £5,000 Consols for 60 x £85. 

Next, to obtain £64 income from 'railway 
shares, he has to invest £(1654 4- 4)> £165|. 

Wp find, by proportion, what income he will get 
by inveBting 50 x £85. 


Thus, 

1655 : ,50 X 85 ; ; £64 : Income. 

Hence, )iis new income 

5 2 

= £^1 '< 85 X .50 xHh ^ 

H>5] 

3 

V £166 138. 4d. 


Therefore, the new investment increases his 
income by £166 1,3s. 4d. £125 - £41 1.3 k. 4d. Am. 

Note, that in examples of this sort, it is not 
necessary to find the amount of stock he obtains 
by the new investment. 

Kxamjde 5. i\ man invt'sted his money in 
railway stock which yielded a dividend of 6.1 [Kjr 
cent, the liist year, and lie paid Is. in the £ 
incomc-lax. Tlit* next year the dividend was 
6 jier eent., anti the income-tax was lOd. His 
net income was thus reduced by £U9. How 
much stock iiad he ? 

Income-tax at Is. on £64 -- fiis. 

In the first year,eaeh £100 stock gives a net 
income of £(> lOs. 6a. (id. -- £6 3s. fid. 

Ineome-tax at lOd. on £6 -= 5 h. 

In the second year, each £100 stock gives a 
net ineomc of £6 5 h. £5 15s. 

Hence, his income from each £100 stock is 
n'duccd hy £6 3s. 6d. - £5 15s., or 8s. fid. 

But the total n'duction is £119, and wo find 
hy proportion what amount of stock this 
represents. 

'Phus, 

Ss. fid. ; £1 19 ; ; £100 slock : Benuirod amount. 

WIk'iicc, amount of stock 


..100 X Il‘lx2x20 
17 


£2HiH)0 A ns. 


Example 6. A man invests £22000, partly 
in 3 per cent. sto<’k at 88, and partly in 4^ per 
eent. stock at 110. He fintfs that on the whole 
li(' gets 3J per ct'iil. for his money. How' much 
is invested in t}u‘ 44 per cents ? 

HLs income 220 < £31 - £770. 

If all his mom'V was invested in the 3 jK'r 
cents, his iju'omi' would be 


J.22000 X 3 
88 


£750. 


Tiiis is £20 less than his actual income. 

Tiie L.F.M. of 88 and 110 is 440. If £440 is 
inve sted in the 3 per cents, it gives an income 
of 5 X £3 - £15. If £440 is invested in the 
44 IHU* cents., it gives an income of 4 x £4J 
£18. I'hat is, by investing £440 in the 44 per 
cents, instead of in the 3 per cents., he increases 
his income l»y £18 - £15 •-= £3. Wc have only 
to find how much he must transfer to the 44 
per cents, to increase his inoome by £20. 

Thus. 

3 : 20 ; ; £440 : Required Ans. 

Amount invested in 44 per cents. 

• .440 x 20 .8800 

” ^ 3 “ ^ 3 

-- £2933 68. 8d. Am. 
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Note. If wo hud boon roquired lo find the 
amount of nUnk in the 4.J per eorits., we nhould 
dimply have had to use £400 stock, instt^ad of 
£440 cash, for tlie third ternt of tJio proportion. 

EXAMPLES 17 

1. Howmueh must he invested in 4J per cent, 
stock at 102 to oiitain an income of £380 ? 

2. A man Sells out £tM0(t of 21 per cent. 
Consols at 00. and invests the* proeet'ds in a 4 per 
cent, stock. He thus increjises lu{4 ineorne. by 
£6. What was the jiriei* of the 4 per cents. ? 

3. Ilow much must he invested in .‘U jier cent, 
stock at 115jJ (brokerage J) to give an income 
equal to that obtained from £577o stock in 3 pm- 
cents, at 99 ? 

4. A man invesds in a 5 jier cent, stock. After 
paying an income tax of Is. in the £, he finds he 
gets 3J per cent, on his money. At what priet^ 
did he buy the stock V 

5. A man invests half his capital in 3^ per 
cent, stock at 90. and the rest in 4i })er cents. 
He obtains the same income from each invest - 
mont. > Wliat is tlm prk*e of the 4^ per cents. ? 

6. By investing a certain sum in the 3^ per 
cents, at 98, my annual income is £15 more than 
if I had invested in 3 ])er cents, at 90. What 
sum did 1 invest ? 

7. A person lias £8225 in a. 3.J per cent, stock. 
He soils out as much of it, at 102, as >yiU produce 
£4131, and invests the ])roe(*eds in 5} per cents, 
at 119. Find the eliange in his incoim*. 

8. A man invests £2500, some of it in 3J per 
cents, at 103.\, and the rest in 4 per cents, at 140. 
On the whole, he gets 3 ])ev cent, interest on his 
money. How much of each stoi'k does he 
buy 

Answers to Arithmetic 

Kxami’i.ks 16 

1. £441 12s. (kl 

2. Interest £980 - £875 £105. Interest 

on £875 for 3 years at 1 per cent. £2t)'25. 
.*. Required rate £105 £*i0{ - 4 per cent. 

8 . Interest on £ltX» for 8 years at 4^ per 
cent. £30. Heiiei*. the proportion is £30: 
£183 38. : ; £100 : Required sum. This gives 
£508 158. Anf<. 

4. At 4 per cent., the interest on £100 will have 
amounted to £100 in 100 ^ 4 — 25 years Ana, 


5. £1691 4s. lOd. ^ 

6. See Art. 128. Then, working in a similar 
way to Art. 125, we get tin* required interest 

- £4 15s. ll ‘98d. -=- £4 10s. 

7. £212 10s. 

8. By mctlu)d of Art. 128, Kx. 2, the present 
worth is found to be £1250. Hence, the true 
dhseount is £1447 Os. 7.ld. - £1250 - £197 Os. 7Jld. 

9. See Art 131. Amount of bill - £816 Bis. 4d. 

10. Bill is due on August 7t]i. On March 
14th it still has 17 i 30 | 31 -f- 30 f- 31 + 7 

— 140 days lo run. Banker’s discount is, there- 
fore, the interest on £400 for V year at 5 per 
cent. £8. The holder of tiie bill reeeiv^es 
£400- £8 -=£392. 

POWERS AND ROOTS 

138. When a product consists of the same 
factor repeated any number of times it is called 
a power of that factor. 

'riius, 

7x7 is the second power, or the square of 7. 

7 X 7 X 7 is the third power, or the vnhe of 7. 

Similarly, by taking four, five, six. etc., 
factors, we obtain the fourth, fifth, sixth, etc., 
powers. 

A power of a number is generally expressed 
by writing the number only once, and placing 
after it, above the line, a small figure to show 
how many factors arc to be taken. The small 
figure is callial an index. 

Thus, 

7' - 49 ; 7‘ - 343 ; 7‘ - 2401. 

139. A niimber is called the square root of its 

square. Since 7- 49, the sciuarc root of 

49 is 7. 

Tiie symbol is used to denote the square 
root. This symbol was originally the letter r, 
and stood for radix, the Latin woid for root. 

The “ square root of 49 ” is written 

x\gain, a number is called the cube root of its 
cube. 7* - 343. Tiierefore, the cube root of 
343 is 7. 

The ‘‘ cube root of 343 ” is wrrilten ^343. 

Similarly, a number is the fourth ntot of its 
fourth power, the fifth root of its fifth power, 
and so on. 

A perfect square is a number w'hose square 
root is a whole number. A perfect cube is a 
number whose cube root is a whole number. 
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% spirituajista and all sorts of spiritualistic 
; but the fact is that, as a French 
ODSorver has recently said, modern physics has 
accomplished the de-materialisation of matter, 
and having revealed it as something which is 
ultimately not material at all, has compelled us 
to modify all our old assertions as to what we 
used to call its fundamental properties, 
c We have spent much space on this suhiect 
here and in a previous lesson. The reader will 
find no reference to it in any ordinary text-book 
of physics, and may accuse us of not having a 
duo sense of proportion ; but the fact is that 
dufring the last year or two the fundamental 
notions of physics have undergone profound 
changes, and to ignore the consequences of 
these changes would simply be to ignore the 
most important and remarkable work that has 
been done in physics since the time of Newton. 

Leaving now these exceedingly difficult and 
subtle questions, wo may pass on to the con- 
sideration of oUior properties of matter which are 
of very groat importance, but which fortunately 
are in many ways much easier to understand 
than those properties whudi we have alr<‘ady 
attempted to discuss. Let us simply content 
ouj’selves with the existence of molecules, using 
that word in the strict modern sense defined in 
the course on Cukmistry. On page 692 in 
that course considered in a short para- 
graph the question of the actual si:w of mole- 
cules. T^et us now pass on to consider the 
behaviour of molecules in general, not the 
behaviour of a molecule of water as distinguished 
from a molecule, of, say, sulphuric acid — that 
would be more properly a chemical qu(>ation ; 
but here wo arc eoucorned with the bchavioifr 
which is common to all molecules, no matter 
what their chemical composition may be. 

Nothing is at Rest. The first and 
most important fact, of the profoundcst im- 
portance from every point of view -physical, 
oliemical, and ])hilc)soj)hical — is that all mole- 
cules are in movement. This is a fact upon 
which all students of the matter are agreed. 
In our previous chapters we have spoken of 
molar forces and proport ie.s ; we have discussed 
motion and the laws of motion. As those words 
lie before you on the table they are at rest — the 
pages will not move unless something moves 
them ; but if you could see the molecules of the 
pages you would find them to be all in active 
motion. Consider any mass of matter you jfiease, 
such as a billiard-ball, and it may be at rest as 
a whole or in motion as a whole ; these arc molar 
rest and molar motion. But in all the matter 
that wo know there is no such thing as molecular 
rest ; there is nothing but incessant molecular 
motion. The molecules that go to make up 
the ivory of the billiard-ball are in incessant 
motion amongst themselves, no matter w'hether 
the billiard-ball, as a whole, is moving or at rest. 
Now, when >ve have completed our discussion 
of the properties of matter, we are going to 
coasidor the great subject of heaty and we shall 
find 'that this property, molecular movement, 
is very first importance in relation to the 
subject of heat. No one can possibly 


understand heat, or the great pbysioair tra^a 
to which the study of heat has led us, without 
having a clear understanding that wherever 
there is matter, there is motion. Indeed, we> 
fchall not have proceeded far in our study of 
heat before vre discover that what wo call beat 
is none other than molecular motion. 

Molecular Motion of Gaaea« lElrst 
of all, let us consider matter in that physical state 
which we call gaseous. The molecules of a gas 
are in a state of much freer and more rapid 
motion then the molecules of a liquid or a solid. 
In a previous chapter wo have cQscusaed some 
aspects of the fact called fluid pressure. We 
have seen that those fluids known as gases always 
completely fill any space in which they may be 
enclosed. In this respect they differ profoundly 
from the fluids called liquids and from solids. 
It is believed, for the most excellent reasons of 
many kinds, that the (characters of a gas, its 
pressunc, the relation of its pressure to its 
temperature and its volume (previously de- 
scribed as Boyle’s Law), and its behavjiour in 
completely filling any space in which it is 
enclosed arc rons(‘quences, one and all, of the 
raolecmlar movement in the gas. Wo have to 
regard the moleccules of (every gas as rusliing 
violently about in one direction and another, often 
striking one another or rebounding from the 
sides of any vessel tliat encloses them. We must 
beware, however, of forgetting Newton’s law of 
motion. W’e must not conceive of the molecules 
of a gas as (‘lianging the direction of their motion 
at their own SAveid. will ; they have to obey the 
law of inertia, and their movements an(l the 
cour.se of the directiem of their movements are 
d(^tt»rmined by forces outside them. If a mole- 
cule of a gas moving onwards changes the 
direction of its motion, that is because it has 
collided with another molecule or with some 
solid body, such as the side of a vessel, or becaiise 
some new force has been impressed upon it. 

Molecular Motion and the Radio* 
meter. Now, in a previous chapter, when we 
were discussing gravitation and the great dis- 
covery of radiation pressure, we roferr^ to the 
radiometer of Sir William Crookes [page 938]. 
We saw that when heat is applied to the radfd- 
meter the delicately balanced vanes which lie 
in a partial vacuum inside the glass bulb begin 
to revolve, and it was asserted that this revolu- 
tion was due to the fact that the remaining air 
inside the bulb is unequally heated, owing to 
the fact that one side of each vane is bright, 
whilst the other is blackened. Hie blackened aide 
of each vane absorbs far more heat than the 
bright side, and so the molecules of gas that 
strike against the blackened sides are heated in 
a greater degree than those which strike the 
bright sides. 

. Tlic effect of this heat — ^indeed, the ' very 
existence of this heat — imparted to the mc^Cr 
cules consists in a more rapid molecular move* 
ment. The consequence is that as they rebouiia 
from the blackened sides of the vanes they 
acquire an additional speed, and since, acbordihg 
to Newton’s law, action and reaction are 
and opposite, they, so to speak, kick ttie yeoe;. \ 
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behind thorn as they leave it. The eonsequeiu*o 
is that the vanes are set into rapid moven^nt, 
the bright side of the vane being the advancing 
side, since it is the black side that luia Imh'h 
kicked, so to sjxjak, by the hcatt‘d niolccule» as 
they rebounded from it. 

What the radiometer demons tratess, th»‘n, i^, 
as we have already seen, not radiation pressun^ 
at all, but the molecular motion that oociir.s in 
every gas or mixture of gases, such as the air 
inside the radiometer. 

Kinetic Theory of Gases. Now 

must look further into this question of molecailai 
motion in a gas. All the facts that physicists have 
observed have led them to frame wliat is known 
as the kinetic theory of qa.sef}. We need not dt^fiiu' 
th(^ word kinetic again, since' the rc'adcr wdl 
rempml)er its derivation from the (Jreck word 
implying movement. Now, the kinetic theory 
of gasc's aaseits that the molecules of a gas are in 
constant movement, which is of the kind wc* 
defined in an earlic'r chapter as movement of 
translation that is to say, not movement of 
rotation in one ]ilaee,i hut movement, as a 
whole, from one place to another filace. Tills 
movement o( translation implu'S the ])oss<*ssion 
of kinetic eiuTgy (a leim aln'ady defined) by 
the molecules of the gas; and it is furtlu r 
asserted by this theory that the degnM* of this 
kinetic energy dep< rids u]>ou flu* <uuount of 
ht'at in the gas. Index'd, tlie amount of heat in 
the gas f.v the amount (»f kinelie energy of its 
molecules. In other words, the heat in the gas 
and the moleeiikir motion of the gas an* one and 
the same thing. TIeiiee the total quantity of 
heat in a given ma.^s of gas will consist ot the 
.sum of the kiru'tie eru'igy of all the rnoleeules 
that are contained in it. Fuithei. the kini'tie 
tlu'ory of gases lu'lps us to understand the 
pressuix' of any gas or mixture of g}is<*.s. 

The Kinetic Theory and Gaseous 

Pressure. The pressure of a gas must be 
regarded as the conseqiK'iiee of the eeaselohs liom- 
bardment of the surfaces which enclose' tii.it g:is 
by its moloeiiles. The pressure of t he ga.s w ill vary, 
and indei'd does vary, in aeeordanee with thi.s 
theory, [(bmpare Boyle’s law% already refer ri'd 
to.] Foi instance, if we diminish the df'fihity 
of the gas — tlmtistosay, the numberof mok'euh's 
in a give*i volume of it— wx* diminish its pii'ssure. 
This must be so, simply because there are h'wer 
molecules to exoi’eise that bomhardnient of 
which w’c have spoken and upon viiich we have 
asserted the pressine of the gas to di'jK'iid. 
Again, the pressure of the gas will diminish if wo 
lower its temix.'ratui’e, and will increase if we raise 
its tepii)eratur(i. These facts are readily exiihiined 
by the kinetic theory of gases, for when w'c lower 
the temperature of a gas we lessc'n the amount of 
heat in it — that is to say, we reduce the amount 
of molecular motion in it, or the amount of 
kinetic energy which its molecules possess ; 
the pressure of the gas is reduced because the 
vigour of the bombardment is less. Similarly, 
' wh^en the temperature of the gas is raised ther«'. 
is more heat in it — that is to say, there is more 
molecular motion, more kinetic energy, a more 


vigorous bombardment, and tli(‘refore an increase 
of pri*ssure. 

Much attention has b(*en paid to the actual 
speed with which the molecules of a gas move ; 
it varies very widely in the ease of different 
gases. At a ti'inficrature of 0® (\ the* average 
Hpml at which the moli'cules of hydrogen gas 
move is considerably mtu'e than 1 niik* per 
HiM'ond. The molecules of oxygen gas at thq 
.«»ame tem[X‘raf lire --molecules which, as the, 
student on the eours^^ of (hiEMi.STRY will re- 
lueinher, have a nia.ss Hi (imch greater than the 
inoleeuk's of hydrogen -have a speed one-fourth 
ot that of the hydrogen molecules. 

The “ Free Path of a Molecule. 

Now. w’c hav(* stated that a molecule of hydrogen 
at the temjK'rature of tlu* free/ing point of water 
would move eoiisid(*ral>ly more than a mile in one 
sci'ond ; but we must remember that it is sur- 
rounded hy a host of olhi'i’ rnoleeules with which 
it must often ('ollide. Hence theie arises this 
\ery interesting (piestion. In any given gas, at 
any given t<'iU|K^rature and pressure, what is the 
average actual distance through which a molecule 
can move hefon* it strikes against another 
molecule and has its course changed ? This 
average, or rni'an distance, is ti'chnieally known 
as th(‘ mu/n free path ot a molecule. Plainly, Ihe 
more den.''(' the gas he — that is to say, the more 
its molecules he crowded together — the shdrk'r 
Is the distance whieli the moleeuli* can expect 
to travel in a straight line without, so to speak, 
bumping up against anothc'r molecule. J^'rhaps 
W'c may gt't a clear image of what must happen 
if we compare the conditions under which a 
skater can move in a crow dt'tl or a m'arly empty 
skating rink. Now', it is stati'dlhat in the ease 
of the' molecules that go to form the gases of the 
air w illiin the ordinary limits of the atmosjdierie 
j»ressure anel temperature, tlie mean free path 
must he exceedingly short, amounting to perhaps 
about l.tKlO times tlu' incredibly minute diameU'r 
of a molei uk'. The numlx'r of collisions which 
any molecule must undergo in a second under 
siieheonditionsmust he almost immeasurable. If, 
however, wi* consider th(* molecules of the gases 
of the air that is present in the so-called vacuum 
of an ordinary incandescent eleetrie lam)) W'c 
lind that the )>roportion of molocuh's to thi* spai'o 
they occupy is so small that, were it not for 
striking against the glass itself, each molecule 
would have a mean free path of more than 
30 ft. 

No Cohesion in Gases. Now, let us 
consider the jdiysieal state of a gas and contrast 
it with the phy^1cal state of liquids and solids. 
If you move one end of a stick, the other end 
moves also, a most remarkable and wonderful 
fact, though it is such a common ease that few 
of us have over thought about it ; hut when wo 
do come to think about it w'e see that there must 
be some intimate relation between the molecules 
of the stick, so that when one end of tlu; stick 
is touched something is transmitted which 
compels the other end of the stick to move also. 
This property of the molecules of the stick wo 
will call cohesion, and the first point to note 
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the physical state yof any gas is that its 
.molecules have no cohesion. They are absolutely 
itldependent of one another save for the fact 
that they are apt vto interfere with one another 
by means of collisions ; but it is evident that 
of cohesion — as the molecules of the stick have 
cohesion — they pos^seas not a trace. In fact, 
then, the physical state of a gas, as compared 
with the physical state of a liquid or solid, is 
relatively simple. We have merely to conceive 
of the gas as consisting of a number of inde- 
pendent molecules each possessed of energy of 
motion, or kinetic ciuTgy, in virtue of which it 
flies onwards in a straight lino until it strikes 
something which sets it on a new course in another 
straight line, and so on inde finitely . There is 
no cohesion between the molecules, and though 
we must believe that gravitation acts between 
them, there is nothing of what we shall soon 
loam to call molecular attract ion. 

Molecular Motion of Liquids. Now 
let us turn to consider the case of a liquid and 
the peculiarities of its physical state. Ifore, 
again, wo may be absolutely certain that there 
is abundant molecular motion, and we must 
inquire inj-o the dilferences between molecular 
motion in the case of a liquid and the case of a 
gas. But first of all let u.s notice a most im- 
portant consideration, which will reap|)ear 
when wo conic to consider the contrast Ixitween 
a liquid and a solid. Wo speak and think as il 
there wore three states of matter — solid, liquid, 
and gaseous — the distinctions between them 
being alisolute. But, of course, we cannot forget 
the fact that there are many solids, such as pitch, 
which pass by continuous stages from the solid 
to the liquid state. This, and many similar 
facts, together with our philosophical Udief 
that Nature is not broken but continuous, and 
together with the conceptions which we must 
form as to what happens during the gradual 
process of evaporation of a liquid, or liquefaction 
of a gas or solidification of a liquid — all these 
considerations lead us to the very important 
conclusion that the transitions of ice, for instance, 
to the state of liquid water and then to the state 
of water vapour are absolutely continuous. 

Transition from Solid to Gaseous. 
We are compelled to believe that all the stages 
between the solid and the gaseous state, which 
our reason compels us to assume, do really exist. 
The fact merely is that, as a rule, certain of 
these stages, such as the stages between ice and 
liquid water, arc so rapidly passed thiough 
that unless very careful experiments are made 
for the purpose we fail to observe them. But 
the new science of physical chemistry has devoted 
much attention to this subject, and as the years 
go on we constantly become more and more 
certain that the so-called three states of matter 
represent not states that are absolutely distinct 
from one another, but states which arc con- 
tinuously connected by an unbroken series of 
gradations, certain of which happen to bo very 
inconspicuous or so rapidly passed through that 
in the case of the majority of substances and 
under ordinary conditions we fail to observe them. 
Havi|||g insisted on this most important point. 


let us seu what happens when a gas is liquefied 
Let us consider the most familiar instance, 
which is that of water vapour or gaseous water. 

Liquefaction of Water Vapour. The 

us© of the two words gas and vapour is 
merely a matter of somewhat doubtful con- 
venience, the word gas being applied to sub- 
stances which are most familiar to us in the 
gaseous state, and the word vapour to substances 
in gaseous form which, however, are most familiar 
to us either os liquids or as solids. If, then, 
we consider the case of water vapour, wo may 
ask what must happen when a given mass of 
water vapour is subjected to an increasing 
pressure ? Wo will assume that the temperature 
remains tl)e same, elss our problem is complicated. 
As the water vapour is compressed, its mole- 
cules iHJCome crowded more and more together, 
until at last we may imagine that a point is 
reached when a certain number of molecules 
would become so crowded that the force called 
molecular attraction would be able to assert 
itself between them and their neighbours. 
The excellent illustration has been given of 
the case of some planet or comet conceived to 
be wandering through space in* a free path. 
By chance it comes within a certain distance 
of some other body, such as the sun, and gravita- 
tional attraction asserts itself to such an extent 
that the wanderer loses its freedom of move- 
ment and is compelled to enter into a special 
relation with the attracting body — such, for 
instance, as the relation which the earth holds 
to the sun as she travels round him. Now, some 
thing like that happens when the water vapour 
wo are considering is compressed beyond -a 
certain point. 

Molecular Attraction. In the case of a 
molecule here and a molecule there, and gradually 
in the ease of more and more molecules, the force 
of molecular attraction, whatever that really may 
l>e, comes t o assert itself, and a new state of affairs 
is gradually set up. in which the water vapour 
gradually loses the character of a gas and assumes 
the character of a liquid. We must thus believe 
that the molecules of a liquid have become 
entangled with each other in the same sense as 
the earth is entangled with the sun. PreyiquBly ’ 
they were able to move in any direction, and 
bad so much kinetic energy of their own that, 
they could even fly upwards, notwithstanding 
the force of the earth’s attraction. But now 
they have lost their momentum and have 
established a now relation with each other. 
Gradually the process of liquefaction continties, ; 
in accordance with the assertion we ^ave . 
already made that the transition from the gaseous 
to the liquid state is gradual and continuous 
When the total volume of water vapour has been 
sufficiently reduced, we find that it is no longer 
water vapour, but liquid water. Exactly the 
same results as have been achieved by increasixig 
the pressure without alteration of the tempera-* 
ture would also have been achieved by iedueta|^ 
the temperature — that is to say, by reducing 
the amount of kinetic energy in me mpleoulesr^ 
even though we had not subjeoted the water 
vapour to any increase of pressure.; 
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How, then, are we to conceive tlic physical 
state of a liquid, and what is the nature of the 
motion of its molecules ? They are no longer 
moving in free paths, long or short ; tJie force 
of molecular attraction has been asserted, and 
the molecules are probably moving in compli- 
cated orbits round each other at a speed which, 
though very great, is less than the speed at 
which they formerly moved when enjoying the 
complete mutual independence possessed by the 
molecules of a gas. Well indeed it w’ould bo 
if we could now explain the exact nature^ of this 
force which wo call molecular attraction. 
Ultimately, no doubt, it will he shown to bo an 
electrical phenomenon, but that time is not yet. 

The Process of Freezing. Next we 
must consider what happens when the liqxiid 
water becomes solid. Precisely the same change 
of conditions as turned the water vapour into 
li(piid water will, if made more marked, yield 
us ice in its place. The (‘sscuiiial dilTerence 
'between the solid and the liquid state's 
is that the solid is possessed of less molecular 
motion than the liquid, so that the forces of 
molecular attra(?tion arc enabh'd .still further to 
assert themst'lves. Let us turn to the illustra- 
tion from astronomy. What would liappen at 
this monu'iit if the kinetic energy of tht‘, (‘artli 
in its orbit was reduc^ed or i^ompletc'ly removed ? 
In the first instance gradually, by a sort of 
narrowing spiral, and in the si'cond instance im- 
mediately, l)y motion in a straight line, it w'ould 
fall into the sun. A proee.ss exactly parallel 
to this is w'hat happens w'hore, by abstracting 
heat from li(|uid water — heat being none other 
than a form of kinetic energy --w'c reduce tlie 
kinetic energy of its molecules to siK'h an extent 
that molecular attraction asserts itself still 
further, and their orbital motion around one 
anotluT ceases. The consequiuice will be that 
the molecules come closely together, so closely 
that they cohere, and if we move one end of 
Uie block of ice that is formed, the other end, 
in virtue of this cohesion, will move also. 

Molecular Motion of Solids. Now, 
are we to regard the motion of the mole- 
cules in the solid so formed as having ceased ? 
Most assuredly uot. 1'hough the kiiu'tie energy 
of the molecules has been so much reduced 
that they can neither fly about independently 
of each other as in a gas, nor yet revolve in 
orbits round each other as in a liipiid, yet 
some kinetic energy still remains to them. 
Much heat has been abstnu^ted from the water, 
but by no means all. There are many colder 
things than ice, and all ice is not at the ‘^amc 
temperature. Probably we must regard tin? 
molecular motion of such a solid as ice as con- 
sisting of a to-and-fro or vibratory motion of 
pairs or groups of molecules. Pray observe the 
use of the word groups. For consider what is 
really the physical state of ice, which consists 
of crystals. These crystals must consist, in their 
turn, of regularly arranged groups of molecules, 
harmoniously vibrating with one another. 
ITio precise manner of their vibration will 
determine, we must suppose, the shape and size 


and other characters of the crystals of ice or any 
other substance. 

The Result of Solidification. It is 

scarcely necessary again to in.si^t that, as in 
the previous case, the process of solid ifleation is 
a gradual one — first one molecule and then 
another being so far di'prived of its kinetic 
energy, as boat is abstracted from the mass, 
that it can no longer maintain its orbital 
motion. But suppose that the? process has 
been completed and that the wdiole mass is now 
solid, and suppo.se that we continue the pro- 
cess of reducing the temperature, and thus 
remove still more energy of motion or kinetic 
eiK'rgy from tlio molecules of tlu? ie(‘. The 
result will be that their vibrations or to-and-fro 
movements will become k'ss (‘x tensive, and the 
ice will shrink or eonlract. It is the geiu'ral 
rule that when a body is heated it expands, 
and that whi'ii it is cooled it l ontracts. 'I’hese 
facts can readily b(' explained on the theory of 
molecular motion : as heat, kinetiir energy, 
motion, continues to be removed from the ieo, 
it continues to shrink more and more, thus 
showing that its volume - the very space it 
occupies — is determined, partly at any rate, by 
the motion of its molecules. What will hapjien 
ru'xt ? 

The Coldest Cold. Now tins is a 
fascinating and most important question. 
Suppo.se that wi' go on abstracting heat or 
molecular motion from any body, we must 
ultimately n'aoh a ])oint when there is no more 
heat or rnoh'cular motion in it— that is to say, 
when its molecular motion has been absoluti'ly 
ebolishcd. Such a body, and such a body only, 
w'ould be absolutely cold, being destitute of all 
heat or molecular motion. But tlie study of 
this groat question must be deferred for the 
present, until we have made a further study of 
the facts of heat. For the pr(\sent it will si'rve, 
perJiaps, to keep alive tJie reader’s interest in 
this subject if w(‘ say that tlu' absolute zero of 
temperature has novi'i* yet been reaidied by 
anyone, and that it seems more than probable 
that the attem])t to ri'duce any substance, 
even frozen hydrogen, to this iiltimati^ depth . 
of cold, must for ever fail. As to the aspects 
w'liieh matter would present if deprived of all 
its molecular motion no one will dare positively 
to say ; but of this more anon. 

Molecular Forces in Detail. Perhaps 
the reader may be apt to think that moli*- 
cular forces, because they are displayed in 
('.xeeedingly small bodies, can have no very great 
magnitude. But that would be a very great 
mistake. Let him consider, for instance, the 
.strain to which steel is cxpo.sed in many of its 
industrial a}>plications ; let him consider the 
numlx'rof Ions which a steel wire will support — 
yet W'hat is it but molecular attraction that 
keeps together the molecules of steel, even 
though such a tremendous strain is put upon 
them, endeavouring to pull them apart ? We 
must clearly understand that though molecular 
forces act only at very minute distances, yet 
within those distances their power is gigantic. 
Gravitation, which we so constantly think of as 
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tremendously powerful, is almost a negligible 
quantity when it is pitted against molecular 
attraction. When a great weight is supported 
by a steel wire it is evident that, if we consider 
any level in that wire, the molecular forces of that 
level are sufficient to more than counb^ract the 
weight — that is to say, the expression of gravita- 
tion — of all the mass of wire below that level Hn<l 
of the body that hangs at the end of it. Wo have 
chosen solids for our illustrations because it is 
in them that the molecular forceps are so power- 
ful, but tlu^y are very hir from being negligible 
in many liquids. 

Surface Tension. Every reader is 
familiar with the faet that a . tumbler may bo 
tilled with water so full that the surface of the 
water is visibly higher than the edge of the 
tumbler, yet the water does not mn over ; 
tiiough, if the linger be applied to the edge of 
the tumbler and the surface of the w’ater be thus 
broken, some of it will run over the edge of the 
glass at the point where the finger was applied. 
This fact is a familiar illustration of the result 
of molecular attraction as it exists at the surface 
of a liquid. The technical name for it is surface 
tension, and its pow'er may be measured by 
measuring the force w'liic;h can be applied in 
such a way as to cut the surfaces of a liquid, 
but which, in virtue of surface tension, fails to 
do so. A thoroughly wtII gr(‘ascd needle, vorv 
gently placed on a still surface of water, will 
form a groove for itself, and lie on it without 
sinking. Now', how arc wo to explain this fact 
of surface tension ? Why does the surface of 
the liquid look as though it were covered with 
an clastic skin made of the same stuff as itself ? 
The surface of the litpiid is composed of a 
number of molecules, and these have the 
mutual relations whicth w'c have already de- 
scribed. Immediately above the free surface 
of the liquids, as in the case of the filled tumbler, 
there are innumerable molecules that constitute 
the various gases of the air. Now% if wc con- 
sider any molecule of the liquid, w'c see that it 
is attached by, and held to, the other molecules 
that are around and below it, whereas, on the 
other hand, it is not at all attracted — or, at any 
rate, not in anything like the same degree — by 
the gaseous molecules that are above it. 

Formation of Drops. This fact of 
surface tension explains not only the curved 
surface of water in a full tumbler, but also. 


for instance, the fact that when ^ater slowly^ 
falls it does so in drops. '.Fhe formation of; 
those drops and their curved external surface, 
depend upon the fact that all the moledules 
the liquid are, so to speak, bound to one another,' 
wdiilst no force from outside tends to counter- 
balance their mutual attractions. Hence the 
surffice of the liquid takes the shape which has 
the smallest possible area. Gravitation to some 
extern t compli(;ate8 the matter, so that often the 
drop is not completely spherical, but bulges a 
little at its lowest point. This familiar fact of 
surface tension has its uses, for upon it depends 
the process of making shot, which is accom- 
plished by allowing a quantity of molten lead 
to fall through a sieve from a height into water. 
Gravitation in this ease is negligible, and as the 
drops of load fall and cool they solidify in the 
spherical shape which is imposed upon them by 
surface tension. 

Results of Surface Tension, The 

case of water whose free surface is in contact 
with air is a simple and familiar one, but* 
the number of different conditions in which 
surface tension may display itself is endless. 
Take, for instance, the surface formed by the 
contact of a liquid and a solid. If the solid bo flat 
and perfectly free from grease, the various 
surface tensions are such as not to prevent many 
liquids from spreading themselves out upon 
it, or, as we say, wetting it ; but if w'c take such 
a liquid as mercury, the relations of surface 
t-ensiori Ixff w’(jen it and the air and a flat surface 
on which a drop of it may be placed are such 
that the drop retains its form, and does not W'ot 
the surfaces. Similarly, w'ater will not w'ct the 
surface if that be greasy. Briefly, w'C may note 
one or two other facts of surface tension — such 
as, for instances that a rise of temperatiiro 
diminishes tliis force, this being precisely what 
the ri'adcr would expect if lie recalls what has 
l)oen said as to the effects of temperature, or, 
rather, amount of heat, upon the movements and 
relations of molecules. Lastly, wc may refer 
to soap bubbles — bubbles which consist of thin 
films of soapy water arranged in bubble form 
under the intluence of surface tension — that is 
to say, the relation between the molecules of., 
the water and the soap in the mixture, and their 
greater attraction for one another as com* , 
pared with their attraction for the gaseouf 
molecules w'ithin and without the film whiefi 
constitutes the soap bubble. 
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ENGLAND 

The Lake District. Alung the Scottish 
Border are the Cheviot Hills, the link between 
the Southern Uplands of Scotland and tlu^ 
Northern Uplands of P’ngland. Their ro\inded 
summits rise to 2,500 ft. 'I'o thc^ south is 
the Eden Valley, with Carlisle, the centre of an 
agricultural district, controlling all routes north 
and south. The Shap Pass, about 1,000 ft., leads 
from the Eden to the Lune basin, and the plain of 
Lancashire. The Eden and Liinc; valleys almost 
separate the Cumbrian mountains of ( Cumberland 
and Westmorland from 
the Pennines proper, the 
Shap Fells uniting the 
two in the centre. The 
Lake District is a dis- 
trict of bare mountains, 
often with terrible preci- 
pices, and long valleys 
filled by beautiful lakes. 

InnumerabUi streams, fed 
by the constant lu'avy 
rains from the Atlantic, 
course down the moun- 
tain sides, leaping from 
crag to crag in the water- 
falls for which the dis- 
‘ trict is famous. 8kiddaw, 
rising above Lake Dcr- 
wentwater, Scafell, 
above Wastwater, and 
Helvollyn, near UIls- 
watcr, the grandest of tlie 
lakes, are all about 3,000 
ft. high. Tile climate is 
too wet and cold and the 
soil too s<"anty for agri- 
culture, but there is much 
sheep-farming. Summer 
brings thousands of tour- 
ists, who congregate at 
Keswick, on Derwent - 
water, and Ambleside, on 
Windermere, the largest 
of the lakes. Kendal, once famous for its 
woollens, still manufactures friezes, procuring 
its coal W canal from the Lancashire coalfield. 

The rennines* The Pennines run from the 
Scottish Border far into Derbyshire, with low- 
lands on either side extending to the sea. They 
are separated from the Cheviots by the Tyne 
valley in the north, and are divided into two 
masses by the Aire valley in the centre. Tlic 
scenery varies with the character of the rocks, 
and is most picturesque in the limestone. Much 
of the Pennines consists of hill pastures, diversi- 
fied by heather moors, and mosses or bogs. The 


highest points — Cross Fell, Bow Fell, Whernside, 
and Inglcborough — all north of the Aire, are 
between 2,()00 and 3,000 ft. The picturesque 
Peak District of Jhu-hysliire to the south is 
just over 2,(KM) ft. tlie rock is limestone 

mixed with millstone grit, a name whicli explains 
its(‘lf. “ The edges form wild, craggy clilTs, 
with deep river gorg(‘s winding far back into the 
heart of the plateau. The upper surface is 
cov(‘rod with a. considerable thickness of peat, 
through whicli bosses of grit project, which have 
been worn into wild and fantastic forms.” In 
tlie limi’stoncv districts of 
the Peak are imimmse 
c:i.v(*s, numerous und(‘r- 
ground rivers and steep- 
walled dales, ]ik(‘ Miller's 
Dale, near Buxton. 
iMincral springs octui* at 
Buxton and Matlock 
in the Peak, at Harrogate 
and llkley in Yorkshire, 
and elsewh(*r(* in the 
P('nniii(‘s. 

The Marginal 
Coalfields of the 
Pennines. On either 
sidi^ of these lonely up- 
lands are busy indusf rial 
r(‘gi()ns, darkened by day 
by the smokt^ of mill 
ebimneys, and lit up at 
night by the glare of blast 
furnaces, all fed by the 
coal which abounds on 
both flanks of the Pen- 
nines. 3'he iron industry 
in all its many branches, 
including sh ipbu ilding on 
the coast, is very general. 
Cotton, hrouglit across 
the Atlantic to Liverpool, 
and, since the cutting of 
the Ship Canal, to Man- 
chester, is manufactured 
on the South Lancasliiro coalfield. In the York- 
shire valleys opening from the eastern Pennines 
the woollen manufacture is important. 

The 'Western Fields. The Cumber- 
land coalfield extends along the sea from 
Maryport to Whitehaven, the workings round 
Workington being carried under the sea. To 
the south, in the rugged Furness district of 
North I.#anca8hire, on the margin of the Lake 
District, the abundance of red haematite iron 
has created the town of Barrow, which, 50 years 
ago, before the invention of the Bessemer process, 
was a fishing village. Among its many iron 
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IfiduBtries are f melting, shipbuilding, and the 
manufacture of ordnance, some works being on 
Walney Island, off the coast. Barrow is a busy 
port, and has steamer services to Irish Sea 
ports. 

The South Lancashire Fields. Lan- 
cashiro is flat and sandy along the coast, but 
rises to over 2, 000 ft. in tlie north and east. 
Kxcept on the coalHtdd, ^^hlch covers 400 s(|. 
miles bet\ieen the Kibble and tho Miu'sey, 
it is pastoral in the uplands, and agricul- 
tural in tho lowlands, rai.sing potatoes and 
oats. Lancaster, the county town, is hampered 
as a port by the silting of the Lune estuary. 
Heysham and Fleetwood, on tlic shallow Moro- 
cambe Hay, arc ports ami packet stations. 
Blackpool and Southport, north and south of 
the Kibble estuary, arc crowded seaside places. 
At the head of the Kibble estuary is Preston, 
with important docks, engineering works, and 
cotton mflls. Its frequent horse and cattle sales 
indicate its position on tho margin of the 
agricultural region. CVowded on the coallield to 
the south, and engaged in manufacturing cotton 
or iron (machinery, railw^ay plant, etc ), or both, 
^,<*6 (litheroe, Burnley, Blackburn, Bury, Bolton, 
8t. Helens, Oldham, VVanington, and Man- 
chester, wuth Stockport and Staleybridge over 
the Cheshire border. Manchester, the industrial 
capital of Northern England, is less a manu- 
facturing centre than a market. Its rival is 
Liverpool, with Birkenhead, near the mouth of 
the Mersey estuary, the focus of transatlantic 
trade and passenger traffic. Both the Liverpool 
and Birkenhead sides of the estuary are lined 
with docks and warehouses, which receive not 
only cotton, but grain, tobacco, leather, live and 
dead meat, and whatever tlic Atlantic (‘oasts 
of the New World have to stmd, in addition to 
produce from other jiarts of the world 

The Che,shire Plain and North Staf» 
fordshire Coalfleld. Tlic Cheshire plain, 
an extension of the Central English plain, 
opens a way between the Pennines and the 
Welsh mountains. Except on their margin, it 
is an undulating meadow region, noted for cattle 
and dairy product*, including CHicsliire cheese. 
Coal crops out in the east on the Peak margin, 
where silk and cotton are manufactured round 
Macclesfield. Kock salt is workctl round North - 
wich, Nantwich, and elsewhere. Coal becomes 
raoie abundant in North Staffordshire, where it 
supplies the pottery town.s, Bursleni, Hanley, 
Stoke-oa-Trent, etc., all making earthenware 
and ohina, 

Northumberland-Durham Coalfield. 

Both Northumberland and Durham are nigged 
in the west, where Cheviot sheep and Durham 
eat tie are lired. In the valleys opening to the 
icmiands barley, wheat, beans, turnips, and 
potatoes are grown in the rich clayey loam. 
Fislting towns and ports for coasting traffic 
dot tte coast. The chief river is the Tyne, 
wHh two head streams. North Tyne from 
the Cheviots, and South Tyne, which has 
eot a valley across the Pennines, followed 
by Newcastle to Carlisle. At its 


estuary are the Tyne porU^ Newcastle, T3nie- 
mottth, Jarrow, and South Shields, the outlet 
for tho manufactures of the rich coalfield. 
Tliese include iron in all branches, hemp and 
wire rope, glass, chemicals and pottery. Much 
<*oal is exported. Newcastle, with Gateshead on 
the opposite bank, is engaged in all these in- 
dustries. At Elswdck, a suburb, are the Armstrong 
ordnance works, where the most powerful guns 
arc made. Sunderland and tho Tjm© ports, 
Stoeklon and Middlesbrough, are similarly 
engaged in working up the iron which aliounds 
in the (Cleveland Hills of North Yorkshire. 
The combination of cheap coal and iron is 
rapidly attracting shipbuiMing away from the 
Thames, where freight makes both costly, and 
concentrating the industry on the Tyne and 
Tees. Darlington manufactures woollens and 
carpets, os well as iron and steel. In striking 
contrast to these smoky industrial towns is 
Durham, on a height above tlm Wear, with a 
glorious cathedral, and old-world streets and 
houses. 

The York, Derby, and Nottingham 
Coalfield. The eastern slopes of the 
Pennines are drained by a series of parallel 
rivers. Swale, l^rt‘, Nidd, Wharfe, Aire, and 
(^alder, whoso valleys gradually widen from 
narrow dales of wild beauty to broad and 
fertile lowlands. In these valleys, as in the 
Tweed basin, where the conditions are similar, 
the woollen manufacture has long been impor- 
tant. The wool was supplied by the hill 
pastures above, and the river was there to turn 
the mills. Now, especially in the Aire and 
Caldcr valleys, water power is replaced by 
steam. The Yorkshire coalfield, between the 
Aire and tlie Don, covers an area of 45 miles 
by 20. The chief woollen towns are Keighley, 
L^ds. Bradford, Huddersfield, Halifax, and 
Dewsbury. Linens are made at Tweeds and 
Barnsley. Cutlery, electro-plat© and hardware 
are made at Sheineld and Rotherham, near the 
borders of Derby and Nottingham. In these 
counties, both^ich in coal, the Pennine land- 
scape graduaflpgiyes place to that of the plain. 
On the Derbyshire'^ field collieries disfigure many 
a lovely valley. Silk is manufactured round 
Chesterfield, and in Derby, where brewing is 
also important. On the Nottingham field the 
manufactures are lace and hosiery, both carried 
on at Nottingham, on a tributary of the T^^t. 

The Vale of York. The rivers nakned 
above unite to form the Ouse, the maiii 
stream of which flows across the rich Vale 
of York parallel to the base of the Pennines.. 
From the east comes the Derwent, flowing 
Ix'tween the Yorkshire Moors, rich in iron, 
the Yorkshire Wolds, The Vale is very fertffe, . 
and both agriculture and dairy farming ore 
important. It is dotted with prosperona 
market towns. York, on tha O^, with 
remains of the Roman city and a magnifioeht 
cathedral, is the focus of the dwtrict, eotdi the 
seat of an archbishopric. In the rugged 
the towns are found along the coast, whkh* 
as far as F^mborougd^ Head) is high at^ 



|>ietur68qae, and dotted with seaside resorts, 
of which Whitby and Scarborougli are the most 
popnlar. South of Flamborough Head tho low 
district of Holdemess grows fine crops of wheat, 
beans, and hay, while barley and turnips do 
better on the higher Wolds. On the Humber, 
the broad estuary of the Yorkshire Ouse and 
the Trent are Goole and Hull, both busy fishing 
and trading ports and shipbuilding centres. 
Hull, besides an enormous trade by stnv with 
the chief ports of Western Europe, earries on 
a large number of flourishing industries. 'I'lio 
proximity of the Dogger banks makes tho 
fisheries important all along the coavst. 

The English Plain. We now pass from 
the uplands to the lowlands of England. Tn 
the north they are cloven by the Ponnines into tlio 
Lancasliire and Cheshire plain in the west, and 
the plain of Yorkshire on the etist. South of 
the Pennines they extend from tlio base of the 
western mountains to the North Sea, broken 
by occasional lines of heights. Here the 
population is concentrated, densely on the 
coalfields, more sparsely in the agricultural 
districts. The plain, outside tho coalfields, 
is dotted with numerous towns, many very 
ancient, sometimes with manufactures of some 
importance, hut always the focus of tho traffic, 
trade, and political life of the surrounding 
district. Before the days of railway's many, 
like Birmingham, Coventry and Norwich, had 
a very intense local life, and a highly inteUcctual 
society. Now London attracts tho Wst ele- 
ments, and provincial life is correspondingly 
impoverished. 

The Lincolnshire Fenlands. Lincoln- 
shire occupies tho angle between tho 
Humber and tho Wash. Much of it is a low 
plain, largely composed of fonland. Many 
canals and dykes have been cut to drain it, and 
along the sea it is often embanked to keep the 
sea out. In the centre the chalk, which covers 
much of southern England, crops out in the 
Lincolnshire Wolds, rounded hills with sheep 
pastures, and further west in the ridge of 
Lincoln Edge. Famous breeds of horses and 
cattla;are kept in tho rich, moist, low-lying 
mea^pv ... Com is largely grown. 

Some Typical Towns. Lincoln, the 
county town, an ancient city with a fine 
cathedral, is built on a height, where the Witham 
outs tibrough tho Lincoln Edge and becomes 
.navigable. Its industries illustrale the relation 
i of such a town to the district around. Ifs iron- 
works and manufactures of farming implements 
and machinery show how tho needs of a farming 
country^-create local industries to supply them. 
Its steam flour mills and breweries show how 
agricultural produce is locally worked up. In 
spring, a horse and cattle fair lasts several days, 
and there ore frequent com, wool, and stock 
ta9xket8» This illustrates the distributing centre. 

The Foss Dyke, from tho Witham, near Lin- 
coln, to the Trent, connects the counties of the 
Trent basin with Boston, on the Wash, at the 
mouth of the Witham, a fisdiing ^port, exporting 
:^tnp and manufacturing sailcloth, feather. 
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and ropes. Such industries, as well as lx)at- 
biiilding, are found in almost every coast town. 
Fishing is im|)ortant all along the coast. The 
chief market is Grimsby, near tho mouUi of 
the Humber, fix)m which fish trains run to tho 
inland towns. (Irimshy trades chieHy with tho 
North Sea and Baltic ports. Besides fish, it 
exports, among other things, cotton and rubber. 
These have been brought originally from 
African or American ja^rts to Liverpool, worked 
up on the Lincasliire coalfield, forwarded by 
the lint's which cross the IVnninos, and finally 
shippe^d from this Phist Coast port to the opposite 
shores of Europe. Of the imports, note butter, 
from the meadows of Denmark find Holland, 
and timber, from Scandinavia and the Baltic. 
The trade of (irimshy is thus an instructive 
commentary on its geographical position. 
The Header should similarly endeavour to think 
out for himself tho actual or possible relations 
of his own district to tho larger world without. 
A sub-port of (Jrimsby, eolleeting its exports 
and distributing its imyK)rts. is Gainsborough, 
on the Trent, an inland town on the map, 
hut really built where the river is still tidal. 
Here Baltic timber is stored in timber-yards, 
or sawn in saw-mills, while other commodities 
arc shifttMi from steamer to barge, or vict? versa, 
for the Trent is one of tli(j great arteries of 
east(*rn England. Jt ris(^s in the western 
Pennines, and Hows round their })ase, receiving; 
many trihutarit^s, of which those from the Peak! 
come down in lovely parallel dales and valleyii. 
It is navigiihlc as far as Burton, the famous 
browing town, in the very heart of England, 
which is thus, by mt'ans of the Trent and tho 
canals connected with it, broiigid. into direct 
communication witli the sea. 

The Midlands. Under this term we miy 
include tho shires of Northampton, Rutland, 
Huntingdon, Bedford and (■ambridge — drained 
to tho Wash — LoicestcT and Stafford in tho 
Trent basin, and Warwick in tho Severn basin, 
tho two latter containing tho Midland coalfield. 
Tho cast is the richest agricultural district of 
England. Of tho rest much is in grass, forming 
ideal hunting country, hunted by many famous 
packs. It is separated from tho Thames basin 
by the (A)t8wold and C^hiltorn Hills, with lower 
heights bt^twwm. In tho east the Welland, flow- 
ing past Stamford, tho Non, past tho cathedral 
city of Peterborough, and tho Groat Ouso, past 
Bedford, St. Iv(*8, and tho cathedral town of 
Ely, all rising at no great elevation, flow 
sluggishly to the Wash. Much of their basins 
consists of marsh and fen land, roclaimod at 
great expense by cutting innumerahlo canals 
and trenches, or dykes, and forming a rich, 
black mould of great fertility. The so-called 
Isle of Ely, consisting of somewhat higher ground, 
was anciently entirely cut off by marshes, 
whence its name. It is now the centre of a 
fruit and vegetable growing district, with jam 
factories. Cambridge, on a tributary of the 
Ouse, is a university city with fine mediaeval 
archit(M)ture. The basin of the Ouso contains 
some of the finest agricultural land in England, 
and wheat and other cereals are largely grown. 
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.Associated industries are stra^v -plaiting, round 
^IDunstable, in Bedfordshire, and brewing, which 
is very widely distributed. Dairy farming is 
almost as important. Stilton cheese is made 
near Melton Mowbray, in Txjicestershire, and 
other associated industries are the fattening of 
cattle for the London market, and the boot and 
shoe industry of Northampton, Ixiccster, and 
Kettering. The very fine, long, staple wool of 
the Leicester sheep makes hosiery an important 
manufacture at Leicester. Outside the coal 
area, Warwickshire pre- 
sents the same cha- 
racter. The county town 
is Warwick, with a 
famous castle on tlio 
Avon, near Leamington, 
with mineral springs, 
the ruined castle of 
Kenilworth, and Strat- 
ford, th(^ birthplace of 
our national poet. As 
Shakespeare’s country, 
it attracts many tour- 
ists. The cycle trade is 
important at (Coventry. 

All these counties, with 
their park - like land- 
scape, golden wlu‘at- 
lields, rich meadows, 
and anci(*nt, somewhat sleepy towns, seem little 
changed by the eoming of steam, and recall an 
England which has elsewhere largely disappeared. 

The Midland Coalfield. Very dif- 
ferent is the scene on the coalfields of North 
Warwickshire and South Statfordshire. Vege- 
tation is blastod, and a pall of smoke overhangs 
squalid towns of mean houses, little redeemed 
by the fine administrative buildings and the 
luxurious villas of the W(‘st end — the fashion- 
able, because, with our prevailing west winds, 
the least smoky quarter. Though known uurlor 
different names, thii various collieries all form 
part of one extensive field. Iron is everywhere 
abundant, and so is the limestone recpiircd as a 
flux. Iron smelting and the iron manufacture in all 
its (countless forms are carried on in a ring of iron 
towns rapidly growing into one unsightly whole 
— Birmingham, West Bromwich, \Vednesbury, 
Walsall, Wolverhampton, Bilston, Tipton, ancl 
others— forming wliat is fitly called the Black 
Country. 

£ast Anglia. East of the Midlands are 
the maritime counties of Norfolk and Suffolk, 
once part of East Anglia, with which we may 
include Essex outside the metropolitan area. 
All are, for the most part, flat, especially beside 
the sea, which encroaches on the land. Round 
the shallow Wash thousands of acres have been 
reclaimed. Beyond the Fen district, on the 
east coast of Norfolk, are the Broads, a region of 
shallow lakes and reedy marshes, teeming with 
wildfowl. Many rivers, rising in low heights to 
the west, flow east, opening to an estuary, with 
a port at the head, or mouth. Such are, among 
others, the Yare, with Yarmouth ; the Orwell, 
with Ipswich ; the Stour, with Harwich, the 
packet station for the Rhine and Elbe ports ; 
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the Colne, with Colchester. Similar in typo, 
but called to a greater destiny, is the Thames, 
with London. The whole region is engaged in 
(1) agriculture, growing cereals and other crops, 
especially a tine malting barley ; (2) grazing 
famous breeds of horses ; (3) fishing, with its 
accompanying industries; and (4) the tourist 
industry, which is important all round the 
coast. The centres of the herring fishery are 
Yarmouth and the artificial port of Lowe- 
stoft. Of inland towns, note the cathedral 
city of Norwich, on a 
tributary of the Yare ; 
and Chelmsford, on the 
Clielraer. 

The Thames 
Basin. The Cotswold 
1 Fills, with low^er heights 
to the north-east, sepa- 
rate the Thames from 
the Severn basin. They 
ris(i st(Hq)ly from the 
western plain, exposing 
tJieir bare limestone 
ribs, topped by short, 
dry pastures on which 
sheep are kept, and 
slope gradually lo the 
south-west. The main 
stream of tlie Thameis 
ris(‘.s near (’heltonham, and receives the Cots- 
wold streams, Wiridrush and Evenlode, from 
hilly pastoral districts, with small towns <*ngagccl 
in manufacfiiring the wool and skins they pro- 
duce. Thus gloves are made at Woodstock, 
and hlanU(‘ts at Witney on the Windrush. 
Oxford is built wluu'c' the Cherwell comes in, 
having risi*n iii the Northarnptonshiit* heights, 
and flowed almost due south. It is a famous 
university city of great antiquity and beauty. 
Ih^yoiid Its confluence with the I'hame, a few' 
miles below Oxford, the Thames cuts through 
th(? chalk, st'parating the Chiltern Hills on the 
nort h -east from the Marlhorougli, or White Horse 
Downs, on the west. At Reading it receives 
the Rennet, which flows in a valley between the 
chalk heights of Wiltshire and Berkshire. After 
passing near Windsor, with its famous Royal 
castle. th(* Thames receives tributaries from the 
Chilterns to the north, blowing iiorthwar4s, 
across the North Downs to the south, come the 
Wey, Mole, and Medway, forming gaps through 
these heights, which are used by the railways to 
the south coasts. In the picturesque lower 
reaches, Hampton (Joint, Twickenham, and 
Kew are names familiar to Londoners. Tbe 
houses grow more numerous, and the river 
wddens, until at London Bridge it is nep-rly 800 
feet wide. 

Lrondon. London, like Oxford, or Ely, was 
built originally among defensive marshes, on 
higher, tinner ground, and like Glasgow, at the 
lowest point at which the river could be bridged. 
A little above it grew up the city of Westminster,- 
round a much used ford. The two are now 
continuous, but have separate administrative 
bodies. To dtescribe London would require 
many pages. Its claims to rank as a beautiful 
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city are based on (1) St. PauVs, in the City of 
London, rising above the Thames, not far from 
the Tower, an ancient fortress and former Royal 
residence ; (2) the group of buildings fronting 
the river at Westminster, including the ancient 
Abbey and the Houses of Parliament, to which 
will soon be added the palatial home of the 
County Council on the opposite bank ; (3) a few 
fine streets opening west from Trafalgar Hqiiarc, 
considered one of the finest sites in Europe ; 
(4) the group of Royal parks in the fashionable 
west end. Beyond lies a wilderness of mean 
streets, extending miles in all directions. Beyond 
these again, on north, west, and south, are 
pleasant suburbs. London is one of the gr(‘at 
ports and markets of the world, and one of it.s 
chief financial centres. It is also the centre of 
national and imperial government, and the heart 

our world-wide empire. 

The Thames Estuary. In central 
London, the banks of the river arc embanked 
and planted with trees, forming pleasant pro- 
menades. East of these come wharves, ware- 
houses, docks, and the factories engaged in the 
many industries of a great seaport. Woolw'icli, 
on the right bank of the estuary, where the river 
is nearly twice as broad as at London Bridge, 
has an immense arsenal. Gravesend is a busy 
river port. Queenborough, on Sheppey, once an 
island, i.s a packet station for the Rhine ports. 
Shoeburyness, on the opposite bank, is a 
station far artillery practice. Sheerness, on 
Sheppey, strongly fortititKl, lia.s barracks, dock- 
yards, and arsenals. Chatham, at the mouth 
of the Medway, forming with the cathedral 
city of Rochester a single town, is the 
naval arsenal. lliere arc many cement 
and brick 
works in the 
nei gbbour- 
hood. Further 
east are nu- 
merous seaside 
resorts, Whii- 
stable, with 
^ oyster fishej*- 
ies, Herne 
Bay, Margate, 
and Pams- 
«ite. - Beyond 
Ramsgate, the 
chalk cliffs 
0 o n t i n u e 
in ter m i t • 
tently round 
the south 
coast as far as 
Lyme R^is, on the border of Dorscjt and Devon. 

The Channel Counties. Nearly all the 
towns just named are in Kent, often called the 
Garden of England. The Weald, formerly 
covered with forests between the N orth and South 
DowtkS, is very fertile. Cereals, fruit, and hop.s are 
0 |t>wn: On tne North Downs fine sheep are bred. 
T6wns am ndmerons, both inland and on the coast. 

on the Medway, in the centre of the 
ho^ d£itrict> has important breweries, Canter- 
l^ry, on the Stour, with a magnificent cathedral, 


is the ecclesiastical capital of England and scat 
of the chief archbishopric. On the coast are the 
ports of Deal, Dover, and Folkestone, the two 
latter Channel |)acket stations. Surrey, drained 
to the Thames by the Wey and Mole, which have 
cut gaps across the North Downs, has fine pine- 
w'ootl scenery. Sussex is drainctl to the (.'hannel 
by short rivers cutting through the South Downs. 
T'ow'ns are numerous, especially on the coast. 
Notice Hastings, Eastbourne, the packet station 
of Newhaven, Brighton, and Worthing. Chi- 
chester, a cathedral city, is coiinocted with the 
coast by a sliort canal. Hampshire, also a chalk 
county, is drained to the Channel by rivers flow- 
ing south from the Downs in the north. Note 
the indented coast, giving many good and two 
iuagnifi(!('nt harbours. I’ortsmouth Harbour bos 
an entrance I \ miles wide, and is our chief naval 
base in the Channel. It is very strongly fortified. 
Portsmouth i.s the garrison town, Portsea tluj 
naval dockyard. Land port the artisan quarter, 
and Southsea a watering-place. On the opposite 
side of the harlH)ur is Go8jx)rt. Portsmouth 
commands the entrance to Spithcad, which, wdth 
the Solent, separates the mainland from the 
garrlen Isle of Wight, with the inland capital of 
Newport, and many .summer resorts round the 
coa.st, inchiding the yaehting centr<^ of Cowes. 
Both these straits open to Southampton Water, 
the Ttehiri estuary, with the great j)ort of 
Southampton at its head. This is the packet 
station for most of our eolonicjs and for the ports 
of the Inrlian, Pacilie.and South Atlantic Oceans. 
The largest liners afloat can enter and leave at 
all states of the tide. lk)urn(‘mouth, with pine 
w'oods, is a winter resort. Inlaiul the chief town 
is Winchester, on the lUdiin, wif h an ancient 

cathedral. It 
was originally 
the capital of 
England. 

Dorset 
and Wilt, 
shire. Dorset 
and Wiltshire 
form the 
south -western 
extremity of 
the chalk 
heights which 
cross the Eng- 
lish lowlands. 
The rivers flow' 
south, cutting 
gaps through 
the chalk 
heights. At 
most of tlu^se, towns are built, some, like the 
cathedral city of Salisbury, of great antiquity. 
These) heights are known under many names, 
as, for example, Salisbury Plain, a moorland 
district on which is Stonehenge, an ancsient 
stone circle. Grazing and dairy farming arc 
imTOrtant in the valleys, both Dorset and 
Wiltshire butter and bacon being famous. The 
sheep fed on the hill pastures supply wool for 
the woollen manufactures of Trowbridge, Brad- 
ford, and other towns, carried on with coal from 
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at low water 
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Bristol coalfields. Fishing and seaside towns 
^ne the coast, the most fashionable being Wey* 
mouth. 

The West Country. vSomerset is a tran- 
sition county, resembling the Severn basin in the 
north, and in the Exmoor district passing into the 
scenery of Devon and Cornwall. It is a hilly 
county, with vales opening to the sea, the most 
fertile being the Vale of Taunton, famous for 
hops, fruit, and line wheat. Bath is built on 
the gorge of the Avon, where excellent skmc is 
quarried. Bristol, at the head of the Avon 
estuary, has long been a famous port. Early in 
our history it exported the wool of the sur- 
rounding sheep-farming counties, and supplied 
much of Catholic hhirope with fish. The dis- 
covery of America increased its imjjortance, and 
it now trades with every part of the world, 
especially across the Atlantic. Among its many 
manufactures are tobacco, (!a(^ao, sugar refining, 
all depending on its 
imports. Shipbuilding, 
engineering works, 
chemical works, ami 
soap and gla.ss making 
are among its otlier 
industries. 

Devon and Corn* 
wall. Devon and ( brn- 
v;all are maritime coun- 
ties. Much of the in- 
terior is high, bleak 
moorland, forming the 
highlands of Dartmoor 
(1,700 ft.), with hardy 
breeds of ponies, sheep, 
irnd cattle ; Exmoor, 
where deer ar<^ still semi- 
’vild ; and Bodmin Moor. 

Round these centres 
woollen towns lend to 
gi*ow up, as at Axinin- 
oter, in South Devon, 
where eartxjts are made*. 
lf.oniton, not far oil, 
makes lace. In the steep - 
sided valleys of)ening 
from the highlands the red earth is very 
fertile. Dairy farms and orchards supply 
Devonshire cream and Devonshire cider. The 
rivers enter the sea by picturesque winding 
estuaries, each with its fishing town. Notice 
.%tmstaple in North Devon, and in South 
Devon, Axmouth, Sidmouth, Exmouth on the 
Exc, with the cathedral city of Exeter, the 
capital of the West Country, higher up the river ; 
Tcignmouth, Dartmouth, and <^pecially Ply- 
mouth, built where.) the Tamar estuary forms 
Plymouth Sound. With Stonehousc and Devon- 
port, Plymouth ranks next to Portsmouth as a 
naval station, and rivals Southampton in its 
world-wide communications. 1 1 is strongly f orti - 
fied. Other coast towns art) Torquay, a winter 
resort on Tor Bay, opposite Brixham, the centre 
of the trawl fisheiy. Cornwall prospers mainly bv 
it« fisheries, including pilchard and mackerel, 
and its tourist traffic. The tin and copper mines 
famous in antiquity are now little worked, and 
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TIr* elevation of the land U shown by the tints. The 
darker the tint, the greater the elevation. I'he solid 
black shows the land over 3,000 feet 


many miners emigrate. The towns are chiefly 
on the coast. Falmouth Harbour, with Fal- 
mouth at the mouth, and Tniro at the head, 
recalls Plymouth Sound. Penzance and St. 
Ives lie in the extr(5me south-west, and are 
centres of pilchard fishing. The Scilly Isles, 
160 in number, but few inhabited, engage in 
fishing and in growing early vegetables and fruit. 

The Severn Basin. The Severn rises 
in a small Jake on Plynlimmon, in the heart 
of the Welsh Highlands, whose sheep pastures 
feed the woollen towns Newtown and Welsh- 
pool. Shrewsbury, commanding the route across 
Cheshire into North Wales, had one of the many 
castles built along the Welsh Border, or March, 
of which Ludlow, Monmouth, and Chepstow may 
also be mentioned. The Severn flows through a 
picturesque district, between the Shropshire and 
Stafford heights, where coal and iron are worked in 
Coalbrookdale, and some wool is manufactured, 
as at KidderniinstcM*, and 
then enters a. broad vale 
be t ween the M al vern Hills 
Miul the Forest of Dean 
on the west, and thestt^ep 
(V)ts wolds on the cast. 
On the right bank pic- 
ttiresqiie tributaries de- 
scend from the Welsh 
Highlands. The Teme 
flows past Ludlow, and 
enters the Severn not far 
below the cathedral city 
of Worcester, with 
famous ]:K)rcelain works. 
The Wye, from Plyn- 
limmon, rivalling the 
Rhine in Ujauty, flows 
by the cathedral city of 
Ifereford, in a hop and 
orchard country, Mon- 
mouth, Tintern, and 
Chepstow to the estuary, 
which the< Usk, with 
Newport as its port, also 
enters. On the left bank 
sluggish streams cross 
the central plains from low heights which separate 
the Severn basin from those of the Ti’cnt and the 
Wash rivers. The Avon, the largest, flows by 
Warwick and Evesham, in a rich orchard country, 
to the Severn at Tewkesbury. Wool is manu- 
factured in Stroud and other Cotswold towns, with 
coal from th(» Forest of Dean, which also supplies 
Worcester. Cheltenham has mineral springs and 
famous schools. Gloucester, at the head of 
tidal navigation, with a fine cathedral, is a port. 
The Severn Bridge, nearly a mile long, crosses 
the estuary at Sharpness, and further south a 
tunnel, 4^ miles long, carries the lines for Wales 
below the bed of the river. 

WALES 

Much of Wales consists of mountains ov^r 
2,000 ft. high, with the longer slope and longer 
rivers to the east, and the short slope and 
shorter rivers to the west. North Wales is 
higher, bleaker, more picturesque, and more 
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bhMy J^pl^ than South Wales, where the 
lowlands are more extensive, and coal and iron 
are abundant. 

North Wales. North Wales consists of the 
[counties of Anglesey, Carnarvon, Denbigh, 
Flint, Merioneth, and Montgomery, nearly all 
rugged. In the north-west Snowdon rises to 
over 3,600 ft., with magnificent precipice, lake 
and valley scenery. The (I'onway valh'y, with 
CJonway, and the fertile Vale of dwyd, with 
Rhyl, open to the northern lowland. Hetween 
the two is Llandudno, crowded with visitors in 
summer. Tlie lowland is broa<lc8t in the island 
of Anglesey, separated from the mainland hy 
Menai Strait, crossed by a tubular bridge, with 
Bangor and Beaumaris on opposittj sides of 
the strait. Holyhead, on Holy Island, west of 
Anglesey, is the mail-packet station for Ireland. 

The Dee Valley. An important break in 
the mountains of North Wales is made by the 
Dee, which rises among mountains just undt'r 
3,000 ft., not far from Bala Lake, the largest 
in Wales. It opens to the Flint lowland, with 
the collieries of Kuabon and Wrexham, and 
leads to the English BordtT at Chester, not far 
from the head of the estuary, which commands 
the route to the English plain, and has l>een 
important since Roman times. Its ancient 
streets, with their covered arcades, and its 
mediaeval walls and lowers, preserve for us a. 
typical Old Engli.sh city. 

The West Coast. Here w'e find the 
familiar occupations of fishing and the summer 
tourist industry carried on by Alwirystwith, 
and many other tow'iis, ('ach at the mouth of a 
picturesque valley opening to the sea. The 


same type continues along the South Wales 
coast. Summer brings prosperity, the winter 
usually privation, and much loss of life in the 
south-westerly^ gales. 

South Wales. South Wales consistB of 
(Cardigan, Pembroke, Carmarthen. Glamorgan, 
Breclmock, and Radnor. Tlio highest parts are 
in ('artiigan, where Plyulimmon separates the 
Severn and Wyc from the rivers flowing east 
and south, and in Radnor and Brecknock, where 
the mountains rise to over 2, (MX) ft. On tho 
Avest coast are Cardigan, at the mouth of tho 
Teifi valley, and Fishguard, which tradi*s with 
the opposite coast of Ireland, and Avill soon 
bt'eome an important packet station. 

A broad lowland fringes the south coast, tree- 
less in the west, where it fronts the Atlantic 
gales, but rich and fertile in the Vale of (5la- 
inorgan. -The coast is deeply cut into bays, tho 
finest harbour being Milford llavi'ii, on which 
is Pembroke, with tloekyards, and New Milford, 
wdienee tho South Irish mail steamei’S start 
at present. Long, parallel valleys descend to 
the coast of the Bristol Cliaiincl ; the Tawe, 
with Swansea; tho Neath, with Neath; the 
Taff, with Cardiff, and others. In the west 
sheep-farming is the chief ocTupation, but in 
Glamorgan the valUtys are alive with colliery 
and furnace. The South Wales coal is s{X‘-ciaHy 
good for smelting and for sti'am coal, and 
immense quantities are exported, much for 
naval pur}K)ses, from I.«lanelly, Swanseti, CVrdilf, 
Barry, and smalltT ports. Iron is abundant, 
but of poor quality, and the great ironworks of 
Merthyr Tydvil, and the copper works of 
Swansea, are largely fed by imported ore brought 
to the ports at the valley mouths. 


Contin ued 
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Clays and Clay Deposits. Iron and Brick Colours. Brick- 

H| 

making by Hand and Machine. Fire Clay and Fire Bricks 

By CLAYTON BEADLE and HENRY P. STEVENS 


origin of the art of brickmaiting dates 
back to remote ages, and is, indeed, one of 
the very oldest of the erafts. Any pi istic earth 
whieh can bo moulded and sun-dried or baked 
may bo made into a brick. In all prob ibility Die 
first bricks made wen^ only sun dric'd, although 
among the earliest ruins of Egypt and (hald.ea 
may be found not only the sun-dried but abo 
the properly burnt bricks, lIiTodotu.s tells us 
that the walls of Babylon were built of bricks 
made from clay dug from the trenches, and 
in Mesopotamia there are enormous mounds, all 
that remains of hriek-huilb cities. If these 
bricks bo examiiu'd it will be found that the 
outer layers are usually burnt bricks, while 
those on the inner side of Die walls, when^ tlu^y 
would not be subject to the action of water, 
were made of sun-dried bricks. Alany of these 
bricks were covered with stucco to protect 
them. Of course, siin-dricd bricks were miieli 
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inoro easily de.stroyed than, those projxTly 
baked — indeed, we may read in ancient history 
that towns have been captured by invading 
armies whp diverted a stream to run around 
the walls, which, being made of sun-dried 
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bricks, were soon washed away. Although in 
Egypt most of the temples were built of granite 
oi similar rocks, bri(;k,s were very much used 
for many of the buildings, and there still stand 
brick Pyramids, such as that of Sakkarah. 
The Biblical stories of the Children of .Israel 
forced to make bricks are well known to all. 
'J'hese bricks seem to have been sun-dried 
bricks, and were moulded from material made 
by throwing cut straw, mud, and water into a 
pit and treading until sufficiently well “ pugged.” 

Another example of the use of a mixture of 
burnt c.nd unburnt bricks is to be found in the 
(freat Wall oT (hina, and in Spain the sun-dried 
brick is often used at the present day. The 
Komans were jirohahly the first to burn bricks 
in kilns, and tlu^ art seems to have been lost, at 
any rate in this conn fry, as no trace of brick 
Imilding.s is to be found between the time of the 
oeenpalion of the Romans and the thirteenth 
century. 

BricKmaKing Clays. Tht^ olays or brick 
earths vary in nature aec^ording as they 
hav(* lieon dc'posited by rivcTs, lakes, or seas. 

Where deposited by 
rivers or lakes {flvvia- 
tile or Incmtrine), they 
form only small de- 
})osits, varying very 
much in charaeter 
in dilTeront localities. 

Take, for 
instance, 
brick- 
fields in 
any part 
of Surrey 
or Kent. 
Two samples from a 
bed will very seldom 
analyse alike ; the 
composition will vary 
at every inch, and so 
will the size and 
shape of the beds. 
One deposit may bo 
only a few feet deep 
and, if followed for 
a short dis- 
tance, will 
tail of! and 
disappear ; 
while^ an- 
other, which 
is scarcely noticeable, will broaden out into a deep 
biid. The Reading brick clay area is an example of 
lacustrine deposit. The marine deposits are notable 
for their great depths and uniformity, brought 
about by the uniform and regular action of the sea. 
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The big clay deposit in the Mid- 
lands known as the Oxford clay, 
and so much used for bricks in 
the neighbourhood of Peterborough, 
is a marine deposit. Analyses of the 
clay, taken at varying depths, all 
ihow much the same figures, and 
the extension of this deposit, whi< h 
crops up again in France, scarcely 
varies from that dug in England 
It will be readily understood that 
the marine clays are tr(*at<‘d foi 
brickmaking on quite different lines 
from the South of liinglaiid clays, 
which, are of fluviatilo or lacustrine 
origin — deposited by the agency 
of rivers or lakes. In the former ease, 
powerful plant and big machinery 
are employed. The clay vanes so 
little that it may be taken out tor 
brickmaking witli the certainty that , 
once having secured the right con- 
ditions, it will always give the same 
excellent results. On the other hand, 
in the South of England small liand 
machinery is lx?tter adapted to work 
the deposits, which have to ho dug 
and carefully mixed, so as to get 
the desirable consistency. 

Classification of Clays. ( lays 
can be roughly classified into plastic, 
or strong clays, loams, or mild clays, 
and marles, or calcareous clays 
In the first class, among the 
plastic, or strong clays, we may put 
the purer clays, although the pmest of them bricks from within twenty feet of the top ot a 
all, kaolin, or china clay, is never so plastic stiwk ; they wer(‘ intact, rilthough the mortar 
os some of the others. Tlu* Oxford day was i educed to slinu' 

belongs to this type. It has, however, some The stiong class of days are often irapioved 
disadvantages, as it contains much sulphur, in by judicious admixture wuth oth(*r substances, 
the form ot iron pyrites. Generally speaking, brnkmaking days are 

In the course of burning the bricks, sulphur- composed of other matLii.ils in addition to the 
ous fumes are given off in large quantity, and silicate of alumina, or true day suhstanci*. 
tend to bring about the formation of sulphuric They contain oxid' s and j»hos])hates of iron, 
acid. This has a tendency to weather out ot the and occasionally organic matter, non pyrites, 
brick, causing the latter to go to pieces. The etc. The organic matter is the residue of the 
corrosive action of the sulphurous fumes is very putrefaction of (‘xtinct vegctabli* and animal 
’ life. 
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Loams contain, besides the clay proper, an 
admixture of sand, while the marles eontaiti 
calcium carbonate, or chalk. 

These tw^o lalt(*r days arc more commonly 
met with in the South of EngLind, often thin 
layers of sand and clay occuriing alternately 
with admixtures of the two. 

Yellow, Red, and Blue Bricks. In 
many cases the colour of a brick affects the 
Rclling price more than anything 

3 *1 1 IlJUJij t*lse— cbpecially where a brick is 

^ required for facing — with the 

-j result that colour ofUm takes 

” BRICKS precedence to soundness. 


noticeable in its effect on the chimney stacks 
which create the draught in the kilns. The 
acid attacks the mortar between the bricks, and 
in the Peterborough district the stacks are 
constantly udder repair. We examined some 


Now, the whole range of colour 
in bricks is due almost entirely to iron, in 
some form or other. If a day, consisting of 
more or less pure silicate of alumina, contains 
1 per cent, or less of iron, the burnt brick will 
be white. As the proportion of iron increases, 
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colour will pass from yellow to orange, and 
then to red. With 5 or 6 per cent, of oxide of 
iron, a good deep red will be obtained. With 
larger proportions of iron, the colour is still 
d3eper. 

The colour is also better developed by stronger 
firing. If the brick will stand it, and there 1m> 
enough iron, the colour of the brick will pass 
from red to blue, and oven to brown or black. 
The Staffordshire blue bricks, so much used for 
engineering work, are well-known exarnjdes of 
the case in point. 

Manganese, a metal allied to iron, also affects 
the colour of the brick, produiung a hroAvn shade, 
but the proportion of manganese in thc^ clay is 
so small that it can usually 1)0 left out of account. 

Modification of Colour. The colour is 
also much modified by the presence of carbo- 
nates of lime and magnesia, and the condition in 
which the iron its(‘lf is present will also affect the 
colour, so that a knowh'dge of the percentage 
<iif iron in a sample of clay will not indicate 
accurately what colour the burnt brick will be. 

A reference to the course on Chemistry will 
show that iron, in the chemical sense, may lx* in 
either the ferrous, or the f(‘rric state. It is in 
the latter form that it colours the brick. 

The most important factors which affect the 
colour. of a brick have been summed up by 
the (lerraan ch<miist Seger, wIh/ niad(‘ a life 
study of clays and their iis(‘ in making bricks 
and porcelain. 

They are 

1. Quantity 
oxide of iron. 

2. Other consti- 
tuents accompany- 
ing the iron. 

11. TJio composi- 
tion of tlic tire 
gases. 




5. SEMI -DRY OR DRY PRESS ^ 

BRICK MAKTNO PLANT Vjf',''' 

4. The degree of “ vitrification.'' 

5. Temperature at which they arc 
burnt. 

The presence of carbonate of lime 
bleaches the colour of bricks, and they burn to 
a yellow tone, as, for instance, in the case of 
the well-known London stocks. Three per cent, 
of chalk w:ill neutralise I per cent, of iron, and 
give a yellow instead of a red brick. 
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4 . PLAN AND ELEVATION 
OF .iohnson's “stiff 
plastic” BRICKMAKINO 
‘ ' ‘ PLANT 

Some lire gases sijoil the colour of the brick, 
by prodiK'iiig an uneven, mottl(*d appearance. 
This is due to th<^ gases containing sulpliur 
dioxide, carbon mono.xidt?, and othei* reducing 
substances, which convert the ferric- iron to 
ferrous on the surface. 

Clays with Calcium Carbonate. 

Before leaving the subject of tlR3 composition of 
brick clays, we must say something 
more about the effect produced by 
calcium carbonate on bricks made 
from brick earths which contain it. 
It will often be found stated that 
the clays which effervesce strongly 
with acids are unsuitable for brick- 
making. This is not always the 
case ; at all events, if 
the calcium carbon- 
' . - vv ^ ate is finely divided 
■ - v and distributed uni- 

formly throughout the 
■. ; mass. Lumps, or nodules, 

' ■ ; of limestone are un- 

doubtedly harmful. As 
the calcium carbonate 
lowers the melting point 
of the clay, it promotes 
' ■ the slight amount of 

vitrification or fusion necessary in making a 
sound brick. Tw^onty -five per cent, of calcium 
carbonate may be allowed if the brick be 
well burnt. Such clays can be worked into 
a bar for hand brickmaking, with 20 to 
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24 per cent, of water reckoned on the 
weight of dry substance, whereas tlio strong 
clays, free from lime, require 25 to 30 per cent, 
of water. These points have to Imj taktm into 
consideration when w^orking the clay in the ])ug 
mill. In the process of burning, caloan'ous clays 
give of! carbon dioxide, which modifies tin* st ruc- 
ture or nature of the brick to a considerable 
extent, as the escaping gas leaves the brick full of 
tiny holes, and makes it mor<i porous. In many 
cases, such a brick will stand the weather much 
better than a dense, smooth brick. Water 
which may pormeatt^ into the interstices will in 
cold weather do little harm when it expands on 
freezing [see Piiysk^s], while with a close, hard 
brick there are still mnumeral)l<i minute cracks 
and fissures which absorb water readily, so that 
when a frost comes the water freezes and rapidly 
disintegrates the brick. 

Hand-made BricKs. This is carried on 
mostly in the South of Kngland, and is suited to 
che small deposits of vary- 
ing composition. 

Clays are first dug and, if 
too strong, are mixed with 
the right proportion of sand 
or poorer clays by heaping 
them in layers one on the 
top of the other. When 
carted aw'ay to be worked 
up, the men are careful to 
dig through all the layers, 
and cait away the diflerent 
ingredients in the right pro- 
portions. If the clay contain 
flints, chalk, or piec(‘s of 
rock, it has to be washed. 

For this purpose, it was 
formerly the custom to dig 
a hole 3 ft. deep, termed a 
Ixick, or pa7i. The clay 
was washed out of the mass 
into this pan, with suffieu iit 
Avatei, and left to itself long 
enough to allow the elay to 
settle. The water ivas drained 
off, and the material dug out. 

Nowadays model ii mills are 
providec^ with washing pans having the form 
of a ciicular trougli. Revolving arms are 
fixed to a vertical staff in the middle of the 
trough, and carry harrows suspended by chains. 
When they are driven round, the harrows 
churn up the mass of water and elay, which is 
run off, leaving the deposit of stones, unbroken 
lumps, etc., on the bottom. The general 
principle, however, is exactly tlie same aKS in 
the old-fashioned pits. [See also Cement.] 

Weathering and 'Tempering, Before 
the clay is mixed with water, or tempeml, as it 
is termed, it is allowed to weather^ by exjjosing 
it to the air. This weathering, is of the utmost 
importance where hand-made bricks are manu- 
facture^ njid where the machinery is not 
sufficiently powerful to break down lumps of 
hard rock into which water will not penetrate. 
Frosty weather is I»est suited for weathering, 
owing to the small quantities of water which 
lA '*•8 


permeate the crevices, expanding and splitting 
the stone when frozen. The weathered elay 
is carted to the pug mill, where it is mixed 
with the right (pmutity of water and ground 
to a uniform pasty mass, or puipjed, 

Tlie old pug mills consisted of pits sunk into 
the ground in which the clay was stirred up by a 
r(5Volving arm worked by a sleepy old horse. 
In a moih'vn pug mill, the motive power is 
derived from au tuigirie. The mill consists of a 
large j)an in which r(»volves a vertical shaft, 
fitted wTth tw’o horizontal knives. In tlu* 
bottom of the pan is an opening for lotting out 
the pugged clay, and there is a s(?raper at the 
bottom of the shaft for emptying. 

When the elay is suHieiently pugged, it is ready 
for moulding. This used to be doin' in hand 
moulds of iron or wood, but modt'rn machines 
have largely taken tlie place of such primitive 
plant [s(‘e il]. However, owing to the cost, of 
transporting bih'ks, and tlu^ fact that in the 
South of Kngland small 
cpiantities of suitable clay 
crop up in numerous parts 
whore the installation of ex- 
pi'nsivo machinery would 
not pay, large quantities of 
crude, hantl-madc bricks are 
still prodiKJod. 

Wire-cut BricKs. In 
modc'rn plants the elay is 
fi^d between powerful steel 
rollers, placed directly over 
the pug mill, which is ofU'U 
arranged horizon ta lly . 

The plant in the illustra- 
tions [1, 2. and 3Jfor working 
on this system is constructed 
by Messrs. Win. Johnson & 
Sons, of liCeds. On the 
(!xtr(*me right - hand side 
may be s(*en one of the 
trolk'ys in which the clay is 
brought up from the pit. It 
runs on rails wliieh slope 
down to that ])art of the 
pit where the clay is being 
worked. U'lu*n the trolley 
is full, it is drawn up by an (‘udless chain, 
passing roand a pulley, seen on the right- 
hand side of the drawing, dlie elay i.s tipped, 
generally by an automatic arrangement, into 
the j>an, of a type of edge runiKU', termed 
a tempering pan. pan is made to revolve 

by suitable (;ogs, and the elay is ground by the 
heavy rollers seen on the upper floor in 2, 
where the plant is shown in transverse 
section. Ihe clay passes through small holes 
in the bottom of the pan, and is delivered to the 
rollers shown on the ground floor, which crush all 
stones, and the clay yiassi'S thence into the pug 
mill, where it is formed into a (adumn or bar by 
the c‘xpre.ssion rollers, dhe bar is delivered on to 
a table, on which is a frame jmividc'd with a 
number of vertical steel wires, which can be 
moved horizontally by means of a lever. By 
this means the wires are driven through the bar 
of clay, cutting it up info separate bricks, 
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exAi^ly as in a soap>cutting frame, or when down again into the pit to be filled afreslL The 

a grocer cuts cheese with a wire. The cutting workmen dig at the side or bottom of the pitv andt . 

table is seen diagrammatically on the right- occasionally loosen tbe clay by firing smaU 

hand side of 3; on the left-hand side are the quantities of gunpowder at the bottom ^ bore 

mixer and crushing rolls. holes. 

Atiother System. Another arrang<‘nicnt. As the pit is enlarged, care must be taken to 
due to Messrs. Whittaker & Co., Ltd., for the remove the earth and soil round the top, BO that 

production of wire-cut bricks is worked on the it does not fall in and contaminate the clay. A 

following system. good deal of trouble is sometimes experience by 

'Hie clay is delivered into the grinding mill. the entrance of water, which must be pumped 
This consists of two out when necessary. In- 

hcavy steel rollers rest- deed, it is almost im- 

ing on a pan, the bottom - tt — r~ ft i" 1 ' I " )L continue 

of which is made up in working during very wet 

steel plates provided h i iii«dhi|||f>i«.>> >i>|{|||^^ taken 

with small perforations 7. Robinson’s air-hkatbr and fan to the grinding mill 
up to J in. in diameter, [see 4], a little water 

and the whole pan revolves, being actuated by being sometimes added to it. The construction 

the cogwheel above. This plant is similar in of the grinding mill has already been described. 


eonstniction to Messrs. Johnson's plant as The clay is worked so dry that it falls to 
shown in the figures. powder in the band. As l^eforc, it falls through 

The clay is effectively ground, and when small the perforated pan of the grinding mill 

enough passes througli the holes into the plate and is carried up by an elevator, whence it 

and collects in a pit, from whence it is carried up passes through the {)iano wire screens, and thence 

by the elevator to a screen This consists of a to the j»rcss. The clay is ft'd int-o the mould of 

sloping box with a bottom composed of a number the brickmaking machine proper, where it is 

of piano wires 
stretched length- 
ways. The clay 
which passes be- 
tween the wires 
is conducted into 
<-he mixer, while 
the tailingSj or 
larger unreduced 
lumps, pass over 

and are rc^«rr-ed 8. Robinson’s hot-air chamber for drying bricks m 6. 





Kept not oy 
steam. The clay, 
in a semi - diy 
condition, is sub- 
jected by power- 
ful levers to a 
pressure of seve- 
ral tons. A 
brio km ak ing 
press is shown 


into the grinding All sorts of 

mill. Ill the mixer the water is added, and waste materials can be used for making bricks, 

the clay worked up to a plastic mass. The such as stone chippings, clinker, slate refuse, 

mass is delivered into the pug mill, where, after blast furnace slag, or sand, reduced to a suitably 

treatment, it is thrust out on to the cutting fine powder by powerful machinery, and bonded 

table, ami divided into bricks as already cx- with lime or cement. 

plained. The green bricks by this process have The compressed brick is automatically do 
to be dried before they can be put into the kiln. livered to a table. Sometimes as much as 80 tons 

Where possible, tliis is got over by working the pressure is put on the brick, and, although the 

clay semi-dry [5], or by the so caJlcd semi- material was quite powdery as fed into the 

plastic [4] process. . press, it is now compressed 

Machine-moulded t U into a solid brick [6], which 

Bricks. Tlic pits from holds together sufficiently to 

which the clay is dug are ■ handled, and can be put 

often very extensive — huge | | direct into the kiln without 

excavations in the earth, I previous drying ; ' whereas 

sometimes 200 ft. deep. The ' | ^ x f / ; l bricks prepared by the plastic 

pit slants gently downwards | process require to be dried 

from the macliine house, f)ll- *0 before they can be put into 

where the bricks arc made, 9. double-chamber system of the kjln. 

Mid a number of narrow- brick drying BHck Drying. This 

gauged trolley lines run drying process used always 

iowh to the bottom of the pit or clay hole. to be carried out in the air, the bricks 

rhe tubs or small waggons into which the being piled upon each other in rows, in such ; 

?lay is loaded at the bottom of the pit are a way as to be exposed to the a^ as much 

hauled up by endless chains worked by a pulley as possible, and covered with a screen or ro0f 

}onnected with the main shafting. When to keep oflf the direct heat of the sun. If fhlly 

khey arrive at the top of the gradient, the clay exposed to the sun they would dry top rapidly, 

s tipp^ out by an automa-tic arrangement, and would almost certainly drack. There is 

4s fast as fhe waggons are emptied, they are run tendency, however, to replace drying in the t 
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Open by sp oiaJ drying-rooms, one form of 
which* conati iicted by K. Robinson, we may now 
de-cribo. 

lu the heater [7], the main feature is the 
spiial diaphrapn. Steam is admitted inside 
the parallel system of tubes, and the wind, 
driven in by the fan, circulates througli tbiun, 
and travels about four times the outside length 
of the cylinders. The etfect of this is to give 
a very high efficiency, and a large volunu^ of 
air can thus be heated to ‘2.“)() F., or high(‘r, if 
required. Either live or exhaust st(‘am can 
bo used. If the former, a steam trap is con- 
nected, HO that only th»^ steam actually con- 
densed is used. 

A medium-sized heater of this kind is about 
12 feet long by 2 ft. in diameter, and its air 


between them. Thc's fan, not shown lu'iv, 
would bo tixed at A [S]. It is represented as 
viewed from one side. From either side of the 
heater there is a branch i)ipe which is carried 
along the centre of each room. Thus the 
lu'ater has a separate blast couiu'ctiou into both 
rooms, and by imvins of a blast gat(? on (‘ach 
side the (‘urrent of Aviiul may he entirely shut 
olT from one room and tlu^ whole of it turned 
into the oth(*r room. Tliis construction has 
the advantages that one heater and fan s(*rves 
for two rooms, one of which can b(; cooled down, 
cleared and relilled, whilst, the drying proces.s 
is going on in the other room. 

In one of th(' rooms |91. a double tier of bricks 
is setm stacked. The upper ti»u’ rests upon 
shelves of open latticed Avoodwork. These are 





10. Osman’s modification of tiik hofkman kiln 
A. Longitudinal elevation ainl secrion. It. Knd elevation. ('. !*lan. I). Transverse stMdion 


inlet and outlet are attached to suit any desired 
position. Here it is placed uiid.*r a floor, as 
illustratcid in 8 and 9. 

For drying bricks in a long, narrow room, 
as in 8, a trunk blast-pipe is carried from the 
heater along the centre, under the floor. This 
pipe is provided with a series of orifices, so 
proportioned as to disperse a blast of wind 
uniformly throughout the whole length of the 
building. A board of triangular shape is arranged 
over the discharging orifices, as seem in 9, and 
the arrows indicate the way in which the blast 
is dispersed. 

Use of Double Chamber. It will be 
seen that in the arrangement illustrated in 9 
a pair of rooms are built side by side, 
with a heater standing under the partition 


readily n'movt‘d and replaced for clearing or 
stacking. At B an* shoAvn st(*am- pipes for 
Huppl(‘mcntary heating. 

Tiiis system of drying applies to wire -cut 
and such bricks as are handled in the way 
indicated. It will be und.Tstood, liowever, 
that this apparatu.s is equally adapted for 
what is known as the progre.ssivc, or .1 li C 
mode of working, whore the bricks are stacked 
on cars and run into the dryer on rails. In 
the latter case it is necessary to excavaU? tlio 
ground, putting all heating appliances Inflow, 
and leaving a level surface for the car track. It 
is generally necessaiy to supplement any blast 
system of brick-drying with some steam-pipos 
und>r the floor. Thesi* are shown at 1^ in 9. 
As a rule motive poAver for d iving the fan is 

1‘2S> 
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available in tho day time, and it ift necessary 
xSo maintain some heat. The two independent 
systems are very convenient for utilising exhaust 
steam, and when this is turned into the pipes, 
very little live steam in the blast heater will be 
su^^cient to ensure drying as rapidly as most 
clays will stand without cracking. By running 
the fan only during the day, and by allowing 
the room to cool do>\Ti at night, bricks of the 
most delicate clay can be rapidly dried without 
cracking. 

The Sturtevant System. Ihider ordi- 
nary circumstances, a good d(^al of heat 
must be left in the kiln gases in ordc^r to produce 
sufficient draught in the chimney. This is 
economised by the Sturtevant. system, which 
draws these hot gases through drying chambers 
or tunnels in which the bricks arc placed. The 
induced draught is produced by means of a fan. 
So constnictcd, there is no need to build a 
chimney stack, as the fan (ireates the necessary 
draught and has tlie advantage of being easily 
regulated. The method is arranged to suit the 
type of brick. If the latter arc very soft they 
will dry on the floor of the chambers, but it is 
usually preferable to place them on the stielvcs 
of tnicks w'hich artj run into the 
tunnels, the hot air passing 
through lengthways. Some bricks 
require drying very slowly, while 
with otliers the drying may he 
forced. 

Brick Burning. Tiie old 
method of burning bricks in 
stacks in tho open without- any 
proper kiln, is still largely prac- 
tised, especially where, in order 
to meet local requirements, 
building operations are pro- 
ceeding on the spot, and the 
clay deposit is only a small one. 

Tho green or unburnt bricks w'ill 
usually he those made by hand. They arc 
built up into a stack, or pile, with layers of fine 
coal between layers of bricks. A hole is left 
near the bottom for tiring, and spacres are left 
to form air-holes and produce the necessary 
draught. As many as 50,000 bricks can be 
burnt in one operation. Tne heaps should be 
protected from prevalent winds by luting the 
' crevices with clay or placing hurdles thatched 
with straw against the sid ^s. 

The burning takes sevtTal days, and the hot 
gases and flames find their way through the 
crevices and air-holes, <ivontually escaping at 
the top of the heap. As might be expected in 
such a primitive arrang<mierit, many of the 
bricks are very unevenly burnt. The temperature 
on tho inside is much liigher than necessary, 
and there bricks are sometimes over-burnt ; 
while on tlie outside they are not sufficiently 
heated and are under- burnt. 

Burning in kilns is an im{>rovement upon this 
method. The first kilns were of simple con- 
struction, and intermittent in their action — 
that is to say, when the bricks were burnt the 
kiln was allowed to cool down, the burnt bricks 
drawn, andS’eplaced by fresh green bricks. As 
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the kiln could not be entered until it had cooled , 
down, most of the heat given of! by the cooling 
bricks was lost. 

Modem kilns are built on the continuous 
principle— that is to say, the heat given of! 
during burning and cooling serves to drive out ^ 
moisture and give the preliminary heating to the 
gretm bricks. The original continuous kiln 
was invented by Hoffmann, and the first kiln 
in this country is said to have been erected at 
Round wood Bri(!k Works, near Wakefield, 
where it is still in use. A modern form of this 
kiln, as modificxl by Osman, is shown in the 
diagram [10]. 

The Modern Kiln. In principle it 
consists of an oval framewwk, roofed in and 
dividtxl by a centre partition, forming a con- 
tinuous tunnel, separated into chambers, usually 
seven or eight on each side, in w^hich the bricks 
are burnt. The lire travels continuously round 
theat* tunnels, and when the heat is at a maxi- 
mum in, say, chamber 2, the opposite chamber, 
9, will be cold. The heat produced in chamber 
2, passing on through chambers 3 and 4, etc., 
heats these in turn ; and when the fire has 
travelled round sufficiently far, chamber 2 will 
have cooled sufficiently for the 
burnt bricks to be taken out and 
replaced by green ones. 

Tlu^ draught is produced by 
the chimney, but the esca-ping 
gases have given up most of 
their hc^at in drying and bui*ning 
the bricks, so that they have 
cooled to a temperature of 150 
to 200'’ F. before they reach the 
chimney. 'i'he great economy 
effected will be evident, as none 
of the heat is lost, and only 
enough left in the escaping gases 
to produce the necessaiy draught. 
I'he fuel is fed into the kiln 
througli small holes, termed feeding holes, 
situated in the arched loof. Tliese are seen 
at /, to fj, [10], C and I). 

The line coal, or slack, used drops down 
apm’cs or pockets left in tho bricks as stacked 
ill the chamber underneath. Care is also taken 
to pile the bricks with spaces between them, 
so as to allow for the necessary draught ; and 
they are usually arranged in blades, or loosely built 
walls, about 1 in. apart, with spaces about 2 in. 
wide, termed traces, running longitudinally, to 
take the draught through the bricks. 

The Osman Kiln. The Osman kiln, 
shown [10] consists of fourteen chambers. !Baoli 
chamber has a doorway (A), termed a wicket, 
through which the bricks are taken when setting 
or drawing. Each chamber is also provided with 
what is termed a damper-ojpening (B), which 
conveys the draught through the ohambor to 
the main fine (C), running round the kiln under - 
the outside wall, and connected with the chixoney. , 
Tlie walls separating the chanibers^are 
temporary, and contain holes corre^pondhig' 
to the traces. As the hea^t of the chambers is 
drawn forward it passes through these opjNiings - 
into the next chamber. 
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Supposing that tire is burning, say, in chamber 
1, chambers 2, 3, 4, and 5 may be filled with the 
green bricks. The dampers corresj>onding to 
these chambers will be closed, whih* 5 will bo 
open, so that the hot gases from 1, passing 
through 2, 3, 4, and 5, reach the chimney 
through the flue (C^). To prevent cold air in 
6 chamber rushing back and checking the 
draught at 5 damper, the trace-hole o])oninga 
in the drop wall of 0 are blocked up by 
pasting paper over them. This pap(M‘ will 
gradually burn away when the heat is sufti- 
ciently far advanced. When this happens, the 
damper of 5 is closed and that of G opened. 
The holes in the wall between 6 and 7 art' 
pasted up as Indore. In this way the heat 
gradually advances through the chambers ; those 
in front being continuously tilled up with fresh 
green bricks, while those behind are einptic‘d 
of burnt bricks as soon as they are cool enough. 
There is an outlet ((jI) from each cliamlxT, so 
that the steam gradually driven off from the 
green bricks is taken from the ehainbcr at the 
top and drawn into the main flue and away 
to the chimney. This steam, if allowed to pass 
through the chambers ahead, would condense 
on the green bricks, e*ausing them to soften and 
crush, and would also affect the colour of the 
brick. Tt is necessary to draw off* tliis moisture 
slowly and gently, so as not to crack the grocm 
bri(?k8 ; and to effect this the wast<^ heat 
through the cooling chambers is drawn upwards 
through the outlet H, and along a branch flue 
which joins the central hot air tliu? at J. The 
heated air is thence carried down into the 
chambers at K, containing gn^c'u bricks, in 
advance of those aettially burnt. The moisture 
driv<m off leaves at the point G, reaching the 
main flue C. When tlie bricks are taken out 
they are ready for use. 

Fire-clays and Fire-bricKs. Such 
bricks fuse at a very high bmipc^rature, and are 
prepared from special heat -resisting clays. 
They wdll stand tomperatures at which ordinary 
bricks would melt and flow like water. Many 
natural clays are found suitable for their manu- 
facture. 'Hiey usually consist of silica and 
alumina, hut contain very little iron, lime, or 
alkalies, as the presence of all these substances 
tends to lower the melting point of the brick. 

Many natural tire -clays are worked for making 
this class of brick. Such clays are obtained 
from Dowlais, Stourbridge, and other places. 

Dinas bricks^ made from dinas clay found in 
Wales, consist almost entirely of silica, and 
artiticial bricks have been prepared on the 
same lines by mixing silica with about 1 per 
cent, of lime. Canister, a fire - brick of a 
highly refractory nature, is used for lining 
furnaces. 

Much of the fire-clay used in this country comes 
from Stourbridge, but excellent material is also 
obtained from Northumberland, Lancashire, 
Warwickshire, and South Wales. 

Many fire-clays are found underlying coal 


seams, and are hence frequent ly termcMi under efatj. 
They are usually of dark greenish-grey colour, and 
of dense consistoney. 'I'hoy are generally mined 
in the same manner as coal. When brought to 
the snrfari', tlu' clay is spreail in even layers, and 
allowed to remain S(‘veral months, that it may 
become thoroughly “ weat hen^d,” a ft it which it 
is taken to a wash mill and work(‘d until the mass 
attains a regular eonsisti iuy. It is run out into 
settling hacks, and when the water has evapo- 
rati'd, the mass is cut up and moulded. 

'lo give an idea of th(‘ chemical composition 
of fire clays, w(? app(‘nd the following analysis of 
Stourbridge clay : 


Silica 


Aliiriiiiia . . 

22 ’20 

Magnesia . . 

• IS 

Lime 

•14 

Oxulo of in)n 

1 • 1)2 

Vota.sh 

• IS 

Phosphoric acid . . 

•o« 

W’nfccr 

1)'2S 

Organic matter . . 

• ns 


1)1) • «4 


Good fire-bricks may he nuuk* from tlie refuse 
of china vhiy and quartz sand. Such bricks 
will consist almost entirely of silica and alumina, 
w'ith not much more than 2 per cent, of other 
ingredi(‘nts. 

How to Measure Temperature of 
the Kiln. Jt is often of cnnsiderable import- 
ance, and of gn'at practical to measure 

the temperature's of the brick kiln, se) as to 
secure ('V('n and regular firing— a gre'at desider- 
atum in jiractical working. The 1om))('raturo of 
the kiln is so high that it is not possible to 
measure it by ordinary the'rmometers, an<l 
th<‘r(5 are a number of sjx'cial dejviet's which an^ 
employed for this purpose. Among these, somt* 
of th<' most sensitive and aeourate are constructed 
to work electrically. Many of them depend on 
the rcjsistanee a wire ofi’t'rs to electric current, as 
the higher the tompf'ratun' the greater the 
resistance ; hut for briekmaking and allied 
Industrie's simpler contrivances are ofU'n used, 
as, for instance, the Soger cone, whie*h depends 
for its action on the exjiansion of a piece of fire- 
brick when it gets heated in the kiln. 

Another appliance is the Watkin Heat 
Recorder. It is simply a block of very refrac- 
tory ware, with five? re?cesses or shallow cavities 
sunk into its top face, in winch are placed small 
jK'llets of varying fusibility, and of definite 
composition and me'lting points. The actual 
temj)(.?raturo expressed in degrees on the Centi- 
grade anrl Fahrenheit scales is given in the tables 
used with the recorders. 

The'y are provideel with a spee?ial wrapper, 
which serves tei retain the loose pellets in their 
places, and which is not removed before firing, 
as it readily burns away. After firing, it does 
not matter if the loose? fadlets drop out, as those' 
pieof^s which fuse will always remain attached to 
the recorders, and from these the temperatures 
are read. 


Brkktnaking conclmJed 
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IB done for him. This means a great saving of 
time to the guest. It is not designed, however, 
wholly for the convenience of tlie latter. The 
wages of domestic servants in the Tnited States 
are high ; it is cheaper, liotel proprietors find, 
to bear the initial outlay n(‘0i'ssarv for the 
installation of this instrument than to employ 
an unlimited number of messengers to run about 
from tloor to floor and from room to room. This 
instrument, or something of its eharacter, ought 
to bo in the office of every man who has upon 
his premises a large number of (‘mpIoye<s. and 
needs freciuentl}^ to be in touch with tho.so 
responsible for the conduct of the several 
departments. T.ine saved is money gained. 

The Gleaner’s Harvest. The man who 

will take the trouble to re-ex])lore lieUis in 
which he is no longer a pioneer will And a rich 
harvest for the gleaning. Lord Rayleigli stands 
in the very foreground of the worUl’s scientists. 
What has he done ? The work which places Jiim, 
with Lord Kelvin and Sir George Stokc's, in the 
ranks of the greatest physicists of the age, has 
been well summarised in a couple of 8entcnee.s : “ A 
great part of his theoretical work consists in re- 
surveying things supposed to he already known, 
and elaborating their theory into precision and 
completeness. Tn this way he haf^ gone over a 
groat portion of tlie field of physics, and in many 
cases has either said the last word for the time 
being, or else started now and fruitful develop- 
ments.” If our giants can stoop to laborious, 
paiiiFtaking work, which to many a young 
student would seem humdrum, the youthful 
worker with ambition and new ideas need not b<» 
ashamed to seek the golden grain wln're men 
before them have applied th(' sic^kle. 

Not only may wti st‘ck improvements of in- 
ventions already before the world. There is 
profitable return in h''(‘king now applications of 
those inventions. The cinematograph and 
kindred mechanisms have been, until rjuito 
recently, the toy of the promoter of entertain- 
ments. Their usi*. in pres(Tving for posterity 
historic sj^ectacles of our own day has, of course, 
been recognised, but their value to science and 
ordinary education lias been overlooked. 

’ A New Educational Factor. Now, 
however, it is found that the cinematograph 
may be a toost valuabk*. adjunct to the lecture, 
illustrating scientific processes, surgical opera- 
tions, and what not. The idem is capable of 
development in many ways, dut there is a 
considerable barrier in the way of its immediate 
popular application — the cost is excessive. The 
films for the negatives now cost, it is found, 
at the rate of a sovereign for every minute of 
exposure. That makes the common use of the 
cinematograph prohibitive. A newer, cheaper 
substance is sought. When that comes, every 
school, every lecture-hall, may have its studies 
of special subjects illustrated by this wonderful 
handmaid of science. The eye is a wonderful aid 
to assimilation of knowledge. 

A child will learn by oar to utter a sequence 
of sounds to represent certain ideas, and will 
repeat such sound- with some pretence at accu- 


racy. If that child ho asked to write out wbal 
it lias learnt the result will bo ludicrous. We 
spell by the eye. In any average company of a 
dozen persons not six will be able to spell verbally 
any ordinary word which has a curious spidling. 
But they will writer that word correctly, in 
doubt as to a spelling, a man instinctively takes 
up pencil and paper and writ('S it. If the letters 
are not set down in convimtional order, the 
eye, that diligent servant, at once dtdecds the 
mistake, though the <‘ar cannot.. The eine- 
matograph would 1 m* an invaluable aid to tlie 
eye and make instruction more easy and more 
attractive. But its general application to such 
methods is commercially impossible until we get 
cheaper films. The old ground must be gone 
over again, but more thoroughly. 

Doubling the Microscope’s Use. 

Allot h«‘r exeelh'ut example of the result of re- 
exploration comes to hand in a new addition 
to the functions of the microscope. All these 
years we have had to be conli'iit with having 
one field of observation at a time. If two 
objects were to be compared, they must bo 
oxaminiid separati‘ly. It was infinitely laborious 
and tedious, and comparison coidd not be as 
exact as the careful man would wish. But dili- 
gent s(‘('kers havij hi'cn toiling away in the old 
paths, and si‘em about to win their reward. 
A new attaebiuent is being tried which will 
give the microscopist two fields of observation 
at oruM*. The old stereosco})o used to give us 
two pieture.s to form one iiiuhs’ the influence of 
th(‘ lenh. Tliis new apparatus reverses the 
process, and miablis the two ey(‘S simultaneously 
to have two fields under microscopic observation. 
For eom|)arativo work this will, of course, he 
invaluable, and the time saved to the micro- 
seopist devoted to work of this character will bo 
practically doubled. 

The story of sulplniric acid is anotlu'r illu- 
minating (‘xamph*. Two proc('ss(*s, both very 
old, have been in use with but scanty modifi- 
cations, as well on the Gontinent as in Fngland, 
The Englisli in(‘thod has involv(‘d the erection 
of vast chambers of lead, bound together with 
a mighty framework of timber, and elevated 
upon arches of masonry each several feet above 
the ground. This process has been unwieldy ; 
it has consumed space unnecessarily, and 
it frequently only succeeded in yielding an 
acid highly (iiarged with impurities. The cir- 
cumstances have constituted an insistent call 
upon the attention of the inventive. 

The Call of Necessity. When Queen 
Viedoria came to the throne we looked entirely 
to Sicily for the supply of sulphur, out 
of which to manufacture our sulphuric acid. 
A year after that event, howTver, the Sicilian 
Government established a monopoly of the 
sulphur trade. The result was an immediate 
and heavy advance in price. Human ingenuity, 
when put to the test, can generally get round, 
or over, a wall which it cannot go through ; it 
did in this case. Sicilian sulphur failing, 
chemists cast about for a new substance, and 
iron pyrites proved the thing required. Ever 
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then iron pyrites has encroaehed upon the 
preserve of sulphur, and to-day Is infinitely 
more in requisition than the original substance. 
But there has always been the objection that in 
it are foreign substances, the most deleterious 
being arsenical compounds, which render it 
inapplicable for many purjioses. 

At last two persevering students in a chemieal 
‘laboratory have solved the problem. The Jiuge 
and clumsy chamber is to disappear. A 
new process has been ('\olved. Hy forcing 
different gases througli a tube containing 
platinum -asbestos, the aeid is formed by 
what the chemist knows as catalytic action. 
(Jatalysis is a term in physics full of mystery 
and fascination, which tin* student will study 
in other courses of the Self-Edi c ator. Here 
it operates in a very small apparatus, produces 
a pure acid, is already commereially w^orkod, 
and, at a step, foreshadows a complete revolu- 
tion in the industry. For it is an industry to 
itself, this making of sulphuric acid. Great 
<piantitiea are required for the manufacture of 
Roda, for bleaching, for calico-printing and 
dyeing. The manufacturer finds it indisjiens- 
nble; the chemist requires it for the laln^ratory ; 
the medical praefitioner could not make up 
his medicines without it. iSo universal is 
its use that men have been content to regard 
the last word as said in its method of pro- 
duction. 

The New Photography. The system 
^already described comes under the heading 
,'of contact process. A more popular apjilication 
of the contact process relates to photograpliy. 
By the new method the photographer runs 
over his negative a solution of ether con- 
taining hydrogen peroxide. Here, again, cata- 
ilysis operates in its b(*w'ilderingly arbitrary 
way, but all for good. Whenever the silver on 
the negative is reduced, tli<‘ hydrogen p<*roxide 
is immediately destroyed, but wliere the 
silver is not rediUMsl, the hydrogem peroxid<» is 
not destroyed. The consequence is that when 
a negative so treated is brought in oontaet with 
(.sensitised paper it produces practically the 
same change in that paper which would have 
resulted from the I'xposure of the latter to the 
sun. The sun is no longer neci'ssary for print- 
'ing-out ! To how many thousands of amateur 
photographers, permitted daily only fragment- 
ary leisure, may this prove a boon. Not only 
does it save their time ; it will tend vastly 
to save their pockets, for, instead of the costly 
sensitised papers now^ employed, a much leas 
expensive one will be possible. 

Such IS some of the gold from old mines. The 


latter are far from exhausted. Note the advauco 
in steam -raising which has occurred within the 
days of men not yet in their prinje. A score of 
years ago the normal pressure for a boiler was 
about 50 lb. to the square inch. Men have 
worked steadily at improvements, and to-day 
th(‘ modern installation has 180 lb. pressure 
to the square inch. Again, twenty years ago, 
ordinary wet steam was employed, steam just 
as it came from the lioiler. To-day the steam 
has to be superheated through a temperature 
of 1 80 degrees Fahrenheit. At lirst it was tried 
as gas, but to-day this superheated steam with 
th(' pressure indicated is the steam by which 
our engines are driven. Vet twenty years ago 
the engineers thought perfection was expressed 
in the apparatus then at their disposal. 

The ScientiHc Farmer. There is 
another field which has not yet been exhaust- 
ively exploited — th<‘ field over which the dairy 
farmer is lord. As it has been already 
pointed out, new methods are sought for the 
distribution of pure milk in centres of population. 
Wo have to deal not with effect but cause ; not 
to lament the saU* of milk injurious to health, 
but to st'curc that milk shall not become un- 
healthy in condition before sale. Very rightly 
the hand of the law descends upon the man 
who has recourse to “ preservatives ” so-called. 
Pasteur gave his time in vain to the study of 
this question if at this day “ Pasteurising ” of 
milk has been forgotten or ignored. By this 
metliod milk can safely kept long enough 
for its distribution in a sweet and sound con- 
dition. Its use is slowly being adopted in 
England. But the English farmer leaves with 
rehietance the rut in which his forbears trod. 
He grumbles at the sale of foreign butter, but 
refuses to recognise, or at any rate to alter, 
the fact tliat his “ fresh ” butter wmU not keep. 
With every desire to eneourago the sale of 
the home-made butter, than which at its best 
none in the* world is better, we all know that 
the English product is apt all too soon to go 
rancid. The reason, apparently, is that the 
maker either does not take the trouble, or has 
not the means necessary, to eliminate the butter- 
milk whose “ turning ” spoils the whole supply 
of butter. Yet it can be done in this country. 
'Jlie dairy farmi'r wall have to recognise the 
importance of co-operating so that he can 
hav«% in a central part of the area to which he 
belongs, a “ creanuTy ” to which he and his 
neiglilx)urs can send their milk; and there, 
with the Ix'st of plant, have their butter and 
(*hei*Ke made, and the good name of the 
English material re-establishtd. 


Ideas Concluded 



TRACING AND CUTTING OUT BOYS’ SUITS 

Group 9 

DRESS 

- Drafting Sleeves, Vest and Knickers. Tracing the Pattern. 

9 

How to Place the Pattern on the Cloth. Cutting Out 

TAII.CIlllN(i 

ConlinuiMl ttvin p. 1117 


By Mrs. W. H. SMITH and AZELINE LEWIS 


A" X. 


M \ 



1* 

X- 





The Sleeve. For this a piece of paper 
19 in. by 9 in. is needed; 2 in. down frpm 
top and 1 in. in from edge, draw two paralUd 
lines, half the breast measure apart (dj in.). 

Letter the comers A and B. C is midway 
between A and B : (J to 1), 1 in. ; A U) E, 
same distance as J'^ to 0% in Back Draft 
[ 10 , page 1112]. 

E to F is one-fourth ; F to G the same ; F 
to H, } in. ; B to I, 1 in. ; A to J, length 
of sleeve, omitting width of back [see broken 
line, 15]. 

Stpiare a line out from J, J to K, 1 in. ; K 
to L, one-third of breast, plus J in. M is mid- 
way between K and E ; square; elbow line out 
from M ; M to N, 

J in. Curve top of 

sleeve from E, . 

through G and D A" 

to B, and from E x. (j 

through H to I. 

Slightly curve from 
I to within 2^ in. to 
elbow line. (Jurve 
from E through N 

toK. 1 

Pockets. 2 in. \J 

out and down from 
3 draw a line 4| in. I 

for pocket opening ; 1 j 

for position, see I I 

diagram. The flap 1 1 

is U in, deep [15]. or- 

Vest. Working 1 

scale half breast 1 

(13 in.), half waist 1 

(13 in.); J in. turn- 

ings are allowed on j 1 

all seam* but if the ^ , ^ 

cloth is very thick \ 

allow J in. extra on ' 

fronts. 

Hrafting the 17. drafting of vest 

Vest. This method 

of drafting vests will be found n.ost useful, it 
being ao arranged that it will fit either the 
smallest or the largest sizes that would l)e 
calM for [17]. 

Begin the drafting as for coat. 

A to E, 14 in. ; D to E, IJ in., or length 
" required ,* D to I>, J in. Curve from | in. in 
from E, through to B. Back line to O, 
one-third of breast, plus 1 J in. (5} in.), to F, 
two-thirds ( 8 | in.), on to G, half breast ; to 
' H, 2 in. more than the measure. G line to 
IJ in* ; to I, one-twelfth. D is mid- 
•wtiy between back lino and H. 

V Draw line from I*, 2 in. below waist line, 
and make K ; 1 and 2 are ^ in. to right and 


left of lino K. Draw lines from K through I, 
to D, also through 2 to same point, and from 
K to E. Curve from I*' through I to J line. 
Make a dot .1 in. to right of F, square down to 
waist line and make 3 ; 3 to P, half waist 
(6J in.), draw line from H through P to bott(»m 
of paper ; curve from H to within } in. of H'‘ 
(or lower if desired) ; continue neck, shouklor, 
and armhole curves as in 15. 

P to 4, 2 in. ; P to 5, 3.J in. Draw line 
from .5 to K ; f) to 0, J in. ; draw line from 
6 to 4. K line divides the vest. 

The Ordinary length of slit, or (>p(*ning at side, 
is 2 in. ; this should be left in all vt'sts to 
allow of the expansion of 2 in. which takes 
place when sit ting For posi- 
M*' tion of pocket, si'o diagram. 

Knickers. Waist 26 in., 
M \ ’ length 18 in , 

inside leg 10 in. 


. Working scale half 

\ N /Tn waist and half seat; 
y.vY 1 I in. turnings are 

\ I allowed on all seams. 

\ j First draw a line 

pM 1 1 2 in. in from edge 

A V/; 1 paper. 1 lo 2, 

i G, M side length (18 in.); 

/ I 2 to A, inside leg 

\ (10 in.). This will 

1 l(*ave 8 in. for the 
rise of body. Square 
.... S line from A about 

' lOA in. ; A to B, half 

^ seat (7 in.); A to C, 

two-thirds (9.J in.) ; 

i /' C lo 1> onc-twclfth. 

y ' B to B" one-twelfth. 

1 Square line from 
I B, rai.siug the ruler 

i ^ .J in. above A ; if 

I this is omitted the 

’ VEST 7^^ knickers will be too 

tight in front waist. 
B to 3, half-seat, plus 1 in. ; 3 to 4, 2 in. Draw 
lines from 3 and 4 to side line ; B to E. one- 
third of scat and I in. (r>'{ in.) ; A to F, 

quarter of seat (3^ in.) ; E lo F‘ half seat and 
l.i in. 1 18]. 

The Seat Angle. Draw line from C 
through E, make G 3 in. up from line 4 ; 
spring out J in. and connect to back line ; 
3 to H, half waist ; from back line to T, half 
waist and 1 in. ; ba^k line to J, half waist 
and i in. ; 4 to K the same. Draw line across 
top of seat angle in. out and down from G. 

The Leg» 2 to I/, 1 in. ; L to M in., 
or width round the knee required ; draw lino 
from M to C, gradually curve from M to D. 
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Draw Jino from L through F'‘ and slightly 
curve through f to J ; draw line from J to G ; 
and curve from K through H to A, curving 
slightly to the right of F. (Gradually curve 
from K through to C, and from F to D. 

TRACING THE PATTERN 

Either a stiletto or a single tracing- wheel and 
a stiff sheet of paper are required. Lay the 
drafting on the paper, and plac(? something heavy 
on it to prevent its moving. 

Front. Trace from 1 tliroiigh .‘1 to round 
the armhole, shoulder, neck curve, front and 
bottom. Mark pocket openings and inset mark 
for slec^ve J in. uj) from bust-line on armhole 
curve. Itemove the drafting and cut out the 
part traced [16]. 

Back. Trace from K through 2 to I and J ; 
from J to A'* ; A’* to A, and A to E \ and along 
bottom E*" to K. Remove the drafting and cut 
out. I and 1“ must be placed together when 
making. 

Sleeve. Upper part. Trace from K through 
N, E, G, D, B, and thence down to L, and 
along to K. Cut out. 

Under part. From K through N, E. H, I, O, 
and L to K, and cut out [16|. 

Vest. Front. Tiiis can be simply cut from 
K through 2 to T'‘ , and round t he armhole, 
shoulder, neck, and front from 4 to 0 and on 
to K 117]. 

Back. From K through 1 to 1“ , thence to I 
round armhole, shovdder, and neck, and from 
A to D'^, and E’‘ to K. 

Knickers. Front. Trace the bottom first 
from L through M on to C through B'‘ to 4 ; 
from 4 to K, II, and outsid(^ F to !.» fl8]. 

Be sure to trace from If to 3 and A to C. 
Remove the draft, and cut out. 

Back. Replace the draft on another piece 
of paper, trace hottom from L to M, on to f) 
through hi to G ; then to J through F' to L. 
Mark the seat-line from outside? A to D and 
also I and J, as the latter join to K and H in 
making. 

This system of obtaining the pattern from the 
draft is simplified for beginners ; we are not 
dealing with those who have learned Tailoring 
and Cutting, We shall, however, advjince as we 
draft, and make larger garments. 

When cutting out the back, remember to add 
on the triangular piece which has been taken off 
in the front draft — i.c., from 1 to K. 

Placing Pattern on the Cloth. The 
matorial should be laid on the table wdth the 
fold towards the worker. Press out all creases 
before laying on the pattern. In every instance 
the cloth should be tried to ascertain if there is 
a pile. Place the pattern so that the pile runs 
from right to left. l.J to 2 yd. of 50 or 54 in. 
cloth will be required [19]. 

The necessary linings and trimmings for boy’s, 
suit are as follows ; 

For Coat and Vest : § yd. of Italian, or 1 J yd. 
of Sateen, 1 yd. Silesia for sleeves and inside 
lining of vest, } yd. black Silesia for pockets, 
} yd., black linen, } yd. of canvas, ^ doz. coat 
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and .J doz. vest buttons to match, a small reel of 
machine silk for the edges of fronts and cuffs, 
J yd. of twist, No. 8, and two reels of cotton. 
Nos. 30 and 36. 

For Knickers : Twice their length will be 
required, and .J yd. of strong Silesia or pocketing.- 
For the machine, a reel of Knox’s fine machine 
thread, or No. 10 to 24 cotton for the bobbin or 
shuttle, and No. 30 for the top, .t doz. large and 
\ doz. small buttons, and a packet of tailor’s 
needle.s. No. 4 to S. 

The pattern should now bo outlined wdth 
chalk. 

Coat. Mark I and I*, the waist-line on back 
and front [2 and 3 in 15], and the pocket- 
openings. The back is generally placed to the 
fold. Now mark all round the pattern, leaving 
an inlay of J of an inch on the shoulder, and 
just a little from N' to M\ also an inlay on the 
front side seam. Mark the inset for sleeve | in. 
up from bust-line on armhole curve. The 
facings must be joined, and should go into the 
shoulder ; they are about 3 in. wide at the 
bottom. About 1 in. should be left on bottom 
of coat [19] for turn-up or inlay. 

Sleeve. It is advisable to leave an inlay 
of .t in. on the back seams, and on the bottoms 
quite 2.yin. 

Vest. The fronts only are cut in cloth. 
Chalk all round the front, also the pocket- 
opening. The facings should be I h in. wide, and 
taken from seam to shoulder ri9i: 

The back is generally made of good black 
Silesia, and the lining of a light one. 

Knickers. In chalking, the pocket facings 
can be hdt on, from IT to F, and F‘ to I, about 
I in. This will save trouble in making. 

A good inlay must be left on the back, as 
from G to D [18]. The scat and w'aist-lines, an 
from 3 to IT, must be marked. It is advisabb? 
to k*ave inlays, or turnings, on the side and 
inside seams, and from l.\ to 2 in. at the bottom, 
if cloth permits. 

The suit is now ready to cut out and thread- 
mark. 

Thread * marking. This is the first 
operation after the parts are cut out. Beginners 
should remc^mber that there are two pieces of 
cloth, and that only one is chalk-marked, the 
other being outlined by the process about to be 
described. 

Take a No. 5 or 6 needle threaded with double 
tacking cotton, without knot [see 4 , p. 1111], 
Take care to have the stitches as small as 
possible, and 4 in. apart, round the neck and 
armhole curves. Having cut the loops between 
the stitches, cut the threads between the cloth, 
raising the top piece very carefully, and allowing 
only sufficient room for the scissors to snip the 
cotton that holds them together, so that the 
stitches are not pulled out. Wien this is 
finished, each piece will hold the thread-marks, 
and so indicate the outline of the pattern. 

The seams are taken J in. inside the thread 
marks, or inturns, the uses of which are evident 
when any alteration has to be made. Be sure 
to thread-mark the pockets, also position of 
buttons and holes. 
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Cut edges 


BacK« This must bo thread-marked in the 
same way as the front. It is advisable for 
beginners to practise thread- 
marking on two pieces of cloth, 
as it is an absolute necessity for 
good tailoring. The sleeves, vest, 
and knickers are thrcad-m»ii‘kt‘d on 
all chalk-marks. 

The PocKets. When thr 
various portions are thread- 
marked, the first process is that 
of making the pockets. Two 
pieces of cloth ana t-wo of lining 
are required for the flaps, (ht 
thorn } in. longer, and } in. wider, 
than marked in 15, then prepare 
in the following maimer. 

Baste each piece of cloth on its 
corresponding lining through the 
centre to within J in. of each end 
[20]. Taek round the edge, begin- 
ning at the top right-hand eorm^r, 
keeping the cloth i in. in from 
lining, and fulling the cloth on at 
the corners about 1 in. on either 
side. This allows it to S(‘l fist on 
the right side, which it would not 
do if the lining were loost*, when 
the flaps w'ould curl up instead of 
under. Machine round llu^ edge 
quite close to the tacking, tlien jiarc away 
the lining even with the cloth. 

Take out the tackings ; turn the flap, 
working the corners out evenly and sharply 
with a bodkin ; tack the two raw 
edges together and baste round, 
working tlie cloth over the edg(^ 
all round, so that the scam will lie 
i in. underneath when tinished [21]. 

Place a cloth over and press on 
the wrong side, then machine round 
A in. from the edge. Mark the 
depth of flap (in this case 1^ in.) 
with a piece of chalk or white 
cotton. 

Tjike the left front, place it 
right side uppermost, and re 
mark the pocket-opening 
exactly me same length as 
flap ; turn over, take a 
strip of strong linen, 2 in. 
wide and 2 in. longer than 
the opening, make a crease 
through the centre, and place 
this on the thread-marks, leaving 
1 in. at either end ; haste all 
round and turn the front over [22]. 

Take a piece of str«)ng Silesia, 2 in. 
wider than pocket-opening, and 
long enough to escape the bottom 
by 1 in. ; baste a strip of cloth 
1 in. wide along the top [23], and 
stitch along the Tower edge to secure 
the raw e<^e 6f cloth to pocket. 

Now place the top edge (cloth 
facing underneath) close to the thread-marks 
, of openings and baste to coat front { in. below 
^ the fatter [24]. Next put the flap on the front. 
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lining uppermost, with the chalk lino J in. 
above the thread-marks ; baste in {)ositjon, and 
stitch on chalk-line and along the 
lower part of oj)ening i in. from 
thread-marks [24]. 

Cut along the thread-marks <o 
within [ in. of oponing. and snip 
the corners at both tuids about 
J in. on either sidc^ fo form a V 
f26|. 

iVi(!k the Silesia at either end 
to allow file pocket to turn over 
properly, remove tlio tackings 
round the; opening, and turn 
the pock4d^ inside? out through 
the opening ; tack along the tor), 
woi'king the two edges evenly 
together with the linger and 
thumb, also tacking the two V’s 
back at cithi*r end. Stitch from 
coiiR'i* to corner only, as froin 
a to />, keeping as (Jose to 
edge as possible. 'PiuTi the Map 
down, press the edg(‘s inside 
tlirough the op^uiing up towards 
the slu)uld(‘r, k4*(?ping them per- 
fectly k‘vcl, and baste for 
stitching [26]. 

Now tak(^ the hack of pocket, 
which must be I in. long(*r than 
tlu^ front to allow of its b(?ing stitched in 
with the Hap, turn the fore part of coat 
wrong sid(5 uppermost, 
and place tluj Silesia 1 in. 
above the opening; then 
baste along the top [27]. 

Turn ov(u’ on the right 
sid(‘, make the ends neat, 
pressing the V’s hack w'ith 
a needle, stitch along tho 
top of flap as close to tho 
edge as jxissiblo, beginning 
1 in. below tho Hap, and* 
lenninaling j in. below 
it at tire other side, thus 
neatening and strengthen- 
ing tin? ends. Secure the 
4‘nds of pocket -mouth with 
two more rows of slitehing, 
and linish olf in the shape of 
a 1 ), as from c to d [28]. 

'Pack round the poek(?t, and 
stitch, beginning ^ in. from 
op(;ning and stitching through 
t,h(? linen stays at both ends 
of pocket [29, 30, and 31], 

We arc now ready for tho 
canvass, the sclvcidges of w'hicb 
should be slightly damped and 
pressed all over with a hot 
iron — not ironed. 

Cut the canvas as shown 
in diagram of right and loft 
fronts [29 and 301, the selvedge 
to the edge of front, and 
cut edge overlapping pocket 1 in. Place 
the canvas on the wrong side of fore part 
of coat, and baste round tho edges, keeping 
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it oany across the chest, over the sliouldors, 
and round the armholes ; cut the canvas 
in. from the neck and l.J in. down, and 
insert a wcdjjfe shaped piiM-o of canvas about 
jj in. wide and 2 in. long [31]. 

TJie shoulder near the neck should bo 
strctcJied, 

Slit the canvas two or three times round the 
* armhole, then pare the former away ] in. round 
the front and neck, and, before proceeding any 
further, roll the corner over the left hand, and 
tack with live or six long stitches on the right 
side, which will prevent the canvas from curling 
outward. 

Take a strip of linen cut selvedge wise, I in. 
wide, which should be pressed with a hot iron, 
turn in i in. ; place the fold a shade beyond the 
canvas, baste to canvas from the bottom, 
holding the linen rather tightly for about 3 in. 
round the corner, as from a to /, in 30. 
Tack the linen on either side to the canvas. 
It must be remembered that this should be 
tacked rather tightly at the point at top and 
round the neck to within I in. of shoulder 
thread-marks. 

Press the linen stay, which has just been put 
on, round the front and also over the pocket. 
Place the cloth facing on the table with righc 
side uppermost, and neck to the loft hand, put 
the fore part of coat on the top of this, keeping 
the edge J in. in from that of facing ; put one 
row of basting from bottom to shoulder to hold 
in position, and baste round the edges, taking 
care, that the facing is eased at the corners from 
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a to I 1 30). Stitch the edges -J in. from linen 
stay. Take out the bastings, open, and press 
the seam on the narrow side of sleeve-board, 
cut away the edges to within i in., turn inside 
out, work the edg(‘S well under, using a bodkin 
for the corners to make them a nice shape, then 
baste round the t^dgti on the inside, keeping the 
seam J in. in from the edge. This is very im- 
portant, and there must also be a tacking down 
th(f centre and along the raw edge [29]. 

The right front is made in the same way, but, 
before the facing is put on, an extra stay must 
be tacked on for the buttons. This should be 
a strip of canvas 2 in. wide, cut selvedge-wlse, 
and long enough to hold the first and last 
buttons (in this case 13 in.). Baste to the 
front J in. from the edge, and ^ in. from the 
neck — it must be quite loose when basted on to 
the under part of canvas — then tack all round 
to the canvas [31]. 

Proceed now as for the left front, then place 
the two fronts together and see they are exactly 
the same length ; if not, they should be cor- 
rected, and any needed alteration made. Mark 
the spaces for the buttonholes, 4 in. apart, 
marking the first J in. down from the neck, and 
J in. in from the edge, in the same way as shown 
in 15. 

, The holes must be worked on the left front, 
and J in. longer than the diameter of the buttons, 
to allow these to go through without any 
pressure [13, page 1111]. Place the left front 
over the right, with the bar of the buttonholes 
touching the edge of right front, mark through 





liie eyes of the holes with a picoo of pijKiclay 
for the buttons, which, however, sliould be put 
on last of all. 

Linings. We are now r(*ady for the linings. 
Cut out the fronts, allowing ] in. turnings on the 
front, and the same amount of inlays on the side, 
as in the fore-parts of the cloth, flu* luw^k must 
bo out large enough to allow a pleat, down the 
centre, of 1 in. — that is, J in. underand in. over, 
to prevent any tightness across the back when 
finished. 

Tack tho fore-parts to the back, beginning at 
the top, placing the parts mu i ked I ami 1'^ 
together [15]. Keep the thread marks at tlie 
bottom even, and baste the scam } in. in from 
the thread marks. It is advisable^ at this stage 
to tack the shoulders togidher and to try tiio 
coat on, and to make any alteration that may be 
required at the neck and armhole, cither by 
taking in or letting out. 

When this has been done satisfactorily tlie. 
tacking should bo removed from tlui shoulders, 
which will make it easier for stitcdiing and pressing 
the seams. 

Stitch the side seams, nunove the laekings, 
open, and press ; Iwiste the bottom uj) to the 
thread marks, and serge j see Seuoincj, page 11 11 j 
to the coat, but the stitches must on no account 
show through. To avoid this, a No. 7 or 8 
tailors needle and line silk or cotton must Im' 
used, and only a thr<‘ad of the cloth must be 
taken up on the needle. 


Remove the basting from the bottom, place 
over a damp cloth (which must be wrung as dry 
as possible), and press round the bottom and the 
fronts. It is most important that tlic cloth 
should ho iKiarly dry, or the material will become 
spongy. 

Now put a liiK'ii stay on the back of each 
pocket, securing il firmly and tacking to the 
armhole [29 and 31]. 

Take the front linings, turn in the front } in., 
and place [ in. over the facing ; baste in ])Osition, 
keeping it easy both in length and width, and 
<[uitc loose round the 'armhole. 

The Back Lining. Phute the baek lining 
with the ph'at to the centre of back, kt^eping tliis 
also loose in hmgth and width ; baste in position, 
turn in the side seams, tack down, and sec that it 
tits well, 'rurn up the bottom a little over tho 
edge of the iiiturn, and baste all round. Tack 
tho shoulders (not th(^ canvas or facing), and 
stitch ; remove* the basting, o})en, and press, 
stretehing the shoulder towards the neck to 
tit the back. 

Lay tho canvas flat over the shoulders and 
seeure to tho turnings-; lay tho cloth flat over 
the canvas and secure it to hold in position. 

(-ontinue the linen stay from the left fore-part 
across the baek of the neck, to the right ; lack 
the cloth over the linen stay, serge to llu' shoulders 
and back, and pn'ss. Now tit the lining over 
tho shoulders and tack, but it should not l>o 
foiled ill till after tho sleeves an* inserted. 


Continued 
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OXYGEN AND OTHER GASES 

CHEMISTRY 

9 

Commercial Recovery of Oxygen. Oxygen and Life. The Atmosphere. 

C'lni till ‘il fioni 
y.jto IIH’J 

Ozone and the Newly-discovered Gases. The Function of the Sea 


By Dr. C. W. SALEEBY 


Oxygen and Air. Wo inusl now make 
a Hystomatio study of the most important 
element. We have numtionod it several times 
for purposes of illustration. If wo were to 
adlicre strictly to our treatnu'nt of the elements 
in groups, we should hav(‘ to consider oxygtui 
and sulphur together. These two ('lements 
have considerable resemblances to one anoth(*r, 
and should therefore always bo associated 
in the mind of the student. But oxygen is so 
supremely impeudant, both as an ingredient of 
the air and in its nTatiofi to life, that it must 
always dominate our thouglits. 

As the reader already knows, it is a gas. It 
was first diseoven'd by Priestley and SeUeede 
about a century and a quarter ago ; its atomic 
weight is about It), and it is thus slightly 
denser than air, of which it constitutes about 
one-tifth. It may be [)repared in small quantitievs 
by Priestley's method of heating the red oxide 
ol mercury, or it may he tiirned out of w^ater 
•by means of chlorine, or may ho obtained from 
its various compounds l)v means of electrolysis. 

Nowadays, oxygen has attained considerable 
commtTcial importance. Since the process of 
comlmstion, or eomhinatioii with oxygen, 
occurs more rapidly and ])roduccs more lieat 
in the presenet* of pure oxygen than in the pn^* 
scnce of air, the ohunent i.s very frcMpiently u.sed 
in its pure form in in uiy m dallurgical opera- 
tions It is also largely u.sed in order to 
prodr.ee the brilliant liglit wliiob is given out 
by si»perheated lime and vvhielj is called 
limelight. Its use in this coniu'ction bus 
already been explained. Furthermore, pure 
Oxygen is now extensively used in medicine, 
for there are a largo number of diseastsl 
conditions in whieb the inhalation of this gas in 
its pure form, instead of its ordinary inhalation 
dilut(‘d with nitrogen in tiic air, is of the utmost 
value. Honco it has become necessary to acquire 
some moans of obtaining large quantitie.s of 
oxygen as cheaply as pos.sihle. 

Brins* Process, Tlic mo.d important 
of the commercial processes is known as 
Brins’, and is easily explained. The oxide 
of barium is heated in compressed air to 
a red heat, and is converted into the peroxide 
or dioxide, sineo under these eonditions it 
takes up into itself a certain quantity of the 
oxygen of the air, the nitrogen of which 
escaiie.s. Now, w^hen the pressure is reduced, 
the extra oxygen which has been taken up into 
the peroxide is liberated again, and can be 
readily collected. The result of its liberation 
is to leave behind just the same barium oxide 
with which the proce.ss was started, and so it 
may go on again and again. Thus, the essential 
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mattu ials for the process arc merely air, which 
has no cost, and barium oxid(‘, which can Oe 
used over Jind ove r again, and hence the process 
is exceedingly cheap. The oxygen is stored 
at a high pressure in a steel cylinder to whicii 
a tube can readily be attached, and when a stop- 
<;oek is turned, the oxygen rapidly es(.*apcs. 
Wluui the cylinder is being used in the sick-room, 
the noise made by the escaping oxygon is usuady 
suflicient to indicate that it is escaping, but a 
simple test can be applied by placing a glowing 
matcli-cnd at the mouth of the tube. If the 
oxygen is (iseaping, the rapidity of combustion 
of the iimtch will be so inercasod that it will 
immediately burst into flame. 

Oxygen is a colourless, tasteless, odourless 
gas. forming, as w'c have seen, c‘ight-ninths of 
the weight of water, more than one-tifth of the 
volume of th(' air. and actually more than one- 
half tlio w^eight of the solid mattei that forms 
the crust of the earth. It is the most widely 
diffused of all tlie elements. It has been 
liquefied and fro zen by Sir James Dewar. 

Oxygen and Life. By derivation oxygon 
means the acid maker, and its function in 
this respect has already been explained, but 
it might almost as well he called biogon, to 
indicate that it is the life-maker. Every living 
tiling, without exception, depends for the pro- 
cc^sses of its life upon a continuous supply of 
oxygon. This fact is supnunely important 
and must he carefully studied. 

The students of living things tell us that there 
is a universal function which is common to them 
all and continuous in them all. This is termed 
respiration. There are no exceptions to this 
rule, though it. w^as at one time thought that 
there might be certain exceptions. When the 
great French chemist Pasteur, the founder of 
th(5 ni‘w^ scieri(!c of bacteriology, came to con- 
sider the conditions under which bacteria, or 
microbes, as he called them, grow, he found that 
they could he divided into two great groups — 
those that required air for their life, and those 
that required absence of air for their life. The 
first he called fprobic, and the second anoerobic. 
At first this looks as if the microbes belonging 
to the latter group were an exception to our 
general rule, for it is the presence of free oxygen 
in the air that arrests thoir growth ; but it wa-i 
soon found that unless compounds containing 
oxygen he present in the materials in which these 
microbes grow, they immediately die outright. 
Though they cannot live in air, they cannot, on 
the oiher hand, live except in the prosoneo of 
compounds containing oxygen, which they take 
from these compounds, thereby, of course, 
decomposing them. Hence it is true to say 
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that th^ie are no exceptions whatever to the 
universal rule that oxygen is the life-giving 
element. Tliere is also the fact that in every 
kind of living matter, without exception, oxygen 
is invariably and necessarily found. It is a 
constant constituent of protoplasm, the “ phy- 
sical basis of life.” It is found in proteids and 
carbohydrates, afterwards to be studied, and 
tliough it is not a necessary ingrc'dient of fats, 
yet it is invariably a oonstituimt of the living 
part of tlio curious animal cells in whiclj fat is 
stored. 

Oxidation and Reduction. Now, the 
process of combining oxygen with any substance 
is called oxidation, and the proo(‘ss of removing 
oxygen from any substanoe that already con- 
tains it is known^ as we have briefly noted 
already, as reduction. Change's in these re- 
spects occur in a vast majority of all chemical 
processes, and honee these two word^ are of 
the utmost importance and convenienee in 
chemistry. Henceforward we shall use them 
freely, and assume that the reader is familiar 
with them. He might expect that the o)>posite 
to oxidation would be deoxidation, and that 
word is sometimes used ; but the much more 
fre(|uent use of the word n'duetion gives some 
indication of the importance of this ek'uient. 

Chemistry of Respiration. Now. let 
us look a little further into the (piehtion of 
the oxidation of living matter, whieh is the 
object of respiration. I'he products of this 
oxidation are (‘xtn*moly simple, and consist 
almost entirely of carbon dioxide (t'Oj), and 
water (H.^d). But biological chemistry has 
discovered an extremely important fart regard- 
ing this proccas of oxidation. If we consider 
an ordino.ry speck of dead oxidisablo material 
exposed to the action of the air, wc find, as wo 
might well cxjicct, that it is its outside or its 
surface which first shows signs of oxidation ; 
the central part of th<* raatcTiaJ can only bo 
oxidised when all the outside is crumbled away 
in the form of oxide. But the ease* is profoundly 
different when we come to consider a particle 
of living matter similarly exjiosed to the air. 
Its respiration by no moans consists of a mere 
oxidatio^' of its surface. What hajipens is that, 
in some way which we are yet far from under- 
standing, the oxygen is taken up into the \erv 
substance of the living matter and then disposed 
of. But the rt'ader must not imagine that the 
means by which human be ings breathe is an 
illustration of this fact ; we are ri'ferring not 
to that obvious breathing, but to the real 
breathing which occurs when the oxygen is 
brought into contact with the living matter. 
What we are attempting to deserilie is true of 
every living cell, no matter whether it Iw* a 
cell of one of your muscles to which your blood 
is now conveying some oxygen just derived from 
the lungfik or whether it be such another living 
coll as one of the tiny microbes that exist 
everywhere. The point is that the living cel), 
whether it be an independent organism or merely 
a humble part of a complex organism sueh as 
maik is not at att oxidised by the mere action of 
nxygen upon its surface, but first of all takes 


up the oxygen into itself, and distributes it in 
the most complete and intimate way. This ij 
the fact which we attempt to express when we 
say that the respiration or oxidation of living 
things is intra-cdluhu -that is to say, within the 
cells. Hut we may go further ; the facts 
show that before' (he process of oxidation 
actually occurs, the oxygen is actually taken up 
by the very molecules of the' living substance, 
whieh, indeed, have tins most extraordinary 
power of retaining it when necessary, until 
there may bi* nec'd for the production of the 
energy whieh results from oxidation. Hence, 
wo must learn the remarkable fact which is 
de.'.cribed as the intKf’tmthcHlnr tespiration of 
liviwj proto plasni. When the living thing dies, 
the dead protoplasm, if exposi'd to air, continues 
to undergo oxidation. But that is of a very 
dilTeri'iit kind Tt is now merely the same 
oxidation, proceeding according to the ordinary 
physical laws ot inorganic nature, that is seen 
when the surface of any orilinary metal becomes 
dulled by superlieial oxidation. 

Oxidation and Growth. We must not 
be misinterpretc'cl as stating that the laws 
of physics and chemistry an* not ajiplicable 
in the world of life : wi'. arc merely insisting 
that tlu're is a profound difference, wliich 
A\e are as yet very fur from understanding, 
between the processes of oxidation that may bf' 
observed anywhere, and those infinitely more 
subtle processes of oxidation which arc the 
essential part of the vital function called 
respiration. The* wisi* reader will compare the 
facts upon which we have been trying to insist 
with the statements made in the course) on 
Natural History [page H15]. It is there 
staged that, unlike tin* growtli of living things, 
the grow th of a crystal “ takes place by the 
addition of layt*rs to the extc'rior, the interior 
remaining unaltered.” Tlic reader will see 
that the profound distinction there clearly 
stated is strictly consistent with the distinction 
which we have be(*n trying to state here. He 
will guess that tin* reason W'hy the living thing, 
unlike the crystal, can gro\v from within is the 
fact that it is able to undergo chemical changes, 
largely consisting of oxidation, within its very 
substance, and resulting, not mtrely in the 
“ growth ” of ” crystals of sugar-candv on a 
string,” blit the true growth whieh implies 
developiiK'nt and thi* ac'eomplishmi'nt of a 
purpose. It is its })ower of ensuring and direct- 
ing intra molecular oxidation that enables tlio 
living cell so to dlslingui.sh itself. 

Oxone. When oleelrie sparks are passed 
through oxygen— that is to say, oidinary 
gaseous oxygen - there is formed the allo- 
tropic modiiicatiou of it. which is called ozone, 
and whieh has already been described [pigo 6U3J. 
Its formula, we may remember, is O.. ; and, 
in confirmation of this statement, it may 
noted that three volumes of oxygen have been 
proved to form two volumes of ozone, as one 
would expect, rf'inembering the e((uation for 
the conversion of oxygen into ozone already 
given, and the remarkaWe law of Avogadro, that 
equal volumes of gases at an equal temperature 
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and pressun* contain erjual numbcrn of molo- 
cnles. Ozone may not only be produced by 
the method above stated, but a’so dining 
electrolysis, and, in small (piantitics, in the 
course of V(*ry slow oxidation processes, as. for 
instance, that which occurs when ordinary 
phosphorus is exposed lo i\w air. At siifhcitmtly 
low temperatures ozone is transformed into a 
bluish liquid, closely ri^sembling liquid oxygen. 
Ozone is, perhaps, the most inconstant of all 
the ingrt^dients of the atmosphere. Tiiis is due 
to the fact that it is extremely unstable, for 
reasons that have already been fully explained. 
A suHiciently keen nose may n^cognise its 
peculiar odour, if its possessor goes out, for 
instance, into a very pure country atmosphere 
at night, after s[)ending an hour or two in a 
smoky or badly ventilated room. Tn the open 
(country, and at the seaside, ozone may readily 
be detected in the atmosphere ; but Avhe^rever 
there is a quantity of oxidisable organic matt^rial 
in the air — as, for instance, in towns and in their 
neighbourhoods — ozone is not to be found, 
since it is decompos(‘d, and ordinary oxygen 
formed by the rcdiuung action of such organic 
matter. Tn all probability ozone cannot be 
breathed, and is as irrespirable as if it had 
nothing to do with oxygen. The ])ublic gener- 
ally beliin'cs that It is a good thing to breathe 
air containing ozone ; so it certainly is, but not 
in the smallest degree for th<‘ reason that the 
ozont' is of itself of any value as a gas to breathe, 
but because its presence in air is a proof that the 
air is pure^ the simultaneous presence of organics 
dirt (gaseous or other) and of ozone in air being 
impossible, owing to tin* great activity of this 
gas as an oxidising agent. Vhirious medical 
experiments have been made in order to ti'st 
the utility of ozone, and the statements above 
mmle may be regarded as aeeqrately summing 
up the gcmeral conclusions to which those 
experiments lead. In eases of illness there is 
often very goml reason to increase the percentage 
of oxygen in the air that the patient breathes, 
but the intentional addition of ozone to it is 
unnecessary, and depends on an incorrect 
explanation of the superiority of sea to town 
air. As wo have observed, the presence of 
ozone in the former is of value, not in itself, 
but as an index and proof of purity. 

The Atmosphere. By far the most 
important constituent of the atmosphere, from 
our point of view, is oxygen, though about 
four-mths of it by volume is composed of 
nitrogen : the percentage of carbon dioxide is 
’04. In addition, tJiere is always a certain 
amount of w'ater vapour, and traces of various 
compounds containing nitrogen. Until lato 
years the foregoing would have been, more or 
less, an adequate account of the chemical 
composition of the air, but it is now known 
that the air contains a number of other gases 
which are of very considerable interest. Tf the 
air were a compound, the presence of these 
gases must have been detected long ago ; but 
since the air is not a compound, but merely a 
mixture of gases, it is easy to understand how' 
th8 greaenee of these recently discovered gases, 
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which occur in only very small quantities, 
came to lie overlooked. 

The Discovery of Argon. The initial 
discovery was made by Lord Rayleigh, who 
has recently bi*en elected President of the 
Royal Society. In discussing this very in- 
teresting subject we shall follow very care- 
fully the statements and, where possible, the 
actual words, of Lord Rayleigh himself. He was 
led to the now universally admitted discovery 
of the new gas argon in the course of some 
iiivostigation.s regarding the densities of the 
most important gases — hydrogen, oxygen, and 
nitrogen. He found that dilTcrent results were 
obtained by difh^rent methods of experiment, 
and it became apparent that the differences 
were not due to accidcait or errors of observation, 
but, as he says himself, “ that tlie complication 
depended u])on some hitherto unknown body, 
and probability inclined to the existence of a 
gas in the atmo.sphere heavier than nitrogen 
and remaining unacted upon during the removal 
of the oxygon.” This was the means by w^hich 
Lord Rayleigh, with the aid of Sir William 
Ramsay, tlu* Professor of Chemistry at Uni- 
versity College, London, was enabled to 
announce to tlu? British Association in 1894 the 
discovery of a new gas in the atmosphere, 
though “ for mor(‘ tlian one hundred years 
before 1894 it had been supposed that the 
(‘ompositiou of the atmosphere was thoroughly 
known.” This luwv gas was named argon^ 
which is a Un^ck word meaning lazy, in order 
to iiidU'ate the fact that it is chemically very 
inert and has no tendencies to unite with any 
other substance. 4'liis chemical inertness of 
argon is, of course, one of tlu*. ivasons why it 
was so long in being discovered. It is, perhaps, 
worth noting that certain ehcmisls inclined to 
the viiHV that argon is a sort of condensed 
nitrogen having the formula N;j, just as ozone, 
with the formula 0.., is a sort of condensed 
oxygen. But that view is entirely disproved. 
Argon is unquc^stionably an clement, and 
po.sses.scs a very characteristic spectrum [see 
PjiYSK’s]. Its atomic weight, according to 
various investigations, is very nearly 40. Ho 
inert is this element that there is still no definite 
evidence of the preparation of any compound of 
it whatever, despite a very large number of 
attempts to produce such combinations. 

More New Gases, lliis discovery, how- 
ever, like so many others that have fen at 
first questioned, has not only be>cn established, 
but has led to many more, which stand to the 
credit of Sir William Ramsay. Argon, so long 
unknown, actually constitutes nearly one per 
cent, of the atmosphere. Contrast this with the 
tiny proportion of carbonic acid. But there 
have now been isolated from the original argon, 
so to vspeak, no less than four other elements, 
and probably five. The four of which we may 
b<' certain are called neon (Greek for new), 
krypton (Greek for hidden), xerum (Greek for 
stranger), and, by far the most interesting of 
all, helium, the name of which is dei’ived from 
the Greek word for the sun, and was given it for 
the reason that, as we already noted [page 839], 
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this most; remarkable element was discovertMi 
in the sun befon^ it was found on the 
earth. Helium must be discussed at a much 
greater length when we come to consider a still 
more remarkable element, radiuw. The per- 
centage of these gases in the air is extn'mely 
•minute, and, according to Sir William Ramsay, 
probably the volume of all of them taken together 
does not exceed of that of the argon. 

Now, the remarkable fact which is common to 
all these five mwv constituents of the atmo- 
sphere is that not one of them can be madt* to 
combine with any other suhstam'e whatever — 
in fact, they are all as ‘‘ lazy ” as argon. Each 
of them has its owm characteristic atomic 
weight and spectrum, but we need not concern 
ourselves with these. The n'ally interesting 
thing is the existence* of these live elements, 
Avhich seem, so to speak, to be isolated in 
hiature ; more especially bt'cause we have 
reason to believe in a periodic law which d(*elares 
tliat all the elements are related to one. another. 

The New Gases and the Periodic 
Law. Noav, one of the most im}>ortant facts 
which are demonstrati'd by the ])eriodie law' is 
that the succeeding groups of clcm<‘ntw show' a 
regular progression in the number of atoms of 
other elements with which one of their own 
atoms is able to combim*. 'Phis ])roperfy is 
calk'd ralvnctp and will be considered later. 
For ins1an(5(*, group om; of the cl(*nu‘nts includes 
those whose atoms are able each to unite with oik* 
atom of any other similar ek'UK'nt. Hydrogen 
and sodium, for instance, belong to this group, 
and arehence called rnonovak'nt - that is to say, 
their valency is owe. Oxygen, again, la'lniigs to 
the s(‘cond group, and its vak'ney is tw(K 'I’he 
best illustration of what is meant is furnish(‘d by 
the formula of Avater, w'lii(;h is H.^O, indicating 
that it needs two “ on(*-handed ” hydrogen 
atoms, so to speak, to unite with om* two 
handed” oxygen atom. This is enough to 
enable us to understand valency so far as 
we need at present. Noav, Avhat is to be? 
done with a group of elements whi<*h an* 
incapable of combining at all -elements Avhich 
have no vah*ncy ? IMainly, if the periodic law 
be correct, they must form a group nothing, or 
zero, Avhtch must fit info the table with all Ihe 
other elements. Noav that is cxaidly Avhat, 
indeed, these elements do : directly we di.scover 
their atomic weights, we find that tliey naturally 
fall into the very phM?os which theory would have 
predicted for thiun, and they now form the zero 
group of Professor Mcndeleeft’s latest table, 
published in 1904. 

For a consideration of a largo number of otlu'r 
important facts concerning tlie atinosplu're, the 
reader must consult tlie (?ours<* on Physics. 
There is little more of importance to be said 
concerning the chemistry of the atmosphere, 
though very much that is a matter of life and 
death might be said if we were discussing the 
subject of ventilation [see Piiysioloov and 
Health], The necessity for ventilation depends 
upon the fact that the presence of living things 
in the atmosphere alters its composition to their 
disadvantage, so that, if they do not move 
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to fresher air, fresher air must be brought to 
them. 

The History of the Atmosphere. 

If w'c recall the teaching of geology and astro- 
nomy, telling us how flu* c'artli was once too hot 
to sustain life, wv shall si'c* that the mixture of 
gases that covers tlu* solid surface of tlu? earth, 
and that wc familiarly call the air, must have 
had a very interesting history. According to 
one Avidc'ly accepted theoiy of the earth’s origin, 
all that Ave noAv know as Ou* solid earth, and all 
the liquid math*r tliat now fills the ocean- beds, 
was oni'o gaseous. The gases of the afmosfihc ro 
are simjily composed of those particular elements 
Avhieh are gaseous at tlu* pres(‘nt temjAcrature 
of the eartli's surface*, whieli have not entered 
into eonipk'te* coiulanation with tlu* solid matter 
of the (‘arth's crust, ami which have not been 
Avhisked away into sjiace by I'cntrifiigal fore*!* 
|see Fji YsK’s], this being the fate that is supposes! 
to have befnlk'U the forme*!* atiiu)spluTe of the 
moon, and sf)ine of the lighten* constitutents of 
emr oAvn atme)splu*re*. Now', in the jiast, when 
the e*arth’s temperature* was mucli higher, and 
Avlieii many other e'onditiems Avere diilerent, it is 
more* than pre)bal)le‘, fe)r instane'e*. that — long 
be'feire* man appe'are'd - the }>rope)rtie)n e)f earhoii 
elioxieh* (('()._,) in the air was much highe'rthan it is 
at pre'sent. This w’oulei aerount fe>r tlu* e?xlrenu* 
luxurianes* of vi*ge*tatie)n, to which every lump 
e)f e'Oal l)(*;»rs witness, the e*a,rbe)nie acid of the 
air Iw'ing one* of the* most important constituents 
of the* lood e)f plants. Again, it is epiite certain 
that, at a very iniu h more remote ]>e*rie)(l, whieh 
must ('ertainly elate* bae*k tens e)f millieins of 
ye'ars, the te'inperature* of the* carth‘s surface* was 
so he)t that water coulel not eiceur in its liepiid 
feuni. At that lime* one* of ihe nu)sl important 
and abundant constituents of the? eairth’s atmo- 
sphere Avas gas(*oiiK water, eir water vafiour. 

The Future of the Atmosphere. 
Whatever the past history e)f tlu? atmosphere 
may have l>e*en, we* can se*are‘e*ly fail to be 
intere‘steid in tlu* ejiu*stie)n e)f its future*, upem 
which the e*ontinue*(i exi.ste‘iie?e‘ e)f tlu? human rae?e 
certainly de*pe*n(ls. It He*e*ms at lirst sight ejuite 
evident that there is taking pku-e a very serie)us, 
though aelmitteelly ve*ry slow', e-hange* in the 
chemical eom])osit ion uf the atme)Kp!u*re*, dep(?nd' 
ing upon the* respiration of the ce)unth*ss living 
things, animal and ve*ge*(abl(*. w'hi<*h de*pend upon 
it fe^r their life. What is continuously liappe*ning 
day and night in the case e)f (*ve‘ry living thing, 
Avithout exe'cption, ineluding, fen* instance, the 
Avnt<*r as he forms these \ve)rds ? His body is 
uiulergoing a serie*s of chemical interchanges 
vvitli the atmosjiherc, the essential upshot of 
whicrh is that the air around him becomes poor(*r 
in oxyg(‘n and richer in carhonie acid. Now this 
pro(?ess of respiration and its (?onse(jucn(*es are 
common to every living thing, always and every- 
w'here. Hence there app(‘ai*s to bo no choice 
but to b?lieve that the percentage of carbon it? 
acid in the air is slowly increasing, and that of 
oxygen slowly diminishing. Meanw'hik*, the 
students of health remind us that when the 
percentage of carbonic acid in tho air goes any- 
w'here above '96 such air becomes more or less 
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poisonoug to animal life in general, including the Now, a parallel series of changes occurs in certain 

life of man. Are we then to believe that the carbonates of sea-water, more especially the 

carbonic acid is accumulating, and will continue carbonate of magnesium. In sea-water there 

to accumulate, gradually filling up the valleys occurs a certain amount of this salt in a more or 

and low-lying districts in consequence of its less stable state, and also a certain quantity^ of 

greater weight, and gradually driving Ifuman the bicarbonate of magnesium, 

beings higher and higher, until the “ last man.” But, as we have already seen, there is reason 
gasping for air on some mountain pc^ak, joins his to believe that the proportion which these two 

fellows who lie drowned in tlio sea of carbonic salts War to one another in sea-water depends 

acid Wneath him ? strictly upon the physical conditions which 

A Compensatory Action. Now, in surround them, the most important of these 

the first place, we must notice that there conditions being the percentage of carbonic acid 

is a compensatory action, which is of con- in the air above the sea [page 1159]. 

siderable importance — njimoly, the action of the There is thus an automatic, self -regulating 
green plant, under the influence of sunlight, in mechanism by which the oceans are enabled U> 
decomposing the carWnic acid of the air, retain- preserve the constancy of the proportion of 
ing the carbon and giving back to the air £ 1*00 carbonic acid in the air above them, and not 
again. This j)roees8, however, cannot only so, but the winds, and that property of 
suffice to dispose of the picture we have suggested, gases which we hfivo described as diffusion [sec 
even apart from the fact that its value is largely Physics], ensure that the consequenoos of this 
neutralised, since even the plants that perform procjcss (Extend also to the air of the land. Of 
this function are also necessarily perff>rming course the discovery of this process is very far 
the opposite function of respiration. Tliere is from enabling us to reach any positive 
another fact of the very greatest imjxirtanfc, conclusions as to tlie more irnmc'diate future of 
which is of only comparatively recent discovery, the atmosphere. It is evident that the mere 
and which is of great importance to tin* tlioorist, ah.sorpticn (in tlic form of bicarbonates in sca- 
and of incalculable importances in relation to the water) of the extra carbonic acid which is being 
future of the atmosphere. constantly added to the atmosphere by the 

A Function of the Sea. In a previous rc'spiration of all living things, and also by every 
chapter we briefly noted, in reference to the kind of combustion initiated by man for hia 
existence of double compounds, that the* many own purposes, is by no means equivalent to an 
salts of sea-water exist in a somewhat {>eeuliar absolute compensation for this process. All 
state. If we take; a sample of sea- water and that it a(‘complishc;s is to hide the consequences 
proceed to analyse it according to the usual of the process. 

methods, wetind that it contains such and such a Tendency of Chemical Change. There 
percentage of sodium chloride, another porcemtago is thus raised the further question, which 
of salts of magnesium, and so forth. Hence, wo cannot be considered here, as to the ultimate 
^night suppose that these salts exist in dcHnitc conse(|iiences of the fact that the overwholmiiig 
form, and in detinite pro|K)rtion in sea-water ; tendency of all the chemical processes that 

but it is not so. We know now that the salts occur on the earth is in one direction — a 

of sea-w'atcr mainly o(!cur, not at all in definite direction which is well indicated by the union 
states, but in states whi(dj constantly vary and of carbon and oxygen to form carbonic acid, 
differ, according to the physical conditions — cm- The essential consequence of this union is 
ditions such as the temperature, the pressure of the dissipation of the potential chemical 
theatmosphere, the pai tial pressure of the various energy [sec Phy.sk js] of the carbon and of the 
gases in the a traospliere, and, indeed, all the other oxygon in the form of heat energy or kinetic 
physical condititms that occur. It is the new energy, which is scattered and, for practical 
science of what is oft(*ri called physical chemistry purposes, lost, though, of course, it is not 

that is teaching us how exa(!tly to correlate .such annihilaUal. Hence, in considering the future 

physical conditions with the fael.s of chemical of the atmosphere, wc are led on to the study 
combination and union. of the remarkable and vastly important theory 

Nows if the leader rcmemlx^rs our former dis- called by its author. Lord Kelvin, the theory 
eussion of tlie (carbonate and bicarbonate of of the dissipation of energy. 

calcium, and the formation of stalactites and So much, then, for our chemical discussion 
stalagmites, lie is already i*,omplctely prepariHl of the atmosphere, of which, from our point of 
to undt^rstand tlie most important function of views the oxygen is the essential constituent, 
the sea in regard to the (composition of the the carbonic acid a source of some apprehension, 
atmospliere. He will remember how an extra and the largo proportion of nitrogen merely a 
proportion, so to speak, of carbonic acid is some- means of diluting the oxygen, which would 
times added to carlionate of calcium, converting otherwise be too active for our convenience, 
it into the soluble bicarbonate, and how, under We have now to remind ourselves that, 
certain physical conditions, such as occur when when the elements are considered in groups, 
water, charged with bicarbonate, drips through there is good reason for considering snlpljui^t 
the roof of a cave, the extra carbonic acid is and oxygen together, and we must there-, 
given off to the air, and the insoluble carbonate fore pass on to discuss this other importanti 
IS precipitated or solidified from out of the water, element. * 

Continued 
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"THE respiratory organs ihcludo tlu‘ nose, 

* mouth, larynx, windpipe*, lungs, and pleura, 
with the nerves and blood- vesse'ls belonging to 
them. 

The Nose. Wo are aware that the nose is 
not generally included in tliis ealegory, and tlu* 
omission has led to serious results. 'Phe sens- 
of smell has been eonsiden'd so exclusively the 
sole function of the nose that if any eliild were 
asked “ What is your nose for ? ” and it were to 
answer “ To breathe with,” the reply would 
create great astonishment. Yet this is un- 
doubtedly the primary function of the nos'^*, 
and all inspin'd air should pass through it. 

Indeed, it is because it is so designed that the 
olfactory organ is situated in tlu*. upper j)art to 
catch the odours tlie air may carry - a useU'SS 
position if all tlu* air is intend<‘d to enter 
through the mouth. Not ofdy, however, is 
this not the cas(*, but all animals and savage* 
men breathe through the nose aloru* ; and it is 
only as a |)roduet of civilisation that we have 
the sp(*ctacl(* of nu*n and wom(*n going about 
with tlu* mouth opc'ii and inspir- 
ing through it. ^>o eonimoii is 
the habit in this country that 
we found on investigation 
about half the po])ulation 
mHpir(*d through the mouth. 

Air breathed tlirougli the 
mouth is raw, cold, lad<‘n 
with germs and the tillliy 
dust of sirec^t s and rooms, 
thus drying the tongu(% 
destroying the teetli, 
causing sore throats and 
snoring, and clogging 
and poisoning the lungs. 

Air 1 .eathed through 

the nos(5 is warmed, ^ Uijiiit Unne-lnih. J/argrr Uronvliial tube, 



moistcj^ed and cleaned Itronehlal tube. A, 

so perfectly from all 

germs and filth, that not one microbe passes 
down into the lungs. 

The nose, therefore, is the first respiratory 
organ. Its passages are tortuous, and yet free, 
lined with stiff hairs to intereept foreign bodies, 
and with ciliated epithelium, that eatelies all 
the dust. An abundant blood supply keeps its 
passages w'arm, whih^ a free secretion of mueus 
keeps the air moist. Tiic posterior nostrils are 
twice the size of the anterior, and through them 
the air passes behind the soft palate? down tlu? 
larynx. The vocal cords, in a (piiesccnt state, 
afford a free and silent passage for the air to 
and fro in breathing ; only whem used for 
vocalisatioxvis the passage of the air obstmeted. 

The top of the larynx can bo closed tightly by 
a lid called the epiglottis, but it is never closed 


save just in the act of swallowing, wh(*n it shuts 
d(Avn as the tongue is earri(*d backwards. 

'riie mouth serves for exjiinitioii ecjually 'well 
with tlu* nose, the sp(‘eial function of which is 
inspiration. 

I^assage of the Air. 'rjie air, tlien, enters 
by the nostrils (you can s(*(? bow^ they act if 
you watch a horse breathing), and passes back- 
wards llu’ough the posterior nares (nostrils) into 
the throat, and then down througli the epiglottis, 
which is open, into the larynx, or voice box. 
The air, passing through llie larynx, tlien enters 
tlu* windpipe*, which is called the trachea, 
because it fe(*ls rough outside on account of tlie 
Ifi to 20 rings of gristle that surround it. Tin's 
pipe is an inch in diam('t(‘r, and 4.] ifi. long. 
,Jnst behind the bri'ast-boiu* it divides into the 
right bronchus (almost liorizontal) and 
the* left bronchus (almost v(*rtieal) [61]. 

The Lungs. Each hnmchvs runs 
into a lung the two bronchi and the 
two lungs looking just like tw'o huge* 
spong(‘s growing on two stout bra-nelies, 
tlu* bronchi forming stalks to the 
lungs. Tlie right lung, weighing 
211 oz., is ill three lolies, and 
tlu* left, weighing 10 o/., is in 
two l(>!u*s. When the bronchi 
enl(*r the lungs they rajudly 
divide and subdivide?, exactly 
like tlu* braneJu's of a tree?, 
until at last the twigs 
get v(“ry small (only erne- 
fortieth of an ineli in 
diameter). Each tiny 
twig then ends in an air- 
cell e)iu*-liftu*th eif an 
inch in diame?t('r, some- 
what the* shape of a 
grape*, only the outsiele 

t'rllH e)f Lunii ’ is not smooth, hut like a 

raspberry or blaeki erry 
[62]. A buneli ejf tbe'se* cells tixeel on the little; 
air twigs looks v(*ry like; a bunch eif grapes. 
When llie air gi‘ts as far as this, its further 
progivss is ste)pp(‘el. The outer sides of these 
air-cells are covered wuth such myriads of 
ble)od capillarie*s that it is saiel that if those 
in the lungs aleine were Htretch(*d out in one 
straight line tlu;y woultl reimh from here; tei 
Am rica. TJiese capillarie s ditfer from tlu.se in 
the heidy, for those brought food tei tlu* cells and 
le)ok aw ay the refuse ; they gave up all the fresh 
air from the corpuscles to the heidy-eells, and 
took away carbonic acid gas. These bring the 
bad air anel take away the fro,**!). The rod 
corpu!;cl ‘s that arrive here laden with carbonic 
acid gas, and of a dark colour, thus have them 
filled again with oxygon, and changed to a bright 
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colour. The walls of the capillaries and of 
the air-cells are so tliin that the oxygen from 
the air can easily pass out of the cells into the 
blood, and the carbonic acid in the corpuscles 
can easily pass out of the blood into the air. All 
animals inspire oxygen and give out carbonic 
acid gas ; and in all there are lungs, or the 
principle of a lung, which consists essentially of 
a thin numibrane with air on one side, and blood 
in small thin vessels on the other. The gills of 
a fish, for instance, are formed on 
this principle. The water, with air 
dissolved in it, has free access on one 
side to a thin membrane on the other ^ 
side of which the blood circulates. 

The blood, thus puritied, then 
returns by the four pulmonary veins ^ 
to the left auricle of the heart. Both 
the bronchi, the bronchial tulx^s, and ^ 


muscular and nervous, of respiration. The 
force expended in opening the chest in inspira- 
tion each day is enough to raise the person the 
height of St. Paul's, and is thus only about one- 
sixth of the force spent in the circulation. The 
surface of blood that is exposed to the air [ 64 ] 
at each breath in the thin film in the capillaries 
outside the air-cells is equal to about fifty-six 
square yards. 

Breathing consists of two acts — inspiration 
and expiratitm. I nspiratuM is a forced 
effort performed by three 
distinct sets of muscles — those that 
act on the ribs, those that act between 
diaphragm, which is 
the floor of the thorax. 

In ins}uration the chest-cavity is 

w I made broader, longer, and deeper. 

When at rest, the ribs, hinged behind 


the windpipe are lined with ciliated 62. terminal air cells to the backlx)ne and in front to the 

epithelium^ the hairs of which are op lijMo breastbone, hang down like the iron 

always waving upwards towards the a. Small air tube. K Ter- handle on the side of a bucket. Now, 

throat, and so pass up any grains lUr'tube ’ if you raise such a handle, it not only 

of dust that may be breathed in. moves upw ards, but outwards. The 


These bunches of air-cells, then, are all matted 
together by fibrous tii.suc, blood-vessels, and 
nerves, into the spongy substance w'c call lung. 

The Pleura and thorax. Covering each 
lung with the double folds of an empty bag, 
after the fashion of the pericardium round the 
heart, already described, is the pkuira, right and 
left. The outer layer of the bag (the parietal 
layer) adheres to the inner side* of tlu^ thorax or 
chest wall, lining it with a smooth and glistening 
memlirano. The inner layer (the visceral) is 
equally adherent to the lung, whieli lies close 
against the chest wall. Betwwn 
the two layers is a little fluid that 
lubricates the Iw'o surfaces and 
enables the one to glide upon the 
other in the inc<»Hsant movements 
of respiration, w’itliout friction and 
without noise, tlius performing the 
work of a universal joint. 

So much, then, for the structure 
of the r<\spirntory organs. The 
thorax itself [63), which is filled by 
the heart and lungs, and large 
vessels, consist^! of a dome -shaped 
cavity, closed in at the top by the 
ribs and fleshy part, the onl^ (qx'ii- 
ing into the lungs being through 
the windpipe. Us back is formed ^ — 




same takes place with the ribs — and, in addition, 
the sternum, or breastbom?, being movable, rises 
forwards as well, and thus the chest is made 
broader and deeper. It is made longer because, 
when at rest, the diaphragm muscle forms an 
arched floor, that rises like a dome into the 
thorax, and on which the lungs rest. As this 
muscle contraets it flattens the floor, pulls the 
lungs down, and so makes them longer from top 
to bottom. 

The muscles that raise the ribs are in two sets — 
those that act on the ribs and those that act 
between tlunn. The upper ribs are 
^Cl pulled upwards by muscles passing 

down from the neck. 

S f / Between each rib is a double 

C j layer of muscles, crossed like an x ; 

they are called the intercostal 
7^ muscles, because they are between 
the ribs [651. The top ribs being 
fixed as these contract, they tend 
to raise the low'cr rib, to tvhioh 
^7 they are attached ; and thus, by 
acting together, all the ribs are 
elevated. 

This constitutes the movement 
of Inspiration. 

In Expiration, the chest returns to 
its original size without effort. 


by the spinal column, its movable bones enclosino mainly caused by elastic 

sides by the ribs, which are each ^ ^ thorax recoiY. The lungs are full of elastic 

jointed behind to tlie backbone, JJ; ^^'^cJiita/rartilagea. tissue, which is stretched when 

and the upper seven pair in front d. Lniteti cartiiaKes of upper false the lungs are expanded ; and, as 
to the breast bone. The next three *^‘'*** Floatinj^ ribs goon as the muscular effort ceases. 


are each joined by cartilage to the pair above 
them, whilst the last two are free in front. The 
lungs are thus shallow in front (down to the Gth 
ribband deep behind (down to the 11th) The 
floor of the thorax is formed by a strong mm ole 
(the diapliragm) streUdiing right across the body, 
slanting downwards behind, through which the 
blood-vessels and gullet pass. 

Mechanism of Respiration* We will 
now |>roc‘eod to consider the mcobanism, 

Mm . 


the elastic force is so great that the lungs pull 
the ribs down again, and pull up the floor of ihe 
diaphragm [66]. 

You will notice when you draw in a breath 
that the abdomen swells out. This is caused 
by the contraction of the diaphragm, which 
presses all the digestive organs down and makes 
them bulge out the walls. In expiratim; the 
abdomen gets flat again, as the floor rises Ottce 
more. 
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Tho force required to stretch out th(> ehiHtie 
tissue in ordinary inspiration is equal to 17t) Ih. ; 
and the total d ily force used in icspiration is 
21 foot tons. 

The Nervous Mechanism. The ner- 
vous mechanism of respiration is of irreat 
practical interest. There ar(‘ two ^n*(‘at centres 
in the brain where res})iration is eontrolled - 
the one in the Oonseions region, under the 
control of the will, and hence voluntary ; the 
otlier in the Uneomseious region, involuntary, 
and governed by the uneonscioiis mind. 

The Muscular Mechanism. The 
movement of the muscles is controlled from 
these centres by various nerves, notably tlu^ 
pneumo-gastrie. 

Practically our breathing is und(‘i‘ our own 
control up to tlie point wliere life is ir\volvt*d. 
Wti can hreatlm in any manner and at any rat(; 
u’e phaise. Were it not so, Hp(‘aking would 
become impossible. Wc^ can also hold our 
breath up to a certain point ; hut whim life is 
beginning to be threatened the other involuntary 
l ent re comes into play, and, in spite of the 
strong<‘st effort of will, 
forces us U) breathe. This 
is a merciful and ni'ci^s* 

.sary provision to safe- 
guard UK against our own 
Tolly, and is j)aralleleil by 
many similar facts in pro- 
tective physiology- As 
it is, suicicles are far too 
common ; but imagine t lie 
loss of life, if every lime 
on • were v(‘xed or des- 
pi'iV'ito and wished to die cross skction 
one had only to lie hack TifKoi’on luno 
in a chair or bod ajid hold se mstanck, suowixo 
(iiie/ breath ! Why, ( auillaky nktwdrk 
thousands would die i. nifxxl-vrsHi'i 

pv.'rv u<u*k Pint this 1^ 2. Capillury network 

(\iry«<,(K. I.ilt mis is 3 , Aiv™li c.r air-.ilU 

not possihJe on aeeount 

of the unconscious eoutrol of respiration. 
This eonirol also acts continuously when we 
we arc not thinking of oui’ breath at all. None 
of the vital processes require our constant 
attention ; yet with some, wo are allowed to play 
up to t o point of danger, but no farther. 

Respiration of Men and Women. 
Wo now come to consider dilTerent types of 
respiration, a matter of great interest. 

It has always been observed tliat (he sexes 
hreathe ditrerenlly, and it has hct i thought, and 
laid down in U^xt-books, that the ditferenee Is 
a ])art of the many distinctions between men 
and women. 

Children of both scxe.s up to puberty were 
observed to use all their ribs in expansion, aiitl 
the diaphragm by descending in inspiration. 
Put from this ago the. tyfics began lo divergi5. 
Girls and women breathed increasingly with 
ribs only, the diaphragm remaining stationary, 
and very many women with the upper six piiirs 
of ribs only. ]\Ien, on the other hniifl, tendixl 
to breathe less wit.li their ribs, and move by 
descent of the diaphragm. 

It is now discovered that this variation is 



chiefly due to the ditTerenoe of dress, and that if 
a woman he always dressed as a man she 
breathes in the same way. Diaplnagmatie 
breathing involves a change of two or tliree 
inches in the eireumfereene of the waist, and 
when tliis is enclosed in a rigid dri'ss-haiid 
somi'what smaller than the least waist size (to 
say nothing of corsets), it is evident that move- 
ment of the diaf)]irag!n becomes impossible. If 
the corsets he at all rigid, the lower ribs also 
heeoine fixed, and the wliole strain of I'espiiation 
is (hen thrown on the upper lialf and most 
ilelieate ]>arl of the lungs, the place indeed 
where consumption almost invariably begins ; 
while the stationary lower half is a favourite 
se.at of congestion. This is had enough in 
quiet life, but in active exereisi*. such as games 
and dancing, it becomes ]H)sitively dangerous. 

Man. on the other liaiiil, having never had a 
rigid waistband, breathes ahdominally, and 
does not move, the ribs so much, as all hard work 
with the arms requires the chest wall to ho 
more or less rigiiL 

Of ei)urs(‘ the reason wliy the waist expands 
so in abdominal respira- 
lioji is because thedeseeiit 
of the di.'iphi'agin presses 
down the. viscera and 
bulges out the walls. 
Henc'C, in those accus- 
tomed to hre.’ithe tlius, 
w hen there is any disten- 
sion in the aluloriien. the 
hivath gets embarrassed 
because the. diaphragm 
eannot ileseend. 

Changes in Ke* 
spired Air. We must 
now eoiisider tlu‘ an* that 
1 is ri'spired. We only take 
our solid .and liquid meals 
tliri'i' or four limes a day; 
our air-me.'ds, or bi’ealh, 
we have to take 17 times a minute! 'Flic air wo 
brea(he(if pun^) consists of one part of oxygenand 
four parts of nitrogen, with just tJie least trace only 
of earbonie acid gas ''Die nitrogen is only used to 
dlhUe the o.vffgen, as water is used lo dilute brandy, 
for the oxygen would be too iiery without it. 
Oxygen supports eonihuslion, and enables all sub- 
stances to burn, but w ill not burn itself. The heat 
of the body is kept up entirely by a. ))roeess of slow" 
eonihuslion. Rapid combustion f)roduees a ffnjn(% 
a.s w'lien gas burns in air ; .slow combustion 
produce.-; t<nu)nhhrl.nff, as in the end of a nuiteh 
or cigar, or a red-hot poki'r. But there is a slower 
combustion lliat only produces heat, as when a 
little .sulpluiri<^ acid (oil of v itriol) is poured into 
a glass of water. There is no tlaine or burning, 
but the waiter gets ([uite wwm. This is the 
sort of combustion that takes place in the bixly. 

Gxygen not only kei'ps up the tires of life.; it 
also renew. s the material. All tlie body-cells eon- 
linually need it lo repair their tissue.s, and here 
also it is slow'ly used up. 

Respiration goes on, however, not only to 
supply the body with oxygen, but to get rid of 
tlie earbonie acid and waU'r that is produced 
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^ the combustion and the waste of the cells. 
iSie solid part of cell-refuse is called urea, and is 
carried off in the urine by the kidneys, together 
with a great deal of the water ; but all the gas 
and part of the water are carried off by the lungs 
in the process of respiration. The skin does a 
little respiration also — about ilftth part of that 
done by the lungs. 

Good Air. It is of the utmost importance 
that the air we breathe should be pure. The 
food we take has often to be brought great dis- 
tances to g(‘t it good and pure, but w'e are always 
obliged to br<*athe the air that is close around us ; 
so we should never live or sleep in close, impure, 
unventilated rooms. If we do, we cannot be 
healthy, for w^e cannot get pure air to breathe. 

If we breatlu' the air in a room where a 
immber of peojde aic crowded together, it is not 
only full of ]H)isonou8 carbonic acid gas from their 
breath, but full of decaying pnrHcUs of animal 
matter given off from the skin and lungs of so 
many people. 

The air we inspire, as a rule, is fairly drg^ cooU 
or cold ; is full of and other particles, and 
is com}X)sed of one part of oxygen and four jjarfs 
of nitrogen. The air is drawn into the lungs 
by their being stretched oid and made so much 


Expired Air. Expired air differa ia every 
vrey from inspired air. The analysis of the two 
is as follows : 

Inspired Air: Expired Air: 

Ammonia and 
org. salts . . *4 

CO.^ .. .. *04 CO^ .. .. 4-1 

N .. .. 7915 N .. .. 79*5 

O .. .. 20-81 0 .. ..16 

100*0 100-0 

In short, four parts of oxygen are replaced by 
four of CO.j. 

Expired air is hot^ about blood-heat, fuU of 
water, contains no dust, but much decaying 
animd matter, a considerable amount of carbonic 
acid gas, less oxygen, and the same amount of 
nitrogen. 

You can prove this by experiments : 

1 . To show it is hot. Breathe on the bulb of a 
thermometer, and you will sec it will rise to 
about blood-heat. 

2. To show it is full of water. Breathe on a 
cold looking-glass, or the blade of a steel knife, 
and you will si‘e it is soon covered with drops 
of water. When the air is cold, you can actually 
sc(* the water vapour coming out of your mouth 


larger by mua(*ular effort that a 
vacuum is produced, and the 
air rushes in to fill the space. 

The amount of air taken in 
at an ordinary breath is 20-.‘l() 
cubic inches. This i.s called tidal 
air, for it goes in and out like 
the tide. If you take a very 
deep breath, you can draw in 
100 cubic inches more, which 
is called extra, or complimental 
air. Now, when you have cx- 
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or a horse s nostrils. 

3. To show it contains carbonic 
gas. Buy a little lime-water, 
or make it by mixing quick- 
lime with water, letting it 
stand, and pouring off the clour 
tluid, w hich is lime-water. 

If you breathe* through apiece 
of tube into this w^ater it will 
soon become milky, owing to 
the forming of chalk, which is 
carbonate of lime, and is made 


pirod this ami the tidal air, if carbonic acid of the 

you breathe out very hard you intfrcoRtai inusdfs. tt. internal intorcoBtal breath uniting w ith the lime in 
can expire another 100 cubic imiHclcH (laid bar© on ibe left) the water, 

inches of air, called reserve air, and then. About half a pint of water and half a pound of 
when th(i last particle of air has been bivatlu'd solid carbon passes out by expiration each day, 

out, there still remain, far down in the air- as well as a great deal of body heat. These 


cells, 100 cubic inches of fixed or residual air amounts increase during life from 1 to 30, 


that never leaves the lungs. 

You will ciisily understaml that if the lungs 
hold ordinarily 230 cubic inches of air, and 
can be made to hold 330, the 30 wi* breathe in 
and out only just moves the air in the larger 
tubes, and never reaches llic air-cells at all. 


remain stationary from 30 to 50, then slowly 
decrease. The CO^ expired varies in proportion 
to the amount of muscle waste from work done. 

With quick breathing, rise of temperature, 
and in the autumn, the (X)^ is leas. In the 
spring, and under o])poaite conditions, it is more. 


The wondt*r, then, is liow the fresh oxygen 
ever gets to the blood if the air-cclls and smaller 
tubes are always filled, as the depths of the ocean 
are with water, with an air that never moves. 
Tab is due to the law of diffusion of gasi's, by 
which any two different gases brought together 
at once change [daces. 

When we draw" a breath in, charged with pure 
oxygen, the fixed air beneath in the cells, full of 
earlwnic acid from the blood, at once gives up this 
gas in exchange for the oxygen, while the nitrogen 
never moves at all. Were it not for this law, fresh 


Of 100 parts of (X).j daily expir(*d,52 jmrts are 
ex[)ired in 12 hours during the day, and 48 in 
12 hours at night. 

Of 100 parts of 0 inspired, 33 parts are al)- 
sorbed in 12 hours during the day, and 67 in 12 
hours at night. This shows that it is more 
important that the air breathed at night be 
pure than the day air, contrary to what is 
gen(‘ralJy supposed. In exercise one-third more 
air is required. 

flow Arterial Blood ia made. We 

must now describe the ‘changes effected ia the 


air would never reach the blood at all. We quite 
-understand that carbonic acid gas is not made in 
the lungs, but all over the body, and all that takes 
place in tli^ lungs is its exchange for oxygen. ' 


blood by respiration. 

The venous blood, laden also with organio 
refuse from the tissues and from the lymphatios/ 
arrives at the lungs through the pulmoaary 
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artery from the right lieart, and \h spread out in 
the finest capillaries on the outside of all the 
air-cells. There, not by mere filtration, but by 
what is believed to be some vital action of the 
air-cells, a little over 4 p<‘r cent, of is 

mtroducfd into the air togell er with about 
*4 of effete animal matter and ammonia out of 
the blood, vdiile to keep the balance, a corre- 
sponding amount of O is introduced with tlic 
blood, with the effect of at once making it 
bright scarlet. 

Tire following experimemts will il lust rat <* 
the way in which the change lK‘t^^een the two 
gases takes plac^e in the lungs : 

1. If blood is allowed to run 
fi*om a vein, and form a clot in 
a plate or saucer, the outside of 
it will be seen to become bright 
i^ed, Iwcause the carbon i(^ acid 
passes into the air, and tlu^ 
oxygen takes its place. But 
underneath, or inside, it remains 
quite dark, and if you suddenly 
turn it over, you see this, though 
the dark part soon bc'comcs 
bright when exjiosed to tin; air. 

2. If you get a little bright 
^V^ood in a moist bladder and hang 

it in a jar of lairbonic acid gas, it 
gets purple. If 3^11 now hang it 
in the air in a jar of oxgyen, it. gids 
bright red again, showing that 
the gases can pass through the 
walls of the bladder as tliey ])ass 
through the air-ccll nu‘mbran(‘. 

Such, then, is the normal ju’oeess 
of respiration; l)ut various abnor- 
mal [)rocosHcs occur. 

Abnormal Respiration, 
difficulty of breathing, culminating in breathle.ss- 
nesH, is due rather to deficient oxygen ratlicr 
than excess t)f (T)o, as is shown by experiment. 
But at times, as in breathlessness eauscal by 
excessive exertion, as from running races, it 
is caused by the CO. from the. usc(i-up tissues 
accumulating faster than it can be got rid of. 

Apnrua, or ceasing to brc.'ithe, occurs at d<*atli, 
and also temporarily after several lapid inspira- 
tions. 

Asphyxia follows failun^ in the supply of 
oxygen. There is first exaggerated bn^athing. 


then convulsions, th(‘n exhaustion and death. 
The blood accumulates in the right lieart, and 
becomes venous all ovc'i* the body. 

Excess of 00.^ does not produce asphyxia, 
but narcotic ])()isoning. 

Ordinary expiration is quit(‘- quiet, because 
the larynx is kept widely ojien, and tli(‘ two 
bands known as the vocal cords an* far aparl. 
If they are brought togetlier., how(^ver, some 
sort of sound is made in expiration. Talking 
and singing, groaning, laughing, coughing, all 
taki* plaeci in tliis way. 

Sound is only formed in the larynx, \vords arc 
ma(l(‘ in the mouth. In laugli- 
ing the breath comes out in a 
scries of (‘xplositms ; coughing is 
v(‘ry similar. The Imaith seems 
to l>urst ()[)en the vocal cords. 
Indeed, the two are so nmeli alike 
that if a person laughs and coughs 
at the same time it is bard to tell 
the OIK' from the other. 

Sighing and gaping aie two 
special forms of ins[>iration \ve 
will (‘X plain Ik'Iv. If from any 
cause insutficic'iit oxygen is 
getting into tlu* blood, as, for 
instan<*('. when a boy is sitting 
wiiting or studying, and breath- 
ing very gcaitly for a long tim(% 
the ner\M'*e(‘ntre that controls 
lb(‘ breathing sends an impulse 
to fill flu* lungs with fn'sli air, 
and be heav(‘s a sigh, which is 
thus an ('fTort of Nature to get 
(‘uough oxygen. Jointing is an 
effort made for llu' same reason. 
Yawning is a still mori^ dt'ler- 
mined effort of Nature to get all possible air into 
the lungs. The head is thrown back to of)en tb(' 
laiynx to its fullest (‘xtent, tin* nostrils and 
mouth are both widf'ly ojx'ued, and all the 
iiniseles ,'ir(‘ u.sod ; tin* arms are extench'd, and 
the body is thrown back so as to .stretch out fhe 
lungs to tin' greatest po.ssible si/.c, and thus 
supply the blood with ph'Uty of oxygt'U. 

Iliecough, coughing, sneezing, sniffing, sobbing, 
laughing, sucking, are (‘xaiuples of various 
forms of insjhration and expiration of s^x'cial 
character and for otla'i* purpf)ses than ordinary 
respiration. 




66. FORM OF THE .STERN FM, 
1)I.M»HRA(.’M, AND AROOMINAI, 
WAIJ< IN (1) EXIMRATION, (2) 
I N'SIM RATION 

a. Tradioa. t>. Steniuni. <•. 
liiiragm. #/. Abdominal wall. Tbo 
(lotted {)ortioii rcprctteatft the fda- 
tionary air 
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fsuppqs^ to have been sung by the Royal bards 
at Holyrood) are among Hogg’s most popular, 
and deservedly popular, compositions. Thei *0 
is more that is enduring in the poetry of Hogg 
than in that of any of the others * wo have 
named since Oabbe, and tlie 
general reader, no loss than the 
student, must devote consider- 
able attention to his works, 
though his prose writings need 
not engage any but the student. 

Wordsworth's Life. 

William Wordsworth (b. 1770 ; 

<L 1850) is one of the groaicst 
poets of the nineteenth century. 

Indeed, his intlucnce, which was 
of slow growth at the outset, is 
growing yet. He came of an 
old-established family, and in 
his early days was greatly 
influenced by the ideals of 
French Republicanism and the 
teaching of William (lodwin, th(? 
author of “Political Justice,” 


Dove Cottage, Allan Rank, and Bydal Mount 
respectively. “ The Prelude ; or, the Growth 
of a Poet’s Mind,” an autobiographical poem 
in blank verse, reflects the iniliicneo of (.kmli- 
nental travel — Wordsworth visited Germany, 
Italy, and Switzerland as wt‘ll 
as Franc o— and the philosophical 
views of (Jodwin. That poem 
and ‘’The l^xciirsion” are parts 
of a seheiue which was never 
completed. 

Wordsworth as a Critic. 

Wordsworth has to be considered 
in three aspects— as a critic, as 
a tcach(‘r, and as a poet. His 
critical opinions may be studied 
in the prefacu^ and appendix 
to the “ Lyrical Rallads,” the 
preface to ” The Excursion,” 
and in num(Woiis hitters. In 
the preface to the Lyrical 
Ballads ” ho writes as follows : 
” It may be safely atlirmcd that 
there neither is, nor can be, any 
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a work basing morals on neces- 
sity, , who also had a marked 
influence on (Vileridgc. When 
France, having first debased 
them, forsook her humanistic 
ideals for dreams of world con- 
quest under Napoleon, the efTeet 
on Wordsworth would have been 
disastrous but for the devotion 
of his sister Dorothy and tin 
fact that a legacy of £1)00 left 
to the brother and a sum of 
.£100 bequeathed to the s'sfer 
enabled them to settle down 
quietly, first at Raccidoum, in 
Doi’sot — where Wordsworth’s 

one tragedy, “ Tiie Borderers.” 
was written — then to Alfoxdcn, 
by the Quantock hills— which 
district inspired his and Coleridge s contribu- 
tions to the volume of “ Lyrical Ballads ” — 
and, finally, at Grasmere. Ihis was the home 
of the Wordsworths from 1799 till the poet’s 
, deatht tho three places of residence there being 


essential dilTerenee hetw<‘ori flio 
language of pros and metrical 
eompositioii. We are fond of 
tracing the rt'semlilaneo belwoi'U 
poi'tryand painting, and aeeord- 
iiigly we call them sisters ; but 
wlu'n* shall W(> find bonds of 
eonn(‘(;tion suftieiently strict to 
typify th(; allinity iM^fwixt 
metrical and prosti com posi- 
tion ? Tiiey both speak by 
and to the saim^ organs ; tho 
bodies in which both of them 
arc clothed may be said to 
b<} of the same substamre, 
their affections are kindred 
and almost identical, not neces- 
sarily differing evmi in <legree.‘’ 
Pursuing the same idea, ho 
writes in the appendix to the “ Lyrical Ballads ” 
that “ metre is but adventitious to composition,” 
and that “ the phraseology for which that pass- 
port is necessary, even where it may be graceful 
at all, will be little valued by the judicious.” 
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^ The best proof of the error inherent in the 
of poetry thus set forth, Avhieh runs 
counter to all we agriicd upon at the outset 
of this course, is to be found in Wordsworth's 
own work. Elscw']u*re, in his int(‘ns(». soorn 
for the artitieial and th(^ meretricious, which 
were so characttu’isth; of much of the poetry 
of the eighteenth ccmtiiry, Wordsworth Avent 
to the verge of tlu^ trivial. Jhit though 
he raised a storm of eriticfism, w'hieh delayed 
due recognition of his surpassing genius and is 
not yet exhausted, it is well to riunember Avith 
(^oleridgo, one of the greatest of literary critics, 
especially where WordsA^’orth is eoneerned, that 
but for the pndaees and appendices much of 
Avhat has been said against VV'ordsAAorth’s 
poems would be rediict^d to absurdity. The 
few pages that gave such an opportunity to the 
pungent parodists of “ Rejected Addresses,” 
to Byron, to Leigh Hunt, to Jeifrey, and to 
others to pour scorn on WordsAvorth, Avould, hut 
for the fear that they rej)res('nted an intention 
to overthrow the accepted canons of art, have 
l)een “ passed over in silence as so much blank 
paper, or leaves of a bookselh'r’s catalogue,” 
and ” only regarded as so many light or inftu ior 
coins in a rouleau of gold.” 

The Teaching of “Wordsworth. As a 
' teaelier WordsAvorth exprcss(‘d his ])urpose to 
be: “To console the afflicted, to add sunshine 
to daylight by making the happy happit'r, to 
teach the young and the gracious of <!V(‘ry 
age to S(‘c, to think, and feel, and. there- 
fore, to become more actively and securely 
virtuous.” It Avill be seen from this h(i 
took his vocation seriously. “ 1Mie ])oet,” 
lie aviTred, “ is a tcaelu*r. [ Avish to be con- 
sidered as a teacher or as nothing.” What 
did he teach ? (toorge Brimley, in one of (he 
^lost brilliant of his essays, Aviitteii in 1 851 
and still applicable, contends, Avitli reason, (hat 
the value of Wordsworth's (cacjhing “lay 
mainly in the poAver that Avas given him of un- 
folding the glory and the beauty of the material 
Avorld and in bringing consciously before the 
minds of men the high moral function that 
belonged in the human economy to the imagina- 
tion, and in thereby redeeming the faculties 
of sense from the comparatively low and servile 
office of ministering merely to the animal 
pleasures. ... Ho has shoAvn tlie possi- 
bility of combining a stale of vivid enjoyment, 
even of intense passion, A\uth (lie activity of 
thought and the rci)Ose of contemplation. He 
lias, mon‘ovcr, done more than any poet of his 
age to break down and obliterate the con- 
ventional barriers that, in our disordered 
social state, divide rich and poor into tAvo 
hostile nations ; and he has done this, not by 
hitter and passionate declamations on the in- 
justice and vices of the rich, and on t lie Avrongs 
and virtues of the poor, but by iixing his 
imagination on the elemental feelings, Avhich are 
the same in all classes, and dra\Aing out tlie 
beauty that lies in all that is truly natural in 
human lifeL” 

The Poetry of Wordsworth. Was 

Wordsw orth a poet ? Indubitably ; as Elato 
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and Dante Avere poets. None hut a groat 
poet could have Avritten such lines as these 
from the poem “ Composed a few miles aboA^e 
Tintern Abbey,” in 1708 ; 

“ For 1 ha\"o learned 
To look on Nature, not as in the hour 
Of thoughtless youth ; but hearing oftentimes 
Hie still, sad music of humanity, 

Nor harsh, nor grating, though of ample power 
To chasten and suIhIuc. And I have felt 
A presence that disturbs mo Avith the joy 
Of el(‘vatcd thoughts ; a sense sublime 
Of something far more deeply interfused, 
Whose dwelling is the light of setting suns, 
And tin* round ocean, and the living air. 

And the blue sky, and in the mind of man : 

A motion and a spirit, that impels 

All thinking things, all objects of all thought, 

And rolls through all things.” 

Iwot the student who st'cks to find WordsAvorth 
at his l)(*st also ponder tlu^ (‘.\quisit ^ ode entitled 
“ Intimations of Immortality from Recollecjtions 
of Early Childhood.” But Wordsworth’s claim 
to rank among (ho immortals might be based 
on his sonn(‘ts alone. From AvhatoAW stand- 
point it may be lookcnl at, the sonnet “ Com- 
posed upon Wc^stmiiister Bridge, Septemlxu* 
3rd, 1802,” is one of (he finest in the language : 

“ Earth has not anything to show more fair. 
Dull would he bo of soul who could pass by 
A sight so touching in its majesty. 

Tins city now doth, like a garment, Avear 
The beauty of the morning ; silent, bare. 
Ships, towers, domes, theatres, and temples 
lie 

Open unto the fields, and to the sky, 

All bright and glit tering in the smokeless air. 

Nev^er did sun more beautifully steep 
In its first spk'ndour, A^alley, rock, or hill ; 
Ne’er saAV J, nev(‘r felt, a calm so deej) ! 

The river glid(!th at his own sweet Avill. 
Dear (jlod ! the vt^ry houses seem asleep ; 
And all that miglity heart is lying still ! ” 

There is nothing in the P3izabethan writers of 
the soniKit to surpass the above in perfection of 
form. Tennyson never Avrt)te more tnily nor 
with finer insight than wlu'u, in Wordsworthian 
phrase, he declared that the Laureate’s wreath 
came to him. 

“ Orcen(‘r from the brows 
Of him who uttered nothing base.” 

It is unnecxNSsary to urge Wordsworth upon the 
gent*ral reader, for he is so securely a popular 
classic that his poetry Is in no danger of neglect. 

Coleridge. Chief of Wordsworth’s con- 
temporaries Avas Samuel Taylor Coleridge 
(b. 1772 ; d. 1834). (bleridge was a talker, a 
preacher, a philosopher and a mystic. His 
best Avork belongs to his early years, when he 
AA'as inspired by his love of nature and by the 
reA'ohitionary idealism of Prance, and w'hen, 
AA'ith Southey and Robert Lovell, ho planned 
the foundation of a Utopia “ in the rich heart 
of the West.” Unhappily, all through his life, 
plans came more easily to him than jicrformance. 
His life story is one of the saddest in English 
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literary history. His hoalth was poor, and his 
habits were worse. It is a notable fact that 
his ballad epic of ** Christabel,’* though a frag- 
ment, exorcised in MS. form, some twenty years 
before it was published, a wonderful influence 
oh' Scott and other contemjK)rary English 
poets. ‘‘In this weirdly beautiful creation,” 
says one critic, “ the spiritual and material 
are so exquisitely blended that it is difficult to 
know where they run into each other.” For 
an explanation of the dreamland heauly of 
” Christabel ” and the ” Rime of the Anek nt 
Mariner ” recourse must bo had to the German 
philosophers, particularly to Goethe, Herder, 
Schelling, and others of their school, to whom 
Coleridge was much indebttjd. Mr. Swinburne 
says of “ The Ancient Mariner ” that it is 
” perhaps the most w'onderfiil of all poems. In 
reading it we seem rapt into that paradise 
revealed by Sw'edenborg, where music and 
colour and perfume were one, where you could 
hoar the hues and see the harmonics of heaven. 
For absolute melody and splendour it w<‘ro 
hardly rash to call it the first poem in the 
language.” Even so, Coleridge may prove a 
difficult poet for all save the advanced student 
and the genuine lover of poetry. 

Scott and Tannahill. Sir Walter 
Scott (b. 1771 ; d. 1832), on the other hand, 
is essentially a poet for the young. ReiR'lled 
by the Revolution from visions of the future, he 
sought and restored to hdters the romance of 
the past. ” The Lay of the Last Minstrel,” 
” Marmion ” and ” Tlie Lady of the Lakt*,” his 
best poems, are for the million what ” ( lirista- 
bel” and “The Ancient Mariner” are for the 
comparatively few. For pure joy in nature, 
and love of humanity Scott was not excelled by 
either Wordsworth or Coleridge, though th(*re is 
a certain mechanical touch in his ver.so and a 
mannerism which prevent its being classed with 
the greati^st English poetry. 

Another Scots poet, and one of th(^ greatest of 
song writers, was Robert Tawnaiiiij. (b. 1774 ; 
d. 1810), a Paisley weaver, whose life was sad 
and ended tragically. His ”Bia *s o’ Glcuiffer ” 
and ” Jessie, the Flower o’ Huiiblane ” .arc 
favourite lyrics with Scotsmen the world over, 
and are assured of immortality. 

Southey and Landor. Robert Sot they 
(b. 1774 ; d. 1843), as a poet, is little honoured 
to-day, though Mr. Saintsbury boldly champions 
his cause. His change from a democratic 
to a Tory standpoint (exemplified in the 
difference liotwecn ‘‘Wat Tyler” and “The 
Vision of Judgment ”) may have had some 
inffuenoo on popular taste ; but his choice of 
subjects is perhaps the chief reason of thi‘ 
neglect into which he has fallen. Of his longer 
works, “ Roderick, the Last of the Goths ” is the 
best. The others are “ Thalaba, the Destroyer,” 
a rhymed epic of Arabia ; “ Madoc,” a semi- 
historical poem, descriptive of the adventures 
oi a Welsh prince ; and “ The Curse of Ke- 
hama;** a poem in irregular rhymes, the theme 
of which is drawn from Hindu mythology. 
Southey is better known by such spirited 
ballads as “The Battle of Blenheim,” “The 


Well of St. Kcyne,” and “The inchcape Ilo(k.’’ 
The name of Walter Savacje Landor (b. ITtT ^ ; 
d; 1804) recalls one of tlie most touching 
stories in the romance of reality. It is told 
with exquisite sympathy by Sir William Hunter 
in the introductory chapter of his “ Thackeray.s 
ill India.” Midway in the inip(?tuou8 rush 
of his stormy youth Umdor found kindness 
in the family of Lord Aylmer, with whoso 
gifted daughter Rost‘ he fell in love. The 
affection was mutual. It w'as Rose Aylmer who 
lent him the book which inspired the work — 
“ Gebir ” — in which his genius first Hashed out 
into enduring fiame. Hope told a flattering 
talc, and then Rose Aylmer w'as sent out to 
relatives in Calcutta, there to find an early 
grave. For days and niglits her image nevt*r 
left Laiidor's brain. “ During hours of sleep- 
lessness he wrote the elegy which enshrines in a 
casket of pearl the namt' of Rose Aylmer as 
long as maidi'ii h(*arts shall ache and the English 
language endure ” : 

“ Ah, what avails the sceptred race ? 

Ah, what the form divine ? 

What eveiy virtue, every grace ? 

Rose Aylmer, all were thine. 

Rose Aylmer, whom these wakeful eyes 
May w'c^ep but never sec, 

A night of memories and of sighs 
I consecrate to thee.” 

T.*andor gave a marked impetus to the Romantic 
movtunent. and while he is mon^ for the student 
than for the general reader, the latter must 
make some acquaintance with his poetry and 
his prose. The poems of Charles Lamb 
(b. 1775 ; d. 1834) are cbielly valuable as 
expressions of bis gentle nature. 

Campbell and Moore. Thomas 
Campbell (b. 1777 ; d, 1844) is, like Southey, 
best romemb(‘red by liis lyiieal poems — 
“ Hohenlinden,” “ Mariners of England,” 
“ The Soldier’s Dream,” “ TA>rd UUiu’s 
Daughter ” and tlu* “ Song of the Evening 
Star,” aro among tliein. His “ Pleasures of 
Hope ” is an echo of Thomson and Gray. 
Thomas Moore (b. 177ff ; d. 1852), who wrote 
. “ Lalla Rookli ” and many songs to old Irish 
airs, had in abundance the double gift of vocal 
and poetic melody. His poetry, said Jeffrey, 
was as the thornless rose ; “its touch of velvet, 
its hue vermilion, and its graceful form cast in 
beauty’s mould.” “ To inc,” sa id Byron, “ .some 
of Moore's last Erin sjiarks — ‘ As a Beam o'er 
the Face of the Waters,’ ‘When ho v\ho Adores 
thee,’ ‘Oh, Blame not the Bard,’ ‘Oh, Breathe 
not his Name,’ are worth all the epics that ever 
were composed.” But Moore posscssi^s claims 
in addition to those dependent on the charm 
of his “ Irish Melodies.” His latest critic, 
Mr. Htepheii Gwynn, remarking on the iniTcas* 
ing virtuosity shown during the nineteentli 
century in the managmnent of lyric metres, 
says : “ From Cowper and Crabbo to Mr. 

Swinburne is a strange distance ; and it has not 
boon sufficiently realised that Moore is very 
largely responsible for the advance. Matiy 
critics have noted the change from the strictly 
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syllabic scansion of Pope's school to metros like 
those of Tennyson’s ' Maud,' and a hundred 
later j)Ocms, in which syllabic measurement 
is wholly discarded. It has been noted also that, 
even in the freer metres of the sixteenth and 
seventeenth centuries, l^^ric writers eonhned 
themselves to variations of the trochee or 
iambic, and that an anapiestic or dactylic 
measure is hardly found before Waller. Jhit 
it has been hardly r<‘cogni8cd that till Moore 
began to use these triph' feet no pO('t used 
them with dexleritj’^ and confidence. . . . Tt 

is Moore’s great distinction that he l>rought into 
English verse something of th<^ variety and 
multiplieity of musical rhythms.” Five other 
poets eallior brief mention liere : 

Other Contemporaries of Words- 
worth. Ebknkzkr Elliott (b. I7HJ ; 
d, 1849), whoftti “ Corn Law Hhym(‘8 ” 
have S(U*ved to distr.aet attention from his 
transcripts from Nature ; William I'ennant 
(b. 1784 ; d 1848), whoso of ” Anstcr 

[Anstrufber] Fair” was mod<‘llcd on an Italian 
style, whieli Byron adopted for ” B(‘f)p<) ” and 
” Don Juan,” and thus definitely aeelim.itised ,* 
Leigh Hunt (h. 1784 ; d. 18r>9), whose reputa- 
tion, largely due to his pros{^ writings, would not 
ho inconsiderable mimo it based only on 
“The Story of Rimini,” and his other and 
shorter poems, of whieli ” Abou Biui .Adhem,” 
and “Jenny Kissed Me” an* most familiar; 
Thomas Love Peacock (b. l7So ; d. 18(M>), 
who wrote a number of delightful lyries which 
are to be found in bis novels ; and Bhyax 
Wali.kr Pro( ter (“ Jhirry Cornwall ” ) (1). 1787 : 
d. 1874), who, while ho is better known for his 
ap])re(uations of poetry than as a ]) 0 (‘t liiins(‘lf, 
wrote at least one good song, “ 'I’he Sea.” 

Byron. Lord Byron (b. 1788 ; d. 1824) 
W'RS some little time ago stmngly eommonded 
to M’orking-elass r(‘aders by no l(!ss an authority 
than Mr. John Morley. Since the reaction 
following the somewhat flattering liero-wonship 
to wliieh he was once subjected, Byron has 
enjoyed a far greater ])opiilarily on the Con- 
tinent than in Knglaml. Tt is es])eeially true 
of Byron that witliout some knowledge of tho 
successive stages of his short but crowdtKl 
life, his belongings, his surroundings, his friend- 
ships, and his fortunes, a great deal of his poetry, 
as his lati^st (‘ditor, Mr. Ernest Hartley Coleridge, 
points out, larks significance. Jlis output was 
largo. It eomprises two epics, or quasi- 
epics, “ (^hild(^ Harold ” and “ Don Juan ” 
— which constitute his best work - twelve 
narrative poems, eight dramas, seven or 
eight satires, and a multitude of oru'usional 
poems, lyries, epigrams, and jeux d' esprit. As 
to the dramas, Mr. Coleridge, who rmninds 
ns that “ W(‘rner ” was the only on<^ that 
took any hold on the stage, considers 
“ Sardanapalus ” “ by far the greatest and 
most original ” of the “ regular ” plays. The 
importance of Byron is well tixpressed by the 
same critic : “ He brings the wdsdom of the 
many to bear upon his individual experience, 
‘ touching it w ith emotion,’ and re making 
it by the potency of his wit. His wisdom is 
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not that of the market, nor of the cloister, nor of 
the academy, but of a man of the world who 
has realised and faced th(' problems of existence. 
If he ‘ taught ’ us little of the spii*itual amenities 
of the soul, he has taught us the limitations of 
our hopes and fears, and to bear with reverence 
and submission the burden and the mystery 
of our fate. He is neither pessimist nor optimist, 
but he n^asons concerning things as they are, 
and the judgment which is come already.” 
He shows, in short, how hollow are many of the 
baubles for . which a section of democracy 
craves. He is a keen satirist and a humorist 
“ of the following of Rabelais and Sterne.” 
Coleridge has described him as “ the parent 
of modern fun.” According to Dr. Brandes, 
“ French Romantuusm and (ierman Liberalism 
are both direct descendants of Byron's 
Naturalism.” ^'he vogue of Byron’s verse- 
romances induced Scott to turn to ])rose. 

“ With l^yrou,” says Mr. Gosse, “ the last 
rags of the artificiality wliich had hound 
European expres.sioTi for a century and a half 
were tom otT and ilun;? to the winds. Ho 
taught roughly, melodramatically, inconsis- 
tent lv% but h(^ tauglit a l(‘sson of fon^e and 
vitality. He was full of technical faults, dry- 
n<‘sses, llatn(*ss(?s ; he lacked the power to 
finish ; ho offended by a hundrcKl careless 
import ini'iices ; Vml bis whole being was an 
altar on w’hi(4i the tlanie of personal genius 
llar(‘d lib* a conflagration.” Jn a word, Byron 
liad tlic triie poetic “glamour” ; a p(‘rsonality 
not to be Hhackl(‘d by any laws of ihytlim or 
rhyme. No read(‘r with any taste for poetry, 
r<‘<ponsive to the pas.sionaU^ (‘xpression of a 
soul unrestful, wdll need to l)e urged to the 
reading of Byron: once taken up, his poetry has 
a compelling force unsurpassed, if not unrivalled, 
by that of any other writ(*r of the century. 

Shelley. Jn the ease of Fercy Bysshe 
Sheli.ey (b. 1792 ; d. 1822), the studentof poetry 
must he wairned against being misled by warped 
and narrow views concerning Shelley’s life. 
Shelley was, as Byron was, a herald of revolt ; 
but he was also, what Byron could ha^*'*V be said 
to be, an idiuilist. Byron w'as at tir sincere ; 
Shelley alw^ays so. If Shelley erred, as we may 
think, against the social conventions, it was not 
out of contempt nor in any spirit of reckless 
libertinism, but because he had constructed for 
liimsf'lf a philosophy and adhered to it. His 
principal works are “ Queen Mab,” ” Alastor,” 
“ The Revolt of Islam,” “ Prometheus Un- 
bound,” “ Tho Cenci,” “ Julian and Maddalo,” 
the “ Witch of Atlas,” ” Epipsychidion,” 
“ Adonais,” and “ Hellas.” In “ Queen Mab ” 
wore expressed the mingh^d idealism and atheism 
of the Revolution. “ Prometheus Unbound ” 
is W’ell deserib(Kl as “ the finest example we have 
of the working out in poetry of the idea of a 
regtjnerated universe. ” “ Adonais ” was a lament 
for the death of John Keats. ” The Cenci ” is 
the most powerful drama in English since 
Otway’s ” Venice Preserved.” Shelley’s was a 
divided personality ; he lived in the world, but 
all his thoughts soared into the empyrean. As a 
poet of tho imagination, he was immeasurably 
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(Superior to Byron. Of his lyrics, the “ Ode to 
the West Wind is as imperishable as anything 
in .English poetry. “ At his best,” says Mr. 
Gosse, “ Shelley seems like .^schylus, and, at 
Ills worst, merely like Akensido.” 

Keats. To turn from Byron and Shelley to 
John Keats (b. 1795 ; d. 1821) is like passing 
from a storm in which body and soul have been 
engaged to some sweet resting-place. Keats 
leaves the problems of passion - whether physical 
or purely intellectual— alone, and tunes his lyre 
to hymns of beauty and the praise of nature. 
He is one of the Hi's! of modern literary poets, 
drawing his inspiration largely from Ancient 
Greece and Elizabethan England, though the 
influenoe of his friendship for lx?igh Hunt is 
distinguishable in his early poems. “ Keats,” 
writes Mr. Gosse, “ has been the master-spirit in 
the evolution of Victorian poetry. Both Tenny- 
son and Browning, having in childhood been 
enchained by Byron, and then in adolescence by 
Shelley, reached manhood only to transfer their 
allegiance to Keats, whoso influence on English 
poetry since 1830 has been not Ii'ss universal 
than that of Byron on the literature of the 
Continent. ... In spite of what he ow(^8 to the 
Italians ... no poet, save Shakespeare himself, 
is more English than Keats ; none present s to us, 
in the harmony of his verse, his personal 
character, his letters, and his general tradition, 
a figure more completely attractive nor better 
calculated to fire the dreams of a generous 
successor.” When the critics attacked “ Endy- 
mion,” the attack was meant to reach, through 
that poem, the de* tested politics of I^igh Hunt. 
Not only Browning and Tennyson, but Dante 
Gabriel Rossetti, William Morris, and Algernon 
Charles Swinburne owe much to Keats. 
“ Hyperion ” is a beautiful fragment ; the odes 
“ On a Grecian Urn” and “ 'Co a Nightingale,” 
the sonnet, ” On first Looking into Chapman’s 
Homer,” and the poems, “ The Eve of St. 
Agnes ” and “ La Belle Dame Sans Merei,” stand 
by themselves in the foremost ranks of their kind. 
They are the work, be it remembered, of one 
whoso father worked in a livery stable, and who 
began life as a surgeon’s apprentice. 

Othe«* Poets of the Early Nineteenth 
Century. There are many names to be men- 
tioned before we come to the next one of out- 
standing importance. Among them are Edwin 
Atherstone (b. 1788 ; d. 1872), author of ” The 
Last Days of Herculaneum ” ; Sir Aitbrey De 
Veke (b. 1788 ; d. 1846), who w'ent to school with 
Byron, was a friend of Wordsworth’s, and wrote 
several fine sonnets and two dramas of much 
poetic strength, “ Julian the Apostate ” and 
“Mary Tudor”; John Clare (b. 1793 ; d. 
1864), who was the son of a poor labourer, and 
whose “ Poems Descriptive of Rural Life ” owed 
much, as Bloomfield’s did, to the influence of 
Thomson’s “ Seasons ” ; Hartley Coleridge 
(b, 1796 ; d. 1849), eldest son of Samuel Taylor 
Coleridge, and a sonneteer of much felicity and 

K fulness ; George Darley (b. 1795 ; d. 

, oririo, and author of a pastoral,*^ Sylvia,” 
and a poem» “ Nepenthe,” in which, amidst 


much gorgeous imagery, he worked forward to 
the apotheosis of Contentment ; William 
Motherwell (b. 1797 ; d. 1835). a Scots song- 
wTiter, whose “ Jeanie Morrison ” and “ My 
Head is like to Rend, Willie,” are classic north of 
the Tweed ; Thomas Hood (b. 1799 ; d. 1845), 
whose “ I remember, 1 remember,” “ The Dream 
of Eugene Aram,” “ The Song of the Shirt,” and 
“ The Bridge of Sighs,” are as truly poetry of the 
heart as his inimitable humour was original ; 
William Thom (b. 1798 ; d. 1848), a Scots liand- 
loom w(iavcr, and author of a remarkable 
poem entitled “The Mithorlcss Bairn”; Lord 
Magaiilay (b. 1800 ; d. 1859), whose “ Lays of 
Ancient Home ” call for mention h(*re ; Sir 
Henry Tayi.or (b. 1800; d. 1886), whose 
“ Philip van Artevelde” is to be commended as 
a study in human history as well as an experi- 
ment in romantic (literary) drama ; Charles *1. 
Wells (b. 1799 ; d. 1879), the friend of Keats, 
and thci beauties of whose “ Joseph and His 
Brethren,” a Biblical drama, were neglected till 
attention was drawn to them by Mr. Swinburne ; 
William Barnes (b. 1801 ; d. 1886), the pastoral 
poet of Dorsetshire ; Wtnthrop Mack worth 
Praed (b. 1802 ; d. 1839), a writer of bright, 
witty “society verse”; JamesClarenceMangan 
(b. 1803 ; d. 1849), whose? life was a tragedy ; 
Richard Henhv Horne (h. 1803; d. 1884), 
wlioso fine epic, “ Orion,” was sold first 
at one farthing per copy, “ ns a sarcasm upon 
the low estimation into which epic poetry had 
fallen”; Thomas Lovell Bkddoes (b. 1803 ; 
d. 1849), an introspoetivo poet, wliose “ Death’s 
Jest Book ; or, the Fool's Tragedy,” pro- 
claims him a good poet if a poor dramatist ; 
Laman Blanchard (b. 1804 ; d. 1845), who 
claims kinship with Hood and Praed ; Chari.es 
Whitehead (1). 1804 ; d. 1862), author of “ Tiie 
Solitary,” and “ Tiie Cavalier ” (a blank versi? 
drama), who lies, like CJiaHertori, in a pauper’s 
grave; Robert Stephen HtwKKR (b. 1803; 
d. 1875), the inspired poi^t-priest of .Morw’enstow ; 
Thomas Wade (b. 1805 ; d. JH75), who sat at the 
feet of Shelley, and wrote several (^xeellent sonnets 
and a numbtT of ambitious plays ; Edward 
Lord Lytton (b. 1803, d. 1873), a genius of 
proU*an industry, w'host^ only failure (with the 
ex(?epUon of his domestic life) was as a poet ; 
Elizabeth Barrett (Browning) (b. 1806; 
d. 1861), wliose “Cry of the Cliildren,” “Casa 
(Jiiidi Windows,” “ Poems Before Congress,” 
“ Aurora LeigJi,” and “ Sonnets from the l\)rtu- 
giieso,” hespi^ak the (‘xrpiisite tenderness of a 
womanly woman more than ih(?y display the 
technical exei'llence of a poet; John Sterling 
(h. ISOt) ; d. 1844), whose life — it is enshrined in 
Carlyle’s splendid memoir — is his best poem ; and 
Richard (hiENEVix Trench (b. 1807 ; d. 1886), a 
wTiter of some sincere and simple poet ry, a note- 
worthy divine, and a distinguished philologist. 

Every poet named in this group is of some 
importance to the student, but with the excep- 
tions of Hood, Macaulay, Praed and Elizabeth 
Barrett Browning, the general reader need not 
be expected to have more than a partial 
knowledge of their writings. 
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HORSETAILS, MOSSES, & LIVER-WORTS 

Structure and Life History of the Horsetail, Club-moss, and Selag- 
inella. Alternation of Generation in Seed Plants Moss Colonies 


By Professor J. R. AINSWORTH DAVIS 


HORSETAILS {Kquisdituv) 

The ejctinei iiK inbers of the; Horsetail i^rouf) 
playc'd an important part in the formation 
of coal vegetation, but all existing forms belong 
to a single genus {Equisdum)^ most species of 
which are of comparatively small size. One 
tropical hoivsi'tail (E. qiqanteuw)^ howevcT, 
I’eaehes the height of over 30 feed, and one of 
our native forms {E. maximum) may be as 
much as t> ft. in length. 

Structure of Field Horsetail 
{E. arvense). The small field horsetail of Jh’itain 
abounds in Waste places of damp character, and 
grows from a crei'ping underground stem, which 
it is very dillicult to cra(ficat(\ Barien and 
fertile shoots push up from this in spring to 
the height of about a foot. The form(‘r consist 
of a hollow, jointed stem, from the nodes of 
which stiff circlets of narrow grcim branches 
grow out, the leaves being rejm'senU^d by a 
toothed sheath at tlu' base of each ciivlef*. 
Those pai’ts an? strengthened by a goofl deal of 
flinty matter, so mucli so that this si^ecics 
and ite cousin, the Duteh rush {E. hyemaU), 
are nfl(?d for polishing metal. 

A fortilo shoot possesses loaves hut no hranehes. 
and ends in a clul>'sliap('d “ llower " (182, 
where note also one of tlu^ toothed h^af'sheatlisj. 
This is made U]) of a large mimlMM’ of stalked 
spore -lea ve»^, eaeh of which beans a set of cdoii- 
gated spon?-Civses, in which numerous rounded 
spores are produced [196J, all of the same size, 
as in ordinary ferns. Tn soiiu^ horsetails both 
f(?rtiIo and barren shoots bear branches. 

How the Spores are Scattered. The 
covering of the ripe spore splits into four 
threads, ektUrti^ whieli spreatl out when <h’y, 
blit coil round the sjion* when damp [196]. In 
the former condition they help to pusli the 
spoi'es out of tlieir eases, aiitl give an increased 
surface which helps dispersal by the wind. 

Life History of the Horsetail. Although 
the horsetail spores are all of the same size, 
they give rise t») (wo kinds of prothallus, male 
and fi?mak', which respectively jirodiK?.* sperm 
and egg organs. Ihe prothalli arc not unlike 
those of an ordinary fern, and the egg-cells are 
fertilised in the same fashion. 

CLUB MOSSES (L//r oi)v:lina ) 

The little elub-mosses of our moors and 
mountains arc the dwarfed representatives of 
a group that was dominant in the days uhen 
our coal was being formed, at wdiieh time many 
of them were largo forest trees. The most 
striking British s})ecics is 
the stag's-horn elub-moss 
{Lycopodium damtmn) [197] 
the long forking stems of 

1310 


which are thickly covered with scale-shaped 
lc?avt‘s, and creep along the ground, into which 
they send roots at intervals. Some of the 
branches end in elongated cones, comparable 
to those of horsetails and to the flowers of 
secd-j)lants. Upon the bases of the crowded 
leaves which those boar the spore-caj-ics will be 
found [198], each of thcji^i containing numerous 
yellow dust-like spores, all of the same kind. 
'Phese minute bodies are very resinous, and 
therefon? extremely inflammable. The yellow 
liowder known to the pharmaeopaiia as lyco- 
podium ” is made up of them, and by blowing 
some of this through a gas-jet a bright flash of 
light can be produced, which lias often done, 
iluty for lightning on the stage ; and it is in- 
tmesting to know that some layers of coal are 
almost entirely made up of the spoie-eases of 
extinct members of tlie group. 

Life History of the Club»moss. Tho 

spores of th<* stag s-horn club-moss germinati? to 
produce? small tulsuous prothalli, wdiich live 
uiKhwground and form a sort of joint-stock 
company witli a kind of fungus, as we have 
elsewluMV. S(‘en to be the case with t he roots of 
ctulain seed plants. A prothallus b(?ars both 
sperm and egg organs, and the details of the 
life history resemble those of ordinary ferns. 

Selaginella. Sclaginolhi is a relative of 
the club-mosses, and is represented by a large 
number of species whieli an? [lai ticularly common 
in tropical regions. It lives in wet places, and 
Y\e have one native species (»S’. sela(jinoides)[XW\, 
while others (e.j/., S. Knivssiana) arc cultivated in 
our greenhoiisi'H. The plant creeps along tho 
ground after the fashion of a club-moss, but its 
leaves an? tliinner and more delicate, in asso(?ia- 
tion with th(‘. moisture-loving habit. Like a 
club-moss, too, some of its branches end in 
cone-like flowiu*s, but the spore-cases arc of 
two kinds [200 and 201], producing large and 
small spores respectively. 

Life History of Selaginella. There 
is here a general agreement with the water-ferns. 
The maerospon‘ germinates into a small female 
prothallus [203], which projects from the spore 
and possesses a small number of egg-organs, 
while the giTminaling small spore becomes a 
very minuU? male prothallus [202], which is 
practically nothing more than a sperm-organ, 
producing motile sperms, as in many of the cases 
already d ?scrilx*d. 

Wc may represent the life liistory as follows, 
tho same diagram serving for the water-ferns : 


SPORK-UENF.RATION 


Koo-gexekation 


nini.t I »pore— female prothalluB— e.«g-orj?an— egg-celU FertlliBed 

htjagmeiia plant ^ gpore — male prothallus— sperm-organ— sperm / egg-cell ' 




MATUmi. HISTORY 


STRUGGLE FOR A FOOTHOLD 

There is no doubt that water is th(i original 
home of life, and it is only by a long process 
of evolution that certain groups of animals 
and plants have become fitted for existence on 
land. Limiting ourselves, for the pn'scnt, to 
the latter, we may say that marshes, swamps, 
and damp places in general constitute a sort of 
half-way house between water and land, and 
play a very leading part in the tactics of forms 
which are endeavouring to abandon the old 
aquatic home. It is also important to rememlx'r 
that the life history of any particular organism 
broadly recapitulates in summary form tlio 
evolutionary history of th(? gi*oup U) which it 
belongs. Bearing this in mind, vrv shall Im* able 
to understand the mysterious phenomenon of 
alternation of generMions, of whicli several 
cases have been described. 

If we take, for instance, tll(^ life history of a 
fern, we find a small, relatively insignilicant, 
egg-generation (the prothallus) living in very 
moist surroundings, of which the fertilised 
egg-cells become the relatively large and com- 
plex “ fern plants ” that constitute the spore- 
generation, and produce spores thal gcrminatt3 
into prothalli. The spore-generation, it is true, 
flourishes best in damp, shady place.s, but it is 
far less dependent upon moisture than the pro- 
thallus is, and is adapt/ed in many ways to 
comparatively dry conditions. Its stem and 
leaves have firm coverings, by which undue 
evaporation is prevented, and are traversed by 
strands which conduct liquid from the roots, 

Wc are probably justified in looking upon the 
insignificant egg-generation (the prothallus) as 
being the much diminished representative of the 
remote aquatic ancestors from which tin? fern 
has descended, while the '‘fern plant,” the spore- 
generation, is a special development that has 
gradually arisen as an adaptation to the conquest 
of the land. As wo pass up (lie scale to seed 
plants, wo shall find that the egg -generation 
becomes more and more reduced, and tlu' spore 


generation of increasing importance. And we 
shall discover the beginnings of tlow^ers, wliich 
arc simply special .slioots bearing sporo-lc«ave:?, 
and giving themselves up 1o the ])roduetion ot 
sporf38, either all of one size, as in horsetails and 
club-mosses, or largo and small, as in water- 
ferns and selaginella. 

Alternation of Generations in Seed 
Plants. All the fcrn-liko plants arc more 
or less“ thwarted in their attempts to do- 
minate the land, because they still retain 
in their life history an egg-generation (pro- 
thallus) which is very dependent upon moisture, 
and partly because the motile sperms, essential 
for the fertilisation of the egg-celis, have to swim 
to their destination. But seed plants, though 
they still retain an egg-generation, have reduced 
it to very small dimensions, and have so 


arranged mat tors that they are no longer obliged, 
for its sake, to live with “ one leg in the water.” 

Lot us, then, briefly consider the life history of 
a flowering plant in the light of what has just 
been said. Th(3 “ plant ” itself is the sporc- 
gont*ration, and its flow'ors arc arrangements for 
producing spores, in this case of two kinds, largo 
and small. The carjx^ls arc sporc-leavcs giving 
rise to large spores (emhryo-sac.s), contained in 
sporc-cascs (ovules). The stsmens arc also 
spore-leaves which produce small spores (pollen 
grains), developed in spore-cases (pollen -sacs), 
of which four are emheildcd in oacli anther, 
at leivst, in pod plants. 

The egg-generation consists of male and female 
prothalli. The male prothallus is very minute 
indeed, and represented by the contents of the 
germinating pollen grain. The stigma provides 
the n(‘C(3ssaiy moisture for germination, or, in 
nakcd-scedi‘d plants, thi.s is provided liy the 
scales of the femali^ cojies. VVe may regard 
the pollen tube as a sperm-organ, and in most 
cases the motile sperms have been superseded, 
some of the contents of the pollen-tube passing 
directly into tlio egg-cell. But cycads still 
produce sperms, which swim about in a small 
quantity of fluid provided for them by the 
ovule. It is not surprising that these should 
be present in th(‘ cycads, for they arc the 
lowest of the seed plants, and therefore most 
like? the fern.s, etc. Tlu' female prothallus is 
represented by the contents of ilic embryo- 
sac, and is sah^ly sheltered within tho ovule. 
In a iiakcd-sei‘d(‘d plant, such as the Scotch 
pine, this prothallus consists of a small mass of 
cells (endoH|X'rm) form(?d before fertilisation, 
and of a cou]>le of egg-organs, something like 
those of a f<‘rn, but much rcduci'd. and each 
producing an ogg-cH*Il. In a pod plant tho 
femalt* prothallus is still more reduced, and so 
are the egg-organs, but there is a large egg- 
cell. All this may he expressed in tiie follow- 
ing scheme, wliicli should In* compared w'ith 
that already given for sehiginella: 


The conspicuous parts of a flower have been 
devcloiK'd, as we have M(‘en, for tlic attraction 
of insects or other animals which carry about 
the small spores (polleii-graiii.s). Wo have 
considered the use and nature of seeds, and it 
wnll lx? sufficient to add here that rocront 
research has revealed the existence of extinct 
plants which possessed what may he called 
incipient seeds, and which form a link between 
fernlike species and cycads, the lowest seed plants. 

MOSSES AND LIVER-WORTS 

(Bryo'phytes) 

Dc.scending a step lower in the scale wc now 
come to forms of plant life which arc more 
dependent upon moisture than ferns and their 
allies. They also have begun the conquest of 
the land, but have not accomplished so much 
in that direction. Properly developed roots 
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NATURAL HISTORY 

and strandfl of tissue (vascular bundles) which 
convey crude and elaborated sap, and give 
support, are eminently characteristic of tho 
higher land-plants, or, to speak more correctly, 
of the sporc-gcneration of such plants. Mosses 
and liver- worts }) 08 scss no proper roots, but 
only root-hairs, and their comparatively smill 
spore-generation is only beginning to develop 
vascular bundles. 

Parts of a Moss-plant [183]. If wo 

examine a fruiting moss we shall see that it 
consists of a slender stem bearing numerous 
delicate fl.attened heaves and brown threads (the 
root-hairs). Attacht?d to such a plant will be 
found one or more stalked sporc-eapsules. There 
is a well-marked alternation of generations, for 
the moss- plant itself is the egg-generation, and 
each spore- capsule a spore -generation. 

Egg • generation of Moss. Although 
mosses are (closely wedded to damp surround- 
ings, they can stand a larger amount of desicca- 
tion without being killed. Ibit it is in the 
wetter parts of tlm year that they are in their 
prime, and Ave shall then find that grou])s of 
• organs 
and spenun- 
organs are 
developed at 
their ti])s, 
s o lu 0 1 imes 
assoeiated 
and some- 
times not. 

In li a i r - 
raoHses( Pol}/- 
trirkum) the 
ends of cer- 
tain plants 
present ag- 
gregates of 
red or 
orange - eol - 
cured leaves 

[204] . If we 
dissect one 
of these so- 
.ealh d “ flow- 
ers of moss,” 
a group of 
sperm - or- 
gatis Avill be 
found, eacli 
of wliieh is 
a e 1 u h - 
B h a p d 
s t r net lire 

[205] , within 
which nu- 
merous motile 



MOS ^ 


205-8. MOBS (dciailH) 
210. PLAOIOCIIII.A 


sperms are produced. At the 
time of maturity the sperm-organ is forced open 
by the swelling up of mucilage, and the sperms 
make their escape^ Tiiey sAvim about in the 
moisture, clinging to the moss — to them an 
ocean — in search of egg-ei'llr, to fertilise. 

Flask-shaped egg-organs [208] arc produced 
at the tips of other moss-plants, or on tho same 
plant, and in each of these is an cgg-cell. By 
tl»e fcxpaiwion of slim'3 a passage is opened 

1412 


down the neck of tho flask, and, as in the fern, 
this slime exerts a chemical attraction upon 
sperms. If one of these microscopic bodies 
succeeds in finding its way down to tne egg-cell 
it fuses with, and thus fertilises it. The fertilised 
egg-cell now actively develops to form the 
spore -generation or spore-capsule. 

Spore-generation of Moss. Tho young 
spore-capsule develops within the. egg-organ, 
which at first keeps pace with its growth [207]. 
Ultimately, however, it is ruptured, and its 
upper part is carried up as a sort of extinguisher- 
shaped cap {(‘(ih/ptra) upon the capsule, which 
may be seen as a large fibrous structure in 
hair-moss. The spore -generation never attains 
an independent existence, but remains embedded 
as a sort of parasite in the egg-generation. The 
capsule which it bears is of very dillerent 
size, shape, and structure in different species. 
Within it numerous dustlike spores are produced. 

Dispersal of Moss-spores. The top of 
the ripe moss -capsule falls off, and the opening 
exposed is bounded by an elegant arrangement 
of tootli-like strips, the ti})s of Avliieh are some- 
times at- 
tached to a 
c e n t r a 1 
m e mbrane. 
But, in any 
case, t he ar- 
range me nt 
is very sen- 
si t i v e to 
m o i s t u r e. 
W o t Av e a- 
thcr is un- 
fa V o arable 
for the Avide 
distribution 
o f t h e 
spores by 
the Avind, 
a n d t h e 
teeth are 
then closely 
o j) p o 8 e d. 
But on a dry 
warm day 
they curl 
up, leaving 
spaces be- 
tween them, 
through 
which tho 
spores 
escape. If a 
moss - spore 
roaches a 

suitable damp spot it will germinate, giving rise tc 
branching green threads (protonema), upon which 
ncAv moss-plants arc produced as buds [208]. 

We thus Bummarise the life-history of a moss, 
placing the more important generation first: 
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LJITHERTO. in oiir study of the jiioblein of 
organic (^volution, wo have (onoent rated 
our attention upon the aspect of variation and 
selection. But we cannot fail to^ have been 
impressed witR tlie fact that at the l.ottom of 
the whole* problem tliore lies tin* question of 
heredity. Variation and h(‘redity arc the founda- 
tions of all theories of the origin of sp(*ci(‘s of 
plants and animals, and to the study of heredity 
we now" turn. 

Importance of Heredity. i)r. .\rchdall 
Reid, in a most telling passage*, thus d(*seribes 
the importance of this study. W(i quote it 
in the hope that we shall thus secun* in this 
course the careful attention to this subj<*ct of 
a large nundj(*r of readers and students. 

“ No kind of study can be made* to bear 
intellectual fruit of nearly such valia* as the 
study of heredity, ft lies at the root of every 
science and ev(*rv study connt*(!tcd with lib*, 
from botany and /.oology to meilicine, sociology, 
or pedagogy. Wlio knoiis it not knows not 
life except in its supertieial aspects, lit* may 
be a student of philosophy oi* a worker in 
biological science, but in these days, when 
heredity enters so much into philosophy and 
links together so many biological sciences, Ik* 
cannot be a very effect iv(* thinker or work(*r. 

It furnishes a master-key to the more tre- 
mendous events of history, and is our only hope 
against disasters that loom great and terrible 
in the near future. It go(*s deep down to tin* 
springs of human life and thought and conduct, 
and explains why somc^ nations are inheriting 
the earth and the fruits thi*reof while Olliers an* 
dying physically and mentally. The. philan 
thropist must know’ something of this scienc<‘, 
or he w II grope in the dark. Hk* statesman 
must know’ something of it, or he may labour in 
vain. T'ranseending all else in importance* is 
the educational value of heiedity. No nation 
in which a knowledge of it was widespread 
could possibly be stupid or brutal. The haliits 
of thought which must be; brought to its study 
are exactly those which counteract the tend(*n- 
cies which have plunged so many races into theii- 
dark ages. So few are the e.ssential bu*ts of 
heredity, but so prolonged, close, and accurate* 
must be the reasoning fourult'd on them, that 
no great strain is placed on the memory while 
the reflective faculties are exercised in th(j 
highest degree. So largely would (he student’.*? 
learning link up with the subsequent e.\perienc(*s 
of his whole life that little would bo forgotten, 
and a sure foundation would bo laid for a cleai* 
and wide intellectual outlook.” If such be tlu* 
promise and such the reward of the study, who 
will be found refusing to enter upon it ? 

1 C II 


What is Heredity ? No (piestion in tlie 
whole world of biology is c.vciting such interest 
at the present moment as this one. Numbers 
of investigators arc at work endeavouring to 
supply tlu* complete answ(‘r, which will include 
the (‘xplanation of tin* actual nature of the 
pheiionK*non as w(‘ll as the statement of the 
laws which govern its operation. 

Obviously, in our study of tlu* subject hero, 
the very tirst thing to la* done is to have a clear 
and exact nu‘ntal conception of what the term 
“ heredity ” means. 1’his is by no means so 
simple as might l)c thought, 'riu* word has 
])assed into popular language and writings, and 
is used in such a vagiu* and amhiguous manner 
by all and sundry that it is not easy to gain a 
scientitio (onception of its m(*aning. Ft is a 
commonjilacc* of cxpn*ssion (hat such and such 
a condition or (‘haraetcristic is “hereditary.'’ 
What do wc m(*an exactly by that ? What is 
lu*redity ? S(>m(*times it is called i\ force, some- 
times a principle : it is neither the one nor the 
other. It is a namea]>plicd toa ({uality or}>roperty 
which is pass(‘d on from one generation to the 
next in succession, a property by means of 
which the characteristic featur(*s of an organism, 
and (*v(‘n minute (l(*tails, an* enabled to appear 
again in tlu* offspring. It is the only way in 
which the pres(‘nt gciu'iation of a race is r(*laled 
to that which prccedi'tl it, and it is the only way 
in which tlu* nc,\t gu'iu'ration will be rciat(*d 
to this one. 'Phe relationship is in virtiu* of 
this property aloiU’. 

In a word, hcrcdilv 's the name af)pli(‘(l to tlu* 
rdnfittri v'hirh exists hefu'cen snccefisice (jencra- 
tions, ihoh’ssor Arthur Thomson ]>uts it 
thus : “ Hcr(*dity is a term for the r€*lation of 
organic or genetic continuity which binds 
goiu ration to gciu'iation. Similarly, inheritance 
may b(* deliiu'd as all that an organism is, or 
has, to start with, in virtue of its genetic, relation 
to its parents and anc(*stors.’’ Wc understand, 
then, by tlu* word lu*n*dity that property of 
gcrm-cells in virtue of which certain qualities, 
traits, or characters which were present in 
part‘nts or anc(*stors, arc liansmittcd or (*nahled 
to rcapp(*ai' in suhsccpienl gi'ncratious or 
offspring. The adj(*ctive “hereditary" is a 
tt‘rm ap[)iicd to any quality which is tluis 
tran.siuitted or which thus n*appears. 

The Basis of Heredity. 'Plu* next 
question which suggests itself is, What is tlu* 
physical basis of heredity ? In what part of an 
organism does this projuTty lie ? The answer 
is quite obvious in tlu^ light of the above* defini- 
tions of heredity. The property must he on<* 
which pertains togerm-eells, because these alone 
ani concerned in producing new' generations 
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and individuals. The study of heredity, there- 
fore, must ultimately centre round the stnicture 
and functions of the germ-cells. A germ-cell 
may, therefore, be compared to an individual 
to whom a fortune has been left in trust for 
future inheritors. The fortune is the inherit- 
ance of qualities derived from pre-existcmt 
generations. But in this case the germ-cell 
is- not only the inheritor but the inheritance. 

Now, in order to gain anything like a clear 
insight into the processes of heredity, it is 
absolutely necessary, as Dr. Beard has pointed 
out, that an uninterrupted and continuous 
panorama of the whole course of development 
from one generation to another should be 
secured. This is obvious. It is impossible to see 
the course of events unless we see all that 
happens between one generation and the next. 
Tte essential idea in heredity is continuity, 
and, therefore, to see its course, we must find out 
what there is which is continuous from one 
generation to the next — physically continuous, 
that is, so that heredity may be possible. 

Continuity of Germ-cells. Heredity 
must be dependent on some sort of germinal 
continuity. The very fact of there being such 
a phenomenon as hen^dity proves that some 
physical continuity exists betw(M:*n the, cells 
which produce one generation of individuals and 
the cells which produce the next generation. 
The germ-plasm from which we sprang was 
continuous with that from which our parents 
came, and that with the germ -plasm of our 
grandparents, and so on backwards and back- 
wards, and still backwards— how far ? Think ! 
Back through the ages th<i thought takes us 
without the possibility of a break in the con- 
tinuity, until we come in incmtal (conception to 
the first germ-ccll that ever existed — the first 
appearance of living protoplasm w^hieh was able 
to produce another piece like itself. Is there 
any mortc wonderful and marvellous thought in 
the whole realm of sci«‘nco ? Is it any wonder 
that variation is a univtcrsal phenomenon ? 
When we consider the long line of ancestry of 
every individual, we no longer wonder that he 
differs from every other, oven from his closest 
relations ; the possibility of variation is so 
immense, even if it were restricted to all the 
ancestral characters, to say nothing of the 
tendency of germ-plasm to varj? in new directions. 

A Double Inheritance. If we leave 
out of account the asexual modes of reproduc- 
tion seen in lowly organisms and in partheno- 
genesis, and restrict our line of thought to 
what obtains in higlucr animals, it will be 
apparent, of course, that the inheritance of any 
animal is a double one, coming partly from the 
father's and partly from the mother's line. It 
does not follow that the respective portions 
from each side can always be recognised in the 
offspring ; sometimes they can, sometimes they 
cannot. Moreover, though we speak of the 
inheritance as being from the two parents, it is 
really from the ancestors as well, b^ause of the 
continuity of the germ-plasm, and it is because of 
oonitf|iuity that every now and then some 
which was seen in neither parent, 


but occurred in some - previous generation, 
possibly in a very remote ancestor. As to which 
particular characters will appear, and which wiH 
not, in any given germ-ccll which is fertilised, 
that is a question which is probably determined 
at the time of fertilisation, or soon afterwards, 
by some form of selection. 

But let us endeavour to secure the panorama 
suggested by Dr. Beard as essential to clearness 
of thought on the matter. How can we con- 
struct a picture to show the whole course of 
development from one generation to another ? ^ 
If we can, this will show the line of heredity — 
the track along which it works. It must be 
possible, of course, in order that the features of 
one animal may be reproduced in its offspring. 
There must be some cell, or cells, which are 
actually continuous, or which pass from one 
generation to the next, or which give rise to new 
colls in the next, thus reproducing the original 
chara(5tcrs. The necessity of this has long been 
recognised, and has resulted in some carious 
attempts to construct the desired panorama. 

Darwin’s Theory of Pangenesis. 
We may note briefly in passing the effort 
Darwin himself made to answer this question to 
his own satisfaction ; how he tried to construct 
the necessary panorama of continuous cells 
from one generation to the next. 

In a letter to J. D. Hooker, Darwin expresses 
his relief at the forming of his theory “ from 
having during many yeart> vainly attc^mpted to 
form some hypothesis. When you or Huxley 
say that a single cell of a plant, or the stump of 
an amputated limb, has the potentiality of 
reproducing the whole, or diffuses an influence, 
these words give me no positive idea ; but when 
it is said that the cells of a plant or stump 
include atoms derived from every other cell of 
the whole organism, and capable of development, 

I gain a distinct idea. . . . Therefore, I fully 
l»elieve that each cell does actuality throw off an 
atom, or gemmule. of its contents ; but, whether 
or not, this hypothesis scarves as a useful con- 
necting link for various grand classes of physio- 
logical facts which at present stand absolutely 
isolated.” Again, in another letter, he says ; 

It oft«n appears to me almost certain that the 
characters of the parents are ‘ photographed * 
on the child, only by means of material atoms ^ 
derived from each cell in both parents, and 
developed in the child.” 

Darwin’s thciory of heredity by pangenesis is 
contained in the words quoted. According to 
this view, the various body-cells were supposed 
to give off small portions of themselves, character- 
istic ()ortions, which in some manner became 
incorporated in the reproductive tissues. In this 
way the reproductive cells were supposed to 
contain samples from all parts of the body, and 
were thus able, when they developed, to repro- 
duce an organism like the parent. The view 
involvcMi the belief that the germ-cells wmo 
formed by each individual for the next geaeira- 
tion. The theory is of interest in the history of 
the subject^ but has now been entirely given iip» 
as it is absolutely unsupported by the lasts ^ 
embryology since dlscovero^. . - . 
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The Formation of the Germ •cells. 

Until quite recently all the world believed, as 
Darwin did, that the germ-eel Is wliieh are th<‘ 
basis of heredity were formed in some way or 
other by the individual. It is still the popular 
idi^a. It is none the less an entire fallacy, ’^ria' 
most striking fact which has Ihm'u established 
by modern embryologieal iH'seareh is that the 
gerni'Cclls are formed at a vert/ early staye, before 
the appearance, o/ any trace of an embryo. 'Phis 
is the essential point of the whole problem. .\s 
^ long as it was supposed that an animal Jiatl in 
some way to make its own germ -cells before* it 
could hav^e offspring, there w’as endl(‘ss difficulty 
' in understanding how' these et'lls could get the* 
parental characters impressed u])on them in 
order to hand them on. Henei*, arose theoru s 
like that of pangenesis. Dut the great discovery 
of modern embryologieal seu'iice bas be(‘n tie* 
continuity of gorm-eells. The germ-oells do not 
arise from the embryo or the ad alt ; they precede 
the embryo, ^i() (‘in lay o, or individual, in oth(*r 
words, forms the germ-cells for tlu* next geru'ra- 
tion ; they are formed directly from the preced- 
ing gcrm-eclls before any sign of an embryo 
appears at all. 

The Course of Development. VVliat 
happens, then, in the devciopmeni of the f(‘rti- 
lised ovum may be bri(‘Hy sumnu'd up in the 
following statements, which are taken from th«‘ 
writings of Dr. Heard, the distingnislu'd enihry- 
ologist of Edinburgh rnivi'isity. It is e.ssc'nlial 
that these few facts ho eh'urly grasp(*d in order 
to understand and a])pr(‘eiate all the facts of 
heredity now known. 

(а) 1'ho primitive' germ-cell, as the result of 
its division afti'i* fertilisation, gives ri.se to a 
number of primary gerni-ci'lls. 

(б) One of these latter ([irimary germ-cells), 
and one only, is eoneerned in forming (he 
embryo. This one is, to all appearance, lik(‘ the 
others, an apparent identity all-important from 
the point of view of heredity. 

(c) The remaining primary etdls, which are 
present in the fully developed embryo, give rise 
to secondary gerru-(!(*lls, w'liieli are not capable 
of indep(‘ndent develojiinerit, but which go 
through die various processes which result in tli© 
formation of eggs and sperms. 

(d) These eggs and sperms in their turn unite 
with spc'rms and eggs of other individuals, and 
a new cycle of developmc'nt begins. 

Here is our panorama, continued from one 
generation to the next, showing dearly tlu* line 
of heredity, w'hieh is the line of ane('sti’v, from 
and through the gmin -cells, and never from or 
through the embryc.). Thus th(*r(’ is a real sense*, 
as Mr. Galton says, in Avbieh the child is as old 
as the parent, for whim tlu^ parent’s body is 
developing from the fertiliscHl ovum, a residue of 
unaltered germinal material is kept apart to 
form the reprcxluetive cells, one of which may 
become the starting-point of a child. 

Part of the germ-plasm of the part'nt egg-cell 
is set aside from the beginning to form germ- 
cells for the next generation, and these portions 
are set aside first, as being the more important 
part of the whole business, before the develop- 


ment of the embryo begins at all. Thus, no 
embryo forms yertn-cells — tlu* g(‘im-eells ai*(* 
formed first. I’lie parent is, therefore, simply 
the trustee} of the germ-plasm, not in any rcnil 
seii.se the prodiieer of tlu' eliihl. In a new s ‘ns(‘, 
tlu* child is a chip of tlie old block. 'rh(*r(*f( 3 re, 
of eour.se, like b(*g(‘ts lik(* ; it could not do 
otherw'i.se. 

Continuity of Generation. To most 
of us this is a lU'W thought. It is, as a 
matt(*r of fa(*t, not long since thes(* facts hecaime 
known, and many who take a gen«*ral interest in 
science* have* not y(*t grasp(*d tlu*m ; hut it is 
<|uite appan'iit that a simph* recognition of tiu'se 
rtH-enl disco v('vi(*s in (‘in bryology gives an 
(*ntirt*ly nc^w' aspect to our idc'as of lu'n'dity, and 
accounts for much which bas bitberto seemed 
wrapped in di*ep mystery. So important is 
it to thoroughly understand this panorama of 
generations, that it may, ])erhaf)s, be wadi to try 
to j-eproduec^ the id(‘{i in gra))hie manner. The 
eoidimiity from one* g(*n(*ration to tlie next may 
he statetl thus : 

vSpenn 



l'nil<' tin* 

fert ilised t»vnni, <»f* ( ho 
|;riinitive 


I 

Tins divides m ^iven iiinnlier nl‘ 
times and forms tlu* pniiiMry )ienn cells. 



One of these t»irms 
I he embryo, which as it 
develops iiielmles tlutso 
previously foi med. 



'I lie H’st are si'condary 
jL'erMi-cells, which siih- 
se«iiU'ntlv form e^'j^s or 
Kporms i.f., I hey an* 1 lu' 
^’orm-eells of the next 
Ueiu'i at loii. They can- 
not develop indepen- 
denlh. but when they 
unite with file eg^r or 
M|)erm o^' atiollier in- 
dividual, H now cycle 
begins as before 


Kgg Sjioini 



I’nile. et (1,, .'..s above. 

d'hus we see that tlu* lin * <d ancestry and 
lu*redity is through tlie gi'itii -cells alone, tind 
never through the (*mhryo or individutd. The 
(‘Uihryo appt'tirs as a sort of sidt* isstu*, as far tis 
the line of heredity is eoneeriuMl. Instead of tlu* 
individual inliuTUpting the lim* of lien'dity, as 
was formerly thought to happen — i.e., wdien it 
was thought that the individutd produced the 
germ-cells — we now see that th(* pimluetion of an 
embryo makes no difi'erenee as far tvs heredity is 
concerned, except in so far as t!u germ-eclls 
come to lie within it. 
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h The Real Facts of Heredity. The 

contrast between the two views — the old theory 
and the new fact — is as follows : 

THE OLD THEORY OF THE THE REAL FACTS OF THE 
LINE OF HEREDITY LINE OP HEREDITY 

rureiit Individual. An original gorin-cell. 


ProdaooK germ -cel 1 8 — 
eggH, or sperinH. 

I’lumo being fertiliised, 
produce an embryo, 
M»hicb in its growth pro- 
duces germ -cells at some 
|)Qriod before it becomes 
in its turn a 


Parent individual 
again. 


I 

which, on being ferti- 
lised, prothicos more 
yfrm-rdli (one of which, 
and one only, can be- 
come an embryo and 
develop into an indi- 
vidual). 

I 

These g e r m - c e 1 1 s , 
which are included in 
the embryo, remain until 
they in turn become 
fertilised, when they pro- 
duce another generation 
of germ -cells (one of 
which devolo])s into an 
embryo). 


etc. etc. 

On the old view it was, of ooum*, impossible 
to account for the facts of heredity. None could 
explain how the characters of the parent came to 
be impressed, as it was called, upon the cliild. 
Hence theories like that of fiangenesis. But now 
that we know tluit germ-cc‘lls m‘Vor arise except 
from germ-cells, that tluy arc nt'ver produced 
by the individual, that they are simply con- 
tinuous with privexisting germ-cells, it becomes 
quite easy to see wliy tlui main characters of a 
race are always very much alike, and how a 
character once appearing in the gi'mi-pkism is 
transmitted to gimcration after generation. 

In the above statement of the case, we have, 
for the sake of simpliiaty, assumed that we are 
dealing with a vertebrate which has only one 
embryo at a biitli. The case of twins or plural 
births need not be represented, as it does not 
affect the }>rcsent point. The clear demonstra- 
tion of this panorama from generation to giuiera- 
tion is the brilliant result of years of researeli on 
the part of Dr. Beard, of Kdinburgh University, 
to whose writings wo must go for the details of 
the subject. 

“ The likeness of all the primary germ-cells 
is certain, or almost so ; absolutely nothing 
suggests unlikeness among them. This essential 
identity, or equivalence, of all the primary germ- 
cells is immensely important from the point of 
view of heredity. ... Jt is it, and it alon?, 
which peiTuits of the handing down of the 
characters of one generation to future genera- 
tions. It is the very basis of heredity. The 
formation of like primary germ-cells and their 
essential similarity, or equivalence, show how, 
in sexual reproduction, the offspring resemble 
them while differing from them. The 

likeliest in ilia primary germ-cells leads to like- 


ness in the offspring, and along wit^ this unlike* 
ness is bound to come in. For the primary 
germ-cells themselves give rise to secondary 
germ -cells, which have lost their power of inde- 
pendent development. It is these, and these 
only, as a rule, which are present in the finished 
embryo. They and their progeny are never 
capable of normal independent development (in 
the verUdirata) ; but it is their destiny to go 
through the process of the reduction of chromo- 
.somes, with the ensuing formation of sexual 
products, or gametes, eggs, and spermatozoa,^ 
Here, as is of course now generally recognised, 
unlikeness enters.” 

We need not follow these fascinating researches 
further, our present purpose being to gain a 
clear idea as to the actual basis of heredity and 
the course of its path from one generation to- 
the next. We must now pass from one phe- 
nomenon itself and glance, as far as space will 
allow, at the efforts which have been made to 
discover the laws which govern its operation. 
We can do no more than merely state these 
here. Their discussion would involve a large 
volume. 

Gallon's Law. It is to Francis Galton 
that we in this country owe the collection and 
arrangement of an enormous mass of facts on 
heredity, and his example has been followed by 
a number of other workers from various points 
of view. The observations and calculations 
from which we deduced what is known as 
“ Galton's Law of Ancestral Heredity” were 
obtained from the registered colours of a pedi- 
gree stork of basset hounds. These hounds, 
originally purchased by Sir Everett Millais, 
resulted, after years of breeding, in a collection 
of 817 hounds of registered colours, descended 
from parents whose colour is also known. In 
567 cases the colours of all four grandparents 
arc known ; and of these, in 188 cases the 
colours of all eiglit great-grandparents are also 
known. The calculation from these facts is 
in t]u5 original paper ^^^ad before the Royal 
Society, on June 3rd, 1897, and the law itself 
may be stated as follows. 

Gabon supposes that of its total heritage the 
individual receives from its two parents one- 
half, from the four grandparents one-fourth, 
from the eight great-grandparents one-eighth, 
from the 16 great-great-grandparents one- 
sixteenth, and BO on in series, the sum of the 
total contributed heritages being equal to one. 
The law is thus a statement of the average 
contribution of each several ancestor to the 
tobil heritage of the offspring. The two 
parents between them contribute on the average 
onc-half of each inherited faculty, each of them 
contributing one quarter of it, and so on as 
above stated. 

TIi'^ most obvious criticism which has been 
directed to this law is that the theory demands 
that there is an absence of relationship amqng 
all the ancestors, in fact, that there shall be Iho 
inbreeding. 

Professor Karl Pearson has since formulated 
a modified statement of this law. . 

Continued 




When the bill waw first issued, it was called a bet'orcj us. The acceptance by Mr. Wake, due 

drafts because it was “ drawn ” by Bevan & three months hence, has in effect extinguished 

Kirk on their debtor. But from the moment the present claim of Bevan & Kirk against 

that it was ** accepted ** by the drawee (J. Wake) their customer, because neither they nor any- 

it became known as an acceptance, and a new one else can demand payment until the bill 
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ialls due. From the point of view of Mr. Wake, 
^18 is a very convenient arrangement, aa it gives 
him time to sell the goods ho purchased from 
Bevan & Kirk before bt^ing called upon to pay 
for them. This is, indeed, one of the uses of 
credit whereby business mtui are able to trade 
on a comparatively small capital. 

Wholesale and Retail Firms. Let 
us see how the wholesaler or the manufacturer 
fares under this system. With Bevan & Kirk 
bill transactions are the exception rather than 
the rule, most of their customers preferring 
to pay promptly for the sake of the cash dia- 
(counts, but in many wholesale and mfinufac- 
turing businesses (hardware and machinery, for 
example) bills arc the rwiognised medium for the 
settlement of accounts. When, on the one hand, 
a great many sales are effected on long credit- 
three months, four months, and sometimes six 
months — and, on the other hand, purchases 
must be paid for within thirty or forty days from 
invoice dates, while a large sum is paid away 
every week in wages, it is evident tlrat, apart 
from outside aid, even concerns of the very first 
magnitude must occasionally find themselves 
uncomfortably near the end of their cash 
resources. 

But take a smaller business by way of 
illustration. The bank bahuice of the (lourock 
Hardware ('ompany, Limitc^d, on Decemla'r 1st 
last, was £15H Us. tkl. 'Phe company usually 
allows four months’ credit for goods sold, taking 
bills in settll^raent. August, however, was a very 
slack month. The total sales for tlu* month 
did not ex<*e<.*d which represents the 

maximum amount receivable by the conipiiiy 
in December, when tlui August acceptances 
mature. But in December the factory is running 
full time, and wages have to be provided for at 
the rate of OK) a wt'ek. Purclias(*s to the 
extent of £2,500 must also be paid for if advant- 
age is to be taken of discount terms offered by 
the sellers. IVe may summarise the position 
thus : The bank balance on the first day of 
Deceinlx.T is about i‘l.")0, and it is assumed that 


during the month £4,000 additional will be. 
received. That is to say, £4,150 in nil will be 
available for the payment of purchases and 
wages, together amounting to not less than 
£4,500, 

Current Liabilities. The company there- 
fore resort to their bankers, who agree to pur- 
chase £1,000 worth or so of current ac(.*eptanccs 
recently received by the company from their 
customers, provided the company will guarantee 
their due payment at maturity. With this 
assistance the (?ompany can pay its way in 
Deceml^r, at all events, or, as the secretary 
would express it, his company is “ able to 
meet current liabilities as they arise.” Traffic 
in bills of exchange is practically confined to 
bankers and bill brokers, and already, })erha|is, 
we begin to perceive in some dim fashion that 
tl^ banker is a very useful link in the chain of 
ebmmeree which encircles the globe and luncis 
; naticHEis together. 

; Reiumittigto transaotrovi (n), we ah&B see that 
the Ha^tjdware Company did on a large 


scale, Bevan & Kirk have done on a smallef 
one. On receiving Wake’s acceptance, they 
sell it to the bank for its full face value of 
£20 10s. 6d., and this amount is at once placed 
to their credit in the bank ledger. Thus Bevan 
& Kirk get their money quite three months 
before they can legally demand it of Wake. 
Virtually, their bankers have paid the debt on 
J. Wake’s behalf, so that the acceptance now 
iK'comes the bank’s property, and when it faUB 
due the acceptor will have to pay the bank 
and not Bevan & Kirk. But how is Wake 
to know that he will be doing right in making 
payment to the bank instead of to his cr^itors, 
Messrs. Bevan & Kirk ? Tlie answer is that 
he is bound to pay the holder of the bill who 
presents it for payment at maturity, no matter 
who this may be, unless he has reason to suspect 
some flaw in the holder’s title. Accordingly, 
when the day of reckoning comes, he pa 3 r 8 that 
jKjrson who actually show's him the acceptance 
he originally gave to Bevan & Kirk — that is, 
who “ presents it for payment.” 'fhe payee 
thereupon delivers up the bill to the acceptor, 
thus putting an end to Wake’s Kability in respect 
thereof. 

Endorsement. There is a very important 
formality connec^ted with the transfer of the bill 
from Bevan & Kirk to their bankers, which must 
not be overlooked— namely, endorsement. Before 
Bevan & Kirk sent Wjikc’s ac;ceptance to the bank, 
they cntlorscd it, w'hioh means that they signed 
the firm-narn(‘ on the back. Now a bill of exchange 
is oblong in shajK.*, and custom has decreed 
that endorsements thereon shall l>e at right 
angk^s to the writing on the other side. More- 
over, the first, or only endorsement, should be 
at the top of tlic* paptu* rather than in the middle 
or at the bottom ; and then other signatures, 
if any, may follow in the order in whitdi they 
are tmdorsed. 

IVrliaps it may be. useful to give a simple rule 
for ascertaining which is the top of a bill or 
cheque for the purpose of endorsement. Take 
the to]> left-hand comer of the document 
lx*t ween the left thumb and forefinger, the latteir 
Inking underneath, and turn the paper over in 
sueli manner that the ])ositions of the thumb 
and forefinger are reversed, but so that the 
forefingci’ shall still bo at the top left-hand 
corner. 7’his can be done by a single turn of th« 
wnst, and its effect will be to bring the papei 
int»> the proiXT position for endorsement. 
The subject of endorsements will be considered 
more in detail later, but the important ppink 
to romemlHj^r is that an endorsement operateii 
as a guartvntee by the endorser that the acceptof 
will pay the bill at maturity. 

Tlie endorser is really a surety for the principal 
debtor, thi^ acceptor, so that if for any reason 
the aeeeptor dishonours the bill, the holder 
would look to the surety or endorser for payment. 

The BanR’s Charge for Discount* 
We have seen that J. Wake’s aoceptilii^ was 
purchased by the bank— that is, the 
bew^ the right to receive from J. WaKe in 
three months’ time the sum oC £20 lOa. OdL 
right originally belonged to Bevan 
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who sold it to the bank. For how iuiu‘li ? 
Nominally for its full face value, but actually 
for something less. Examining the transaction 
again, we notice that the bank charges 3s. ft>r 
discount, which represents tjc' value of the bcnelit 
derived by Bevan & Kirk from having the bill paid 
now instead of three mont hs hence. We observe 
that the discount rate is 3 p(*r cent., and this 
information will enable us to test the correctness 
of the bank charge. But first wq must discuss 
the due date of the bill. 

Dating a Bill. What the Bills of Exchange 
Act has to say as to the computatitm of tlie 
time of payment is to be found in tlie four- 
teenth section. Tlu^ section states that where 
the bill itself does not otherwise provide, and 
unless it is drawn payable on demand, the time 
of payment as fixed by the bill is extended 
by the addition of three days of grace, .and the 
bill is payable on the last day of grace. But 
“ when the last day of grace falls on Sunday, 
Christmas Day, Good Friday, or a day ay)pointed 
by Royal Proclamation as a public fast or 

thanksgiving day, the bill is 

due and payable on the preceding business day. 
When the last day of grace is a Bunk-holiday 
(other than Christnuis Day or (fOod Friday) 

the bill is diu* ^ind payabl(‘ 

on the succeeding business day. When* a bill 
is payable at a fixed period aft(*r date .... 
tlie time of payment is determined by excluding 
the day from w'hicsh the time is to begin to rim, 
and by including tlie day of payment. Tin* 
term ‘ month ' in a bill means cah'ndar month." 

We can now, with this as a guide, calciilat.* 
the due date of Wake’s acccfitaiicc. which is 
made payable three months after Septiunlxa* 
22rKl, 11)05. From September 23rd to Deccmlxa' 
22nd there are three calendar months, mid three 
days of grace, and wa; arrive at Di'cember 25tb 
as the day for payment, but since tlii.s is (lirist- 
tnas Day, the bill is due and payable on T)c*ceml)f*r 
23rd, the pre(;eding bnsines.s day. Now, tiu' 
argument of the bankers is this. Say they; 
We paid the amount of Wake’s bill to Bevan 
Kirk on September 2f)th, or S8 days before \\v 
can obtain the money from the acceptor. We 
must therefore charge our custonuM’s, Bevan iV 
Kirk, interest at the rate of 3 per cent, jxr 
annum on the amount of the bill for the whole 
period during w^hich wc have to lie out of our 
money, and 88 days’ interest on £20 10s. Od., 
at 3 per cent, per annum equals 3s. 

Discount. Theoretically, this contention is 
a sound one, and unless the total amount of 
bills under discount is large, it causes no ajipreei- 
able difference in results. Nevertheless, bankers’ 
discount is not exactly the same thing as triu* 
discount, as may be proved from the case of 
the Oourock Hardware Company, already 
cited. The Hardware Company discounted 
about £1,000 worth of acceptances with Ihcii* 
bankers at 4 per cent., which, if we allow the 
average due date to have been three months 
from date of discounting, would give £10 as 
the bank charge for discount. The net amount 
received by the company was, therefore, £900, 
but if £990 were put out at 4 per cent, interest 


for three mouths, it would not amount to 
£1,000 but to £999 iSs. only, the dilferenco of 
2s. representing the dilTerema* between bankers* 
discount and trii'' discount. 

Bills Payable and Bills Receivable. 
We have no\v fiiltilled our object of studying 
the ermb ned elTcet of the thrci* evimts narrated 
in {n). We have still to record tiw'm in Tkwan 
& Kirk’s books of account. As so often 
happens in bookkeeping, two iiiethods of 
making the original entry are here open to us. 
The one w^e shall adopt is perhajis the simpler, 
but an opportunity of showing the alternative 
method w ill not Ixi m'gloeted. 

Accountants divide bills of (‘xchangc inter 
(wo great classes - Bills Beeeivable (B/R) and 
Bills Payable (B/P), but these terms embody 
mcifly a relative truth. 

The fact is the same bill may bo described 
by one person as a bill receivable and by 
anrrthor as a bill payable. Its character changes 
with the standpoint of tin* persons affected. 
To Bevan k Kirk, Wake’s acceptance is a 
bill receivable because it represents a sum of 
money receimhle by thr^ firm ; to Wake himself 
it is a bill payable bec’ause it represents a 
.sum of money payable by him. Our concern at 
the moment, however, is w'ith the lx)oks of 
Bevan & Kirk, and w'c must thei'ofore regard 
Wake’s acceptance as a bill receivable. Seeing 
that the bill was discountral on the day it was 
received thci’c is no real objriction to our looking 
upon it as cash. We treat cheques received as 
cash becaus(‘ we bi'lieve that when they are 
sent to the (Commercial Banking (’oinpany by 
i>(*van A’ Kirk the sums th(‘y represent will 
b(‘ speedily colh'cti'd from the banks on whicb 
the che(|iies an' severally drawn, and that the 
proceeds will be at once credited to the banking 
account of Bevan A Kirk. 

Contingent Liability. In the ease of 
clieques it is ahvays possible that one or more of 
them may not be met, so that, even though the 
same element of doubt exists in the case of a bill 
receivable diseounted, that is not a sufficient 
reason why we slumld not (*n(er it as a cash 
item, espinially as in the ini*antime, whatever 
may be the ultimate fate of the bill, it has been 
sold to the hank, who have given credit for same 
in account. Accordingly the (*ntry wall bo found 
on the debit side of the cash book {q. v.), under 
<late of Sef)t<*mhor 2r)th. 

But we must not entirely ignore the element 
of doubt just, now mentioni'd. We know that 
if Mr. Wake fails from any cause* to disehargi* 
his acceptance on Deee'mber 23rd, the Gom- 
mereial Banking Gompany will require Messrs. 
Bevan & Kirk to do .so in hi.s stead. Some* 
provision must, therefon*, be made in the books 
of Bevan A Kirk, safeguarding them against 
being taken by surprise by a claim of this sort 
arising at an inconvenient time. This protec- 
tion is afforded by tlie bill book, which, as 
explained, belongs to the supplementary group 
of counting-house records. T'he book, properly 
kept, may be made to furnish a variety of 
useful information, as will be seen from the 
specimen given on next page : 
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The Bill Book. All bilk should be entered 
in the bill book, with the particulars cal^ 
for by t^ic various columnar headings^ bilh 
receivable in the section devoted thereto^ and 
likewise bills payable in their own section, 
which will be exhibited, when we study trans- 
at^tion (m). A faithful record of all bills 
receivable would declare their several due 
dates, including the due dates of those under 
discount, and it would then be an easy task 
for the accountant or bis principal to run 
through the bill l^ok at the beginning of each 
month, taking a note of all bilh which, require 
attention ; some because, perhaps,^ they are 
under discount, and may possibly be dishonoured ; 
others because they, though not under discount, 
but locked up in the safe, mature some time 
during the month, and must be sent to the 
bank in good time for collection. 

A further word on bills discounted by the 
bank. As a rule, no one can be certain until 
the day of payment arrives whether an accept- 
ance will be paid or dishonoured. Of course-, 
if the acceptor goes bankrupt between tho time 
wh(>n he accepted the bill and the due date it 
is a foregone conclusion that the bill will not 
be paid in full ; but apart from this there is 
alw'ays the contingency that the drawer may 
lie calltnl upon to pay tlie holck^r of a bill at 
maturity. If the acceptor pays, well and good ; 
the drawer is released from furthesr liability 
and the contingency disappears. If, however, 
the acceptor fails to pay, tlie contingency is 
translated into a certainty. Whereas, before 
there was merely a contingent liability^ the 
drawer now labours under an actual liability. 

Discounting a Bill. The concluding words 
of (n) are : “ the bank charging at the rate 
of ])er cent. p.a. - 3s. (see pass book).” We 
have called this charge Interest, in one place and 
Discount in another. The double description 
should serve to remind us tlmt what is loss, or 
discount, to Bevan & Kirk, is gain, or interest, to 
the bank, the bwd being, ;is w'c have seen, that 
the Comrneri’ial Banking Company have charged 
interest in advance on the amount of Wake’s 
acceptance. The method of calculating this 
interest has been shown ; we know also that the 
operation in its entirety is termed disc&iintinff, 
and may add that when we speak of “ dis- 
counting ” the pretensions or promises of indivi- 
diials we are borrowing the language of Finance. 
To discount is to take soraetliing off the count. 
It is clear that this has been done with Wake's 
acceptance, because, while the bankers have 
credited the full amount to Bevan & Kirk’s 
account, they have at the same time debited 3a. 
thereto, and the net result is that Bevan & Kirk 
receive credit for £20 7s. Od. only. Failing a 
special application to the biink, Bevan & Kiik 
have no intimation as to the amount of the 
disco lit charge until they obtain their pass book 
on September 2Rtb. Then they find in the 
pocket of the pass book a debit slip for 3s., akmg 
with a number of their own cheques, wHicla^ 
having been paid by the Commercial Bank^ 
Company, are now returned cancelled. ^ ^ : 
Contmued 
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Lap- Windings and Wave Windings. 

We have seen that the proper breadth of each 
loop of the winding is that it should be 
appros^imately equal to the pole-pitch — that is, 
arc from the middle of one pole -face to the 
middle of the next pole-face. We have also 
seen that the loops should bo joined up in a 
regular series. But there are two modes of 
doing this, and they lead to slightly different 
results. These two modes of grouping the 
coils are termed respectively lap windimj and 
wave windiTig, To understand these modes, 
let us adopt a method of representing a 
current flowing in a wire. It is easy enou^i 
to indicate which way a current flows in a 
wire by simply drawing an arrow by the side 
of the wire to point the direction, as was 
indeed done in the aiticlo on batteries 
[p. 466]. But we need also a way of showing 
the direction of the current in diagrams that 
show the section of an armature, wheie the cross- 
section of ^le wire appears mejcly as a sin<aU 
circle. To indicate a current 
coming towards us in such 
a section, we will put a 
dot ill the middle of the 
small circle ; and to indicate 
that a current is going from 
us, we will put a cross in the 
circle. Now let 66 represent 
a section of a j)iece of an 
armature of a multipolar 
dynamo that has the wind- 
ings laid two-deep in slots. 

Let us suppose this arma- 
ture to be revolving right- 
handedly post the poles, as 
shown by the dotted arrow. Tlien, by applying 
the righ&itand rule [p. 1105], it is easy to ascer- 
taia that the induced currents will be flow ing 
towards us in those wires which are moving 
past the south pole, and will be flowing from 
us in those wires which are passing under the 
north pole. (If the motion ' /ere to be 
reversed, the directions of the currents would, 
of course, bo also reversed.) Accordingly, 
mark these directions with dots and crosses, 
as iiv 65. Now consider a loop made of two 
pf ttoo conductors by joining their distant 
ends by an end-ben<^ (shown dotted), their front 
ends being brcRight out towards one another. 
We select as one conductor a wire in the top of a 
fltet ufkider the middle of the north pole, and, as 
the other, a wire in the bottom of a slot under 
the middle of the adjacent south pole. This 
.. constitutes a typical loop, and we see which 
the ciUTeBt will flow around it. 

SucMualwtf Lapu. Now, the question 
how vre join up this loop to other 


similar loops in the otlun* slots? Suppose this 
machine had been an 8 -pole machine, witli 40 
slots. (A real machine would have a larger 
number of more slots, but we take this small 
number as being manageable.) That makes 
live slots per pole. Then, if the slot under the 
middle of tlie soutli pole be regarded as slot 
No. 1, the slot under tlu* middle of the north 
pole will be slot No. G. Tlieiv being two con- 
ductors in each slot, wo may number them as 
follows. Conductors in the tops of the sloto will 
be called I, 3, 5, 7, etc., while the conductors of 
the lower layer in the bottoms of the slots will 
be even numbers, 2, 4, 6, 8, etc. Our typical loop 
is made by joining wire No. 1 to wire No. 12. 
We may make similar loops by joining No. 3 to 
No. 14, and No. 5 to No. IG, and so on. Now, 
to join the loops togetlier into a continuous 
winding, the simplest way is to join the end of 
the first loop to the beginning of tlie second, 
the end of the* second to the begiiming of the 
third, so that the order in which the conductors 
are joined up is 
l-12-3-14-5.1G-7-lS.l)-2<)-n, 
etc. 

It will be seen that in this 
mode of joining tht winding 
lap^s huik upon the 

loop 3-1 1 overlapjiing 1-12, 
and so on. If the series be 
continued, we go right round 
tiie wJiolc lot, and end off as 
follows : G9-80-7 1 -2-73-4- 

7r)-G-77-8-70-lG-l. 

Successive Waves. 
The other mode of grouping 
is called wait winding. To 
carry it out wc shall need an odd number of slots 
— say, 3G instead of 40. 'Phe tirst slot will con- 
tain conductois Nos. 1 and 2, the last slot Nos, 77 
and 78. Now consider the loop made by Nos. I 
and 1 2. Instead of lapping bock to the loop made 
up of Nos. 3 and 14, connect the winding forward 
to a loop surrounding the next noi-th pole further 
on — namely, the loop made up of Nos. 21 and 
.32 — and let this b(* again joined forward to the 
loop o})posite the next south poU‘ in regular 
succession. Four such loojis will then run as 
follows : l-12-21-32-41-r)2-Gl-72 ; and this 

has brought us round not to the slot from whieJi 
we started, but to the one next to it. It will Is* 
seen that the successive steps forward are values 
of 1 1 for the front pitch, and of 9 for the back 
pitch. If we continue on, we should have, after 
61-72, the numbers 81 and 92. But there are 
only 78 conductors in all, so that the 81st is 
really No. 3, and the 92nd is No. 14 ; so we get 
for the next round of the series : 3-14-23-34- 
43^-63-74 ; and so on until wc have gone 
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through the wliolc S('t and ^^irld up on the 
eighth round as follows : 

19 ;K)- 111) 50- 51) 70-1 -12 ; 

thus ending hy hoeoming re-entrant. 

Anyone; wlio wants to Ix'eonie familiar with 
wave- windings shoidd draw a diagram of these* 
99 slots around a eireh;, and join up the eon- 
duetors in the fashion folio w(‘d in 68. W'e shall 
rnei’ely remark that while* for a laj) winding any 
luimher of slots, odd or even, ean he used, for a 
wave winding the numher of slots must la* odd, 
and must fulfil the formula S />// I ; where 
S is the numher of slots, 
p the* numher of poles, 
and // the average num- 
ber of slots of the winding 
pitch (in the above (*ase 
H •- 5). 

Paths Through 
a Winding. 1 1 was 

rt*mark(*d above that in 
any re-entrant winding 
there arc necessarily at 
least two ])atbs for tlu* 
current. VVe have next 
to exaniim; this point 
more closely. To lu‘lp us 
in this let us eonsidei- 
a 4-pole machine such 
as 44. 'rh(' curn'nts in 
the coriduetors that are 
passing undi*r the poles 
will have direetions as 
already determiiu'd hy 
the rule of tlie right 
hand. Now eon.sich'r 
the winding .selu'iiu* for .. . , 

as simplified in the diagram [66J. Here thei, 
are supposed to he otdv 12 slots, with two 
ooncluetors in each. 1 he 'tour magnel-]K)les aiv 
not drawn, they must he imagined; and wc* 
can dc.scrihe their positions hy the r(‘,S]K*elive 
<1 u a d r a n t s 
they face, lb it 
we see that if 
the four pol(*.s 
stand as in 49, 
and if ttn* 
armature is n*- 
volving right- 
]iand(;dly, as 
in 65. the in- 
duced eurn'uts 
will ho flowing 
towards us in 
all wires that 
are passing tlirougb the N\V ami SK (piad- 
ranls (bi*ing marked with dots), and will )>e 
flowing from us in all wires that are passing 
through tlic NE and vSW quadrants (being 
marked with crosses in the diagram). Now let 
these 24 conduetors be joined up in a lap winding, 
taking the back pitch as 7 and the front pitcli 
as 5 — that is. No. I eonduelor is joined at the 
back of the loop to No. 8 conductor — and then 
let the connection at the front from No. 8 lap 
back to No. 3. The numbering and connections 
ol the varioiifl conductors is perhaps better 
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understood by use of a devehped winding diagram 
such as 67, which represents the same winding 
as though laid out flat. In the radial winding 
[66] all the end- bends of the loops that are 
at Ihe “ front,” or commutator, end of the 
armaturi*, are (Irawui at the inteiior, wdiile all the 
<‘nd-beTids at the “ hack ” of the annature are 
drawn at the exterior of the diagram. Now , to 
both these diagrams [85 and 67] let us add arrows 
fo show the directions of flow of the currents. 
Eor example, in conductor No. I, which is in the 
NE cpimlrant, th(* cross in the small circle 
indicates that the in- 
due(‘d current is flowing 
from us. Let us then add 
arrow-heads on the front 
end - bends leading to 
No. 1 in (hat at the back 
leading from No. 1 to 
No. 8. When we shall 
have similarly marked 
all the cormecting wires, 
wo shall discover that 
there arc four points on 
the winding to or from 
wliicli the currents con- 
v(*rge. I'lius, two cin - 
rents run to converge 
toward each of the two 
])oinls marked V (posi- 
tive), and tw'o others ruti 
from, (;aeh of th(} two 
Ijoints marked N (nega- 
tive). As shown in both 
66 and 67, the windings 
aic joined at regular in- 
t(*rvals hy riser.s to the bars, or segments, of tlu* 
eommut;iloi*. muikecl a, 6, r, d, (;(e.' A little con- 
sideration will .show that it is just at those four 
l)oints marked N, P, N, P, that the bru.shes mu.st 
he set to e{)llt‘et the euirents. The two positive 
huLsIics at PP must lx* joined together and 

connected to 
the positive 
main of the 
circuit ; and 
the two nega- 
t i V e brushes 
at NN must 
Him i 1 a r 1 y 
be joined to 
t h (* negative 
main of the 
circuit, and it 
now becomes 

. , , . , evident that in 

ttiis lap-wound 4-poU* armaturt* there will be four 
paths— all “ in parallel ” with one another— from 
the negative to the po.silive .side. If themat'huu* 
were delivering, say, 100 amperes, 25 ampere.s 
would flow along each of the four paths. This is 
one of the jiropei ties of a lap winding— //tere will 
be as vmiiy paths through the armtUnre windings 
as the. rmchine has poles ; and there will bo 
needed as many sets of brushes around the com- 
mutator as the machine has poles 
Series Parallel Circuits. Now turn, 
to the case of the wave winding. Tbe corre- 
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Bponding diagrams are given in 68 and 69, the 
former being a radial diagram, and the latter a 
developed diagram. The number of slots is 11, 
of ranductors 22, and of commutator bars 11. 
It is still a 4-poio machine, with induced cur- 
rents coming toward ua in the NW and SE 
quadrants, and going from us in the NE and SW 
quadrants. Hie winding pitches back and fiont 
are both 5, for No. 1 is joined at front to 
No. 6, and No. 6 at back to No. 11. If now wc* 
think out the directions of the currents, and 
draw the arrow>heads in all the end-bonds, we 
shall discover that there 

are only two points in the ^ 

winding where the cur- 

rents converge — one P f / ^ 

(positive) and one N 

(negative). In this case, cl 

therefore, the adoption 

of a wave, winding leads to ^ 

the result that though \ u>^ 

the machine has four \ / / \ 

poles, there are only two Y \ 

paths in parallel through / / wA 

the armature, and two / /V 

brush-sets only will bo / j ^ /C 

needed, and these must N. 

bo set at a distance of i \ M 

one pole-pitch apart on 

the periphery of the com- \ > 

mutator. It is a property V \ 

of a wave winding (if \ 

made like this, with one 

slot fewer than an exact 

multiple of the number of 88. wave windi; 

poles) that two brush-sets 

only are needed, whatever the number of poles; and 
there will be two pjiths only through the windings 
from negative to positive. Such armatures are 
sometimes called series wound, though series 
parallel is more accurate. This kind of winding 
(using former wound coils like 57, grouped to 
form a wave 

winding) is pre- \ ^ 

ferred for tram- 'V 

way motors and j f r' ^ ^ ^ 

for variabl e r : h ; If U 

speed motors j j i i i i 

generally. It is j 1 i ; ; 

also good for U,, 'K. K 

such generators * 'v' V X 

as are to give 

relatively small GJ C3 B B f 

currents at high p n 

volt^es. By a 69. wave windinc 

modiheation of 

the same plan windings can b() found which 
will give either two, four, or six paths through 
the armature of a multipolar m uihine. 

RocKing the Brushes. It will now bu 
evident why the brush-sets must bo mounted on 
.an adjustable frame. It is that they may bo set 
' at the exact spot, or neutral position, where the 
currents tend to converge. If they are shifted 
from that spot, the usual effect is an outburst 
of bri^t spalls, which are destructive of the 
'■ costmutator. The so-called rocker is a clamping 
, frama to prootisre exact adjustment of position. 


Ring»wound Armatures. Earlier in 
date than cither the lap- wound or the wave- 
wound toothed drum armatui'cs were the ring- 
wound armatures of Pacinotti (toothed ring, 
18f>4) and of Gramme (smooth ring, 1870). In 
both these the wires were coiled on a ring-core, 
the wire being wound on the ring in sections, and 
each section being joined up to the next, so as 
to make a re-entrant winding. This winding 
was connected down at regular intervals to the 
segments, or bars, of a commutator. The scheme 
is sliown diagrammatically in 70 . In fact, 
though the separate coils 
do not overlap one 

another, the winding pro- 

\ greases regularly around 

\ the ring, and precisely re- 

sembles in its properties 
\ a lap winding, save that 

V I each turn of the winding 

I threads bat'k through the 

j interior of the ring. This 

7 prevents the use in ring- 

xO /\ wound armatures of 

jBf \ \ former-wound coils. The 

\ / commercial introduction 

T / of the Gramme ring gave 

^ J / X immense irnjMitus to 

infant industry, but 
m J ' windings are never 

oow used, except in 
^ 7 ' quite small machines 

and little motors. The 
bipolar lap-wound drum 
WAVE WINDING, KAOIAL DIAGKAM Winding was (llie tO Voil 

Hefner, in 1872. 

Sparkless Commutation. If atten- 
tion be directed to individual loops of the wind- 
ing it is seen tliat as they pass along under 
successive poks the currents indneed in them 
arc continually reversing in direction. The 
reversal takes place as the slots containing 

the 8idt‘8 of the 

- Nv f'N. X ' \ loop have passed 

^^’om being 

^ ^ ' /X . X und(*r the poles 

. ! A. ; and ar(‘ just 

: : . ■ ; ; coming again 

• ; i ! : under the tips of 

^ ' t ' , ' i > Y the next pair of 

V X. .• NT . xX X- ' 'X t ins IS the 

moment when 

I B M H m a 0 

ing bars of the 

DEVELorED DT.AGRAM Commutator are 

passing by the 

collecting brush. As the brush isgcnc'rally broiwl — 
broader than the brc'adth of a commutator- bar— 
it follows that at the time wlieii the brush makes 
contact with two bars of the commutator at 
once the coil, or loop, whoso ends are joined to 
those two bars will be short-circuited. If the 
brush be broad, the duration of this time of short 
circuit will be longer than if the brush be narrow. 
Now, it takes time for a current in a loop to bo 
reversed in direction, for the current has 
die down and then grow again, flowing in the 
opposite sense. Broad carbon- brushes give the 
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necessary time tor tliis ofjeratioii, and the 
resistance of the lilni at the surface of contact 
acts like a valve-port of varying si/e to turn the 
current off and on again in tJio loop. Tims the 
resistanee at the faei‘ of a broad car l)nn- brush 
affords a means of natural annnintalUm without 
sparking. Ihit if thi^ current to be colk'cted 
is too great, or if tlioro is not time enough 
allowifd in the brief duration of the passing 
contact, and if metal bruslu‘s an^ us(‘d, then resort 
must be had to /o/ced cammutatum. Hv (his 
terni is meaiil the inlrodimtion into tlie loop or 
coil that, is undergoing eommuUition of induced 
electromotive forces that tend to /om* the 
current in it to re vtust* during the time of eontaet 
witli the brush. Such forced commutation is 
elT(;ctetl in one of two ways. The oldest way is to 
rock tlu^ brushes to a position forwun/ from the 


or paths, through the windings (2, in wave-wound 
armatures, or as many as p in lap- wound 
armatures), l^et Z stand for the number of 
conductors all round the armature, this l)cing 
the same as the numb<‘r of slots multiplied by 
the ruimher of conductors per slot. (In actual 
machines this number is seldom under 80, and 
seldom ovi»r 1,200.) Lastly, let tho number 
of revolutions per minute be called RPM, so 
that the niiinber of revolutions per second will 
be KPM f (iO. Then it is clear that tho number 
of poles passtui in a second by any one conductor 
will be o<jua.l to p x RPM x (U) ; and the number* 
of lines cut ])er second by any one conductor 
will be cfiual to N x /> x RPM -i- 60. Now, 
as already stated in Kle(*tric Mkasuhe- 
MENi, one volt is ecpial to the cutting of 10^ 
(?‘.c., 100,000,00(0 of lines p(‘r second. Hence, 



neutral ] nint, so that the coil, or loop, is actually 
begiuniii: to cut tJie magiu'tic litU's during the 
time of brush contact. The newer mode is to 
provide auriliary pairs, called reversing poles, 
ludween tlie ordinary poles of the iield-magnet. 

Calculation of a Dynamo. Tho 

elect romolive force of a dynamo dej^ends on tJie 
strcngtli of tlie magnet-poh's, the number of 
conduetnrs on the armature, tlu' speed and tlio 
grouping of the windings, and is readily calculated 
as follows. Lot N stand for the nunibiT 
of magnetic lines that any one polo— all tho four 
poles should be equally strong — scuds across 
tho air gap to the armature — tiiat is to say, the 
amount of magnetic flux per pole. This will 
be usually some number between l,000,0fM) and 
20,000,000. Let p stand for the number of 
, J-«t stand for the number of circuits. 


the number of volts generated in om* eonduetor 
of the armature will be N x p x RPM 
((30 X 10'*). But there (Z) conductors, and 
these are all joined up together in a particular 
way so that they constitute (c) circuits or paths, 
ami the number in series in each circuit or path 
will be Z c. Hence, if we multiply tho volts 
generated per conductor by this numlxjr we find 
an exjircssion for the w hole' voltage (E) generated 
by the machine. So we write 


E 


c 60 


xZxN ••-fb'* 


For oxiimplc : In tho dvnarao dopioted in 
44 , p 4 ; N 2,700,000 o = 2 ; Z -- 444 ; 
HPM •--= 040. liiaking the calculation, wo have : 

E =.7 X 444 X 2,700,000 -f- 100,000,000 = 266 

volts. 
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Excitation of Magnetism.. There 
are several ways of exciting the magnetism 
of the magnets of dynamos. In the early 
magneto>elcctric machines of Faraday the 
magnets were either permanent magnets, of liard 
steel, or else soft iron electromagnets, separately 
excited by means of batteries. In 1 85 1 Sinsteden 
suggested using the current from a small 
permanent mignet-maehine to excite the 
electromagnets of a larger machine. In the 
years 1866-7 several inventors — amongst them 
Wheatstone, Siemens, and Varley— indeptm- 
dently proposed to render machines self -exciting 
by passing 
either the 
whole or a 
part of the 
current from 
the armature 
around the 
field - magnets. 

About twenty 
years later 
compound 
winding was 
introduced. 

Figs. 72, 78, 
and 74 show 
respectively 
schematic dia- 
grams of th(i 
connections of 
the magnetis- 
ing coils in a 
fifrieS‘Wound 
dynamo, in 
which the ex- 
citing coils 
receive the 
whole current, 
and are in 
scries with the 
outside cir- 
cuit ; a shunt- 
wound dyna- 
mo, in which 
the exciting 
coils reoeWe a 
small fraction 
only of the 
whole current, 
being of fine 
wire, and are 
in sliunt with 
the external 
cirouit ; and a compound - wound dynamo, in 
which shunt coils give the principal magnetisa- 
tion, while som:^ series coils serve to inertiasti the 
magnetisation as the load in the external circuit 
increases. 

Series-wound dynamos are very inconstant 
ift their voltage, since this depends on the 
magnetism, and the magnetism will vary with 
the load, being very small at small loads, and 
targe at full load. 

Shunt-wound machines are very nearly 
" leon^tant in their voltage at all loads, as the 
TpL^gn^iimn. is praoticaUy constant, and the 


voltage-drop at full load, due to reactions and 
internal resistance, may be less than 2 per cent, 
of the initial value. 

(‘ompound-wound machines are constant in 
their voltage at all loatls, or may even \w made 
— by increasing the numlwjr of series coils— to 
cause the voltage to rise at times of full load, 
Such over-compounding is useful in tramway 
generators. 

Magneto-electric Generators. Little 
machines with permanent magnets of liard 
steel are still enxploycd to generate currents on 

a small scale, 
as toys, and 
for ignition 
purposes in 
a u t o mobiles. 
In such eases 
[75] the mag- 
nets are bi- 
polar horse- 
shoes, the 
armature is 
reduced to the 
simple shuttle- 
form invented 
by Siemens in 
1855, and the 
commutator 
shrinks b a k 
to the primi- 
tive form of a 
bit of copper 
tul>e split into 
two halves. 

Giant Dy- 
namos. At 
the other end 
of the scale of 
develop m e n t 
Ave have the 
gigantic m a - 
ehincis in the 
power - houses 
of our electric 
lighting and 
traction enteT- 
prisos. It is 
quite frequent 
in tramway 
power - liouses 
to hiid several 
dynamos each 
capable of 
yielding 1.000 ainjKTcs at an eh^ctric pres- 
sure of 500 volts, and tlicrefore taking some 
750-horse power each to drive them. Gene- 
rators even up to 2,700 kilowatts, taking 
over 3,5(K).horse power each, with 36 jwdes 
surrounding an armature 21 ft. across, aiul 
a commutator 15 ft. in diamett^r, are in 
operation. Tnc^ annature of one such machine 
weighs 80 Ions, and the entire machine 150 
tons. Fig. 76 shows the machine as erected 
in the power-house at Boston, having been 
built by the General Electric Co., at Schenectady. 

The Dynamo Concluded 



76. COMMUTATOK END OF 2,700-KILOWATT 36-rOLE DYNAMO, 
AT BOSTON, U.S.A. 
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BOOT AND SHOE RETAILERS 

Capital. It is iin]j()ssil)l(‘ to giv(‘ any 
specitio informat 'Oil appliral)l(‘ in all caH<‘s as to 
tlio amount of capital r(‘<|uind in tin* retailing 
of Loots and shoos. A town trade rotjuin s a 
inor<^ varied stock than a country trad? and 
must bo of a d'ffcrcnt nature. Tiic individual 
ability of the pro]>riotor, the proximity of the 
sources of su]>ply, and the ability to secure 
speedy execution of ord(*rs, and other con- 
siderations intlut'iice the sum rc(piired. If 
the shopl<eep('r is able to do a good repair trade 
less capital may suffice, because the retailing of 
hoots and shoes is not the only source of income ; 
but in a general mixid ])rovincial business it 
may be accc'pted that a good re* present at ive 
all-round stock cannot l)c j)lac(‘d on the shelves 
for less than £500. Should this (*apitnl not be 
at command, tlie future may lx* pled'r< d— that 
is to say, the wholesah*rs, who an* always willing 
to ext(*nd facilities to a. really good man starling 
business, may give tt‘rms of cn*dit or accept 
bills for a largo j>art of the opening ordm? 

Stocking. We may consid-'r Innv the 
beginner might lay out the sum of CoOO in a 
good seleetion of hoots and sh(x*s. Our calcu- 
lation is intended to represent the stock in a 
good provincial town where there is not a pre- 
ponderating (k*mand for any one class of foot- 
wear. Iiv a (uty like London many hoot shops 
scar(H*ly eatt*r for the irndt* in ladies' slnx's. 
Such articles, on the other hand, would oreupy 
chief place on the sh(‘lves of a shop in a J.oridoa 
suhurl). TIu! hushand buys his hoots in tin; 
City, th(* wife and children purchase theirs at 
the lf)eal hoot and sho(* ston*. Also in a mining 
village, or a fishing port, stock to suit the 
locality would he diJTerciit from that we are 
about to deserihe. With these reservations 
regarding the practical vahn* of our scheme of 
purchasing stock, we may indicate tlie manner 
in which the aviu’agt* general hoot and shoe 
retailc'i* in a popular marketing n<*ighhouiiiood 
might do well to expend his £500. 

Details of Stock and Profits. We 

may allow the heginm'r £100 for men's foot- 
wear. Of this sum, £*20 might be spent 
on h(xivy boots for working men. This trade 
is becoming smaller in most districts. Work- ' 
men are beginning to favour lighter boots whieli 
do not last HO long, and which, therefore, need 
earlier replacement. Also, tliis is often a cut 
trade, especially in the lowest priced classes. 

A boot bought at Ss. a pair may have to be sold 
at 3s. lid. But the average price of heavy 
bootfS for working men is higher than this. The 

laid 


hulk of the trade is in bools costing .*)s. to 5s. (*d. 
a pair and rt‘tjiiling at (>s. t!d. 

Ordinary cheap walking boots account for 
till* bulk of the li*ade in the men's department, 
ami £()() may he s])ent on them. Prices range 
from Ss. lid. to l()s. (id., and the profits range 
from 27 per cent, to 33 per cent. Box calf 
and even glacc kids are gaining favour in this 
edass of trade. 'Pile proportion of brown boots 
to black is from 10 to loperc'cnt. of the former. 

Then the remaining t20 in the £100 may be 
allotted to what arc termed “gent's liglit wear.” 
Tlicse Avill consist of box calf, giaee kid, and a 
f(‘w patent-leather hoots. They yield better rates 
of fwolit than the cheaper classes— a lb’s. (id. 
hoot costing, say, lls. (‘d. The sizes of men’s 
hoots should range from 5’s to 1 1’s wdth three 
tittings in each si/i*. Sizes 7 and 8' Ix'ing the 
most common sizes should lx* bought in greater 
(plant ity. Foi- the Ix'ginner with the capital 
w(* set out to sp(*nd, half-sizes w'< 3 uld not bo 
p(.)ssiblc, unless th(i variety is Lmitc'd. 

Ladies’ Boots. Our beginner may dis- 
burse* £120 upon liis opening st(x*k in the ladies’ 
department. We shall Jillow him .£20 for stout 
leather hoots foi' working W’omen. Tlmse will 
cost from 3s. Od to 4s. a pair and lie w'ill retail 
tlu'm at 4s, 1 Id a pair, 'flu* greater part of 
the trade in Iadii*s' hoots will he in ordinary 
walking hoots sold at Os. lid to 8s. lid., and a 
g(.>od assortment, suitahk* for tl»e trade we are 
C(>nsidcring cannot be put into stock for less than 
£70. A prolit of 25 per (*cni, on takings may be 
looked for all round but in the cheaj^er classes 
a little cutting under tliis rate may he advisable. 
This w ill dep{*nd upon the policy pursued by 
the m\ar (iompetitors of the retailer. 

Ladic's’ “ liglit Avear '' Avill absorb the remaiu- 
ing £30 of the sum apportioned to the ladies’ 
department. The stock will retail at from 
lOs. (Id. to lbs. (Id. a pair, and the profits will 
he similai- to those* upon men's boots of similar 
quality. 

Youths’ and Boys’ Boots. The sum 

of £100 may properly be spent in youths’ and 
hoys’ boots. Tlicy may be divided into four 
clas.ses: Youths' working hoots, youths’ best 
boots, boys' school hoots, and boys' best boots. 
And to each class may be allotted £25. Youths’ 
sizes range from 2's to 5’s. Youths' working 
boots ndail at from 4s. bd. to Os. 6d., and youths’ 
best from 5s. (:d. to 88. (id. a pair. Prices rise 
by 3d. per size. The smaller sizes are usually 
cut in price somewhat, often showing a profit 
of only (:d. a pair, but this is made up on the 
larger sizes upon which 28. 6d. may be had. 
Public opinion does not recognise that the 





labour, and therefore the expense, of making a 
small boot is equal to that in a larger article, 
and fhe practice mentioned is a concession to 
public opinion. If the average of 25 per cent, 
over the whole be maintained the boot retailer 
may follow this practice with the knowledges 
that, although certain individual sales may not 
^ow their proper margin, the aggregate profit 
is satisfactory. 

Boys’ boots include the sizes from ll’s to I’s. 
Boys^ school boots retail at 4s. to 4s. lid., and 
boys’ best boots at from Ss. to fis. 6d. The 
practice and profits mentioned as pc^rtaining to 
youths’ boots apply here also. 

Children's Boots. This department will 
account for an expenditure of £40 in the 
stock order; £20 for children’s school boots 
and £20 for ** best wear ” or “ Sunday boots.” 
as they are sometimes called. Prices of the 
former are from 2s. lid. to 4s. lid., and of the 
latter from 3s. lid. to 68. lid. All sizes range 
from 7’s to I’s. 

Slippers and Sundries. The sum of £20 

will put in a good stock of slippers, from common 
house slippers to dancing pumps. A matter of 
£4 may be spent on infants’ and nursery 
boots which retail at from is. to 4a., in .sizes 
from I’s or 2’s to O’s. Tlien comes the depart- 
ment of sundries, which should be encourage^d, 
as being mucli more remunerative tlian the 
more important trade. Sundries include laces 
of all sorts, leggings, gaiters, and polishes and 
Hackings, which yield very good profits indeed. 
Indiambber heels are, at the time of writing, 
selling very well indeed, and promise to retain 
their hold upon public taste for some time yet, 
if not indefinitely. The man inUmding to build 
up a good family trade will strive to avoid selling 
the very cheap varietie.s. They will not establish 
a reputation for (quality. But a really good 
rubber heel may Iw bought at 5s. .3d. jjer dozen 
and sold at 9d, a pair, while those costing 7s. 3d. 
per dozen will be sold at 1 s. a pair. 

Our estimate of expenditure has not included 
special boots, such as cycling shoes, golfing, 
shooting, and football boots, as such things are 
special, and arc not necessary items in every boot 
shop. Tit. likelihood of selling any or all of them 
should decide the question of whether or not 
money should be spent on them. 

All Leather ar “Compo.” Much has 
been spoken and written regarding the wisdom 
or otherwise of selling boots which are not of 
leather throughout. Such boots should not be 
sold as of all -feather, but provided they are sold 
lor what they are, or if no claims be made for 
their material, nothing can be said against the 
trade. And the retailer learns that he can 
often give the public l^tttT value in a mixed 
boot at a certain price than he can in an all- 
le^^er boot at the same price. When an all- 
leather boot has to be produced at a certain 
very low price, the leather is of the lowe.st 
guimty fJiu^ will bear the name, the workman- 
ship must be crude, the 6t uncertain, and the 
finish poor. In an honestly made mixed boot 
the leather, <m the other hand, may be put into 
pa^ that have to withstand wear, and the 
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money saved by the canvas and composition 
used m the parts not subject to the same wear 
may Ik) put into workmanship and finish. The 
result may be an article not less useful and 
durable, but certainly more elegant and saleable. 
Consider a lady's boot at 5s. fid. a pair. JTow 
poor is the appearance, and perhaps the fit, of 
such an article if alMeaihcr bo insisted on ! 
How much beiU;r- looking, without necessary 
infe^rior qualities, may be a composition boot at 
the same price ! 

Buying. The entrant into the boot trade 
who has the placing of the stock order we have 
detailed will not be able to purchase from the 
manufacturers. Such a course would entail the 
division of the order into about a dozen sections, 
and most of them would be too small for direct 
dealing. Therefore, he must content himself by 
enlisting the good offices of a factor or middle- 
man, although this will cost him a little more. 
But by making a good factoring house his 
source of supply, he can usually secure accom- 
modation should he want it, and that may be 
far more important to him during his early 
struggles at establivshing a business than the 
saving of the small }xjrcentage that direct 
buying might give. Factors’ terms arc usually 
net at one*, month, unless under special arrangv^^- 
ment. Manufacturers’ terms dilTer. Some 
makers allow 6} per cent., and other makers 5 
per cent, for prompt cash, which means payment 
within seven days after invoice date. 

Assistance and Selling. Shop assist- 
ance in the boot -selling trade is not highly paid. 
In the cities a lad may 1 h> had at from lOs. to 
15s. a week, and in the provinces girls are often 
employed at from 2s. fid. to 10s. a week. Even 
in London a good, smart, all-round assistant 
can be had for 28s. a week, so that assistants* 
salaries do not account for an undue pro- 
portion of the dead charges in the boot retailing 
business. 

I’lie terms upon which*'1S|pfe arc sold depend 
upon tJu', locality and the nature of the trade. 
In the cities it is nearly all of a cash description, 
but in the family trade in the provinces the 
credit turnover may ^isc^ to 50 j)er cent, of the 
total. An iniquitous practice haa crept into 
the trade. It is by no means general, but 
sufficiently common for notice and stricture 
here. It is not unusual that an assistant may 
reap Ixmetit by “ fleecing the grecnliorns.” If 
it be evident that a customer is ignorant of 
boots and not particular as to price, the as8i.stant 
may sell a 10s. fid. boot for, say, 12s. fid. or 
148. fid., and thereby pocket a considerable 
commission, say, half the excess. On moral 
grounds the practice is to be condemned, but 
even on the lower grounds of business policy it 
is questionable if it be really rcmunerativ<‘. 

The subject of selling cannot be dismissed 
without a refenmee to turnover. The number 
of times that a boot and shoe rebiilcr can turn 
over his stock depends, as in every other trade, 
upon his perspicacity as a close buyer. Twice a 
year may bq taken as the average, but our man 
with £500 worth of stock would not show veiy 
good net profits if he did no more than this, 
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It would mean that his gross ])rotits were only 
£26d a year, or thereby, and wluai ri*nt, wag(‘s. 
and other chargi's had been jaiid from this tin* 
net balauee would be a poor return for his 
cnterjnise. tint tin* new venturer buys care- 
fully, ordering often us blanks occur, and in this 
inantuu’ lu^ may turn over his stock, say, three 
times a year. 

Repairing. A repairing department is a 
desirable and a usual addition to any hoot and 
shoe ndailing ImsiiU'ss. The necessary e(piip- 
miuit is not expcuisive, anti any man with 
limit(‘d capital should cciitainly adoj)t it as a 
feature. The sum of £20 will purchasi? every- 
thing lu^eessary — a st'wing machine (a llradbury 
for preference), an assortment of cut soles and 
heels, a few pounds of patching leather, iron 
sole plate and lasts, and the necessary grindery 
and small tools. The regular prices for soling 
and heeling an* 2s. (id. up to 4s. for men’s work. 
The low(‘r tigure is the common working man’s 
price, and it may yi('ld a good wage to a good 
workman, but not a larg(‘ 
profit to the cmploy(‘r. 6 

Occasionally, n*pair- 
ing is undertaken u])on I 

a more ambitious scab*, *' 

with a full etjuipuKUit 
of good machinery 
op(‘rating in full view 
of the public street. 

The machinery in such 
a case includes a Blalo' 
sole sewer, a stitchini* 
machine for w(‘lt(‘d w ork. 
and a finishing machine, 
which may all lu^ in- 
otalled for £1 Of). A |M)wei 
producer is iK'ces.s.uy, 
and is usually a gas 
engine, which may. 
howt'ver, b(* hired or paid 
for upon the instah 
ment system. The plant 
indicated and (hre(‘ 
men as opeiators should 
overtake, say, thirty “sole and heel ” jobs per 
day, yielding fid. each gross profit, and giving the 
proprit'tor about £200 a year net profit, 'riiis 
compares favourably witli the mere selling of 
boots and shoes in return foi* money invest(‘d, 
and the good juaetical man may often find it the 
preferable venture. 'I’lu' fi('Ul is, of course, 
rather limited, as it is only cities and largo 
towns where 8ufiiei(‘nt constant trade for such 
a repairing shop ea?i be got. 

Shop and Window Fittings, 'f'lie 
stocking of boots and shoes is a comparatively 
easy matter now' that the practice of having 
each pair in a cardboard box is all but iinivt^rsal. 
The shelving should b<* of a si/e to allow the 
boxes to stand three to the luught. Tf four be 
pliU'cd in a tier, the shelves are more apt to 
become untidy, and “ three-high ” is the most 
convenient system. The art of wdndow' dressing 
is receiving much gieater attemtion than formerly. 
Jt is becoming recognised that taste in arrange- 
meud. and not quantity of exposed stock, is the 


crittuion of an attractive and effective boot 
window Many makers of window^ fittings 
offer large selections of display stands specially 
designt‘d for the hoot selling trade. The neatest, 
cleanest, and most couvenient window arrange - 
m<*nt is that shown in 1. The glass shelves 
are preferable to those of any other variety, as 
th(^y may b(5 most easily kept clean. The JU’O- 
jeeting glass plates which are attached lo 
(he frorP of the shelves serve to throw into 
desirahlo prominence single hoots, and success 
in window dn.ssing depends upon the atten- 
tion drawl to indiviiual articles. The cost 
of a window^ arrangement, as illustrated, 
may he estimated from the following prices of 
the component parts 

Brass eased tube ‘or uprights, I in., plain, 
fid. per foot. 

Brass eased tube for uprights, I in., orna- 
nuuital, Is. per foot. 

Brass end knobs, from fid. per pair. 

Bottom sockets, from Is. ])er pair. 

Side fixings for stan- 
dards, Is. jier pair. 

Shelf brackets, with 
sockets for I -in. tubes 
and for 10- in. shelves, 
2s. each. 

10-in. plate glass 
shelving. iK)lished (idges, 
about 2s. 3d. per foot. 

Glass plates, as show n, 
7 in. > 3. I in., with clips, 
at about Is. 2d each. 

(.‘aleulatkin of the size 
of the window and of 
the length and number 
of the various fittings 
required will give the 
approxinjite price of 
the arrangement for any 
given window. The 
boot retailer w'ho intends 
to fit up a shop ought 
to secure catalogues 
from the most up-to- 
date firms of shop-fitti^rs, and select therefrom 
the fittings most suited to his trade and to the 
.scope of his premises. 

The Personal Equation. Having con- 
sidered the shop, the stock, and the profits 
of the hoot and shoe business, we may turn to a 
study of the tpialities desirable in the man who 
is to be in charge, wh(»ther proprietor or manager. 
H should be intimately acquainted with the 
various nniiual or mechanical processes by which 
boots and shoes are made. He should under- 
stand fully the merits and qualities of tlie 
various kinds of leather and other materials 
which entcT into the production of boots and 
sbo<*s He should make himself familiar wdth 
the dilTennee between the old method of bark 
tanning and the new method of chrome 
tanning. It is imperative that he should know 
something of the anatomy of the foot and its 
natural functions. 

Technical Education. During recent 
yeai’s there has l>cen aw'akened a keener interest 
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^in th« application of scientific principles to the 
art of boot and shoe manufacture. The 
** American invasion ” a few years ago has 
doubtless been responsible for this. Thus, 
greater attention than hitherto is being given 
to technical instruction in the craft. There are 
numerous institutions where technical training 
can be secured. In London, such institutions 
include the Leather Trades School, at 42, 
Bethnal Green Road, E., and the Polytechnic 
Institutions in Regent Street, W., and in 
Borough, S.E. Provincial centres whore boot 
manufacture is taught include Norwich, Leicester, 
Northampton, Wolverhampton, Stafford, Bristol, 
Newcastle-on-Tyne, Leeds, Stone, Glasgow, 
Dublin, Cork, and Ballymena. I^ecture courses 
are frequently given in Northampton villages 
and in other places, where instruction is desired 
and where there are no permanent schools. 

The Leather Trades School in Bethnal Green 
is unique in combination of theory and practice 
of which the student may avail himself. There 
the boot and shoe seller as well as the boot and 
shoe may acquire a knowledge which 

will prove valuable in his work. During the 
winter or spring term there is given a course of 
six lessons in foot measuring, and the testimony 
of pupils is that attendance at these lessons 
gives the ability to reduce the misfits to some* 
thing approaching 0 per cent, in daily business 
practice. The fee for the course of lessons is 
five shillings. 

Shop Practice* Tact, like civility, plays 
an important part in any business, and almost 
every customer requires different treatment. 
Some are easily satisfied, some only satisfied 
with difficulty, while some customers are 
never satisfied. There is probably nothing 
which irritates a customer more, or which 
BO easily leads to dissatisfaction (and to a 
dissatisfaction which is unjustifiable) than the 
common practice of trying on a half-dozen or a 
dozen kinds of boots before a fit is secured. For 
this reason every shoe seller should make himself 
familiar with the size and fitting of every kind 
and grade of footwear in his establishment, and 
be able, after taking the measurement of a 
person’s foot, to go to his stock and select the 
exact A ^ required instantly. Unfortunately, 
there is not at the present time a recognis^ 
national standard of sizes to which all makers 
conform. Almost every lastmaker has his own 
particular sizes, whilst the vanity of those with 
large feet has led to a serious corruption of sizes, 
many boots and shoes — those intended for ladies 
. especially— being marked a size and fitting 
Smaller than they are. The shopkeeper should 
insist upon the maker supplying him with his— 
the maker’s— standard, in order that he may 
know what differences exist between the various 
makes. The tables given in next column show 
a ^le of sizes used by many makers. 

1. Mteauring the Foot. The foot should 
be measured when at rest— that is to say, no^ 
W^ht should be placed upon it. The points of 
the joints, the instep, the heel, and 
, the teg. ^e particular shape of the foot should 
I'^teimme particular form of shoe best suited 
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to it, but as the wearer requires boots and shoes 
which, figuratively speaking, have to fit his head 
as well as his feet, a compromise has invariably 
to be effected. Should a plan or “draft” of the 
foot be needed, it can be made by resting the 
foot on paper, pressing the foot only lightly, 
and marking it round [2], taking great care to 
hold the pencil absolutely vertical, and marking 
on the draft the position where all measurement 
are to be taken across the foot. In taking the 
length of the foot, it is customary to allow 2 
sizes in the length for boys, 2J for ladies, and 
3 for men — that is to say, if a boy’s foot 
measures 5, the boot or shoe requirea should 
measure a 7 in length. In taking the girth 
measures of a fat, or fleshy, foot, the measuring 
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tape should be drawn moderately tight; but 
with a bony foot there should be no compression. 
If the foot be short and thick, and it he desired 
to give it a smarter appearance when clothed, 
three sizes instead of two may be added to the 
length, but the toe should be what is known as 
“ cased,” so that the leather at the toe does 
not fall in beyond the toes and become unsightly. 
Glove kid or buckskin should be recommends 
to persons with very tender feet. 

Fitting Deformed and Awkward 
Feet. This is a task which should be left to 
the bespoke bootmaker, but it is frequently 
undertaken by the ordinary shopkeeper, with 
questionable success. The latter gets the 
“ specials ’’’“or “ measures,” as they are termed, . 
from the wholesale manufacturer, who, not seeing 
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the actual foot to be fitted, fails sometimes — 
indeed, more often than not — in fitting the foot. 
To avoid tliis, the proper course is to take a 
plaster cast of the foot, and to send the cast as 
well as measurements to the maker. This is not 
a difficult operation, and is accomplished in the 
following manner. 

Taking a Plaster Cast of the Foot. 

A box consisting of throe parts, as shown 
in the diagram [3], is required. A is the 
false bottom grooved at the edges so that the 
frame B will fit snugly. D and E arc foot-rests, 
so placed as to conn* at the hall and heel of the 
foot. They should la* I in. .s(juare at the base, 
J in. at the top, and 1 in. in height, (’are must 
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he taken to have these rt‘sts firmly attached to 
the bottom A, and any opening there may be in 
the joint at the base filled with putty, to prevent 
the plaster from filling. The frame (’ fits on the 
frame B, and is held in place by the four hits i>f 
wood F, which are screwed or glued to the sides 
of the frame. The frames B and 0 are each 
3 in. high, aMd are as smooth as possible inside, 
as is also the b<3ttom A. 

To take the cast, grease the inside of the 
frame B, also the bottom A ; place the frame B in 
position on the bottom A. Before the foot is 
placed in the box it, like the box, must he 
greased. A mixture of tallow and oil is host. 
Bo careful that not one spot be loft unoiled, else 
the plaster w ill adhere to it, causing no end of 
trouble. Add the w^ater to the plaster-of-Paris 
until it has the consistency of paste, not too thin. 

Warm water is commonly used as it causes 
quicker setting than cold water. Place the 
foot in position [4] in the box at once. The foot- 
rests D and E are not intended as supports for 
the foot, but rather as rests, or guides, to steady 
the foot in its position, and to prevent its move- 
ment w'hile the plaster is setting. The foot must 
not press on them sufficiently hard to interfere 
with, or rather displace, its contour. The foot 
should just touch the rests, thus preventing the 
heel or toes from being “ dipped ” into the paste 
before it has hardened. 
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Making the Mould. Whenever the 
plaster is mixed to the proper consistency, 
begin pouring it into the box, until the plaster 
comes to the rounding of the outer edge of 
the foot, from the toe to the heel. Allow a few 
minutes for the plaster to set, then carefully 
withdraw the foot. It will be found that a 
perfect imprint of the foot is left in the plaster. 
In pouring the plaster into the box, see that it 
comes up to the line of extreme projection all 
around the foot. Inspection will show that this 
line is very low dowm on the outside of the foot, 
w’hile on the inside it would run from the great 
to(^ joint back and upwards parallel with the 
instep. This can be done by waiting till the 
plaster begins to thicken, wdien it can be laid 
up higher where wanted, and scraped down 
wdiere not w’anted, by use of a blunt knife. In 
removing the foot, first lift the toes, then draw 
the foot from the plaster, by moving it obliquely 
to the front, so as not to disturb the outline at 
the heels. 

After the east has sufficiently hardened, 
continue the operation by placing the frame C 
in position. Grease the foot, and such portion 
of the cast as has been made so far. Place the 
foot in position again, and cover the front half of 
it with a paste mixed a little thicker than at the 
tirst operation, finishing it otf while in a plastic 
condition in a veitical line at the ankles. When 
this has hardened, fill the rear part of the box 
w'ith th(‘ paste, but before doing so, do not forget 
to oil tlvoro\ighly every portion exposed to the 
plasl(.*r, and also the plaster already in the box, 
else, w'lien the foot is removed, it will be found to 
be adorned by a plaster ring or anklet, which has 
to be broken before it can be removed. 

'I’he mould is now in three pieces, and after 
duo time has been allowed for them to harden, 
is ready for the lost operation. First remove the 
front and rear sections of the mould, and 
thoroughly grease the inner part of all three 
.sections. Next, carefully replace the sections, 
and the mould is ready for filling. For this 
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operation, prepare your paste of the same con- 
sistency as in the first instance, and pour it into 
the mould. In a short time the frame C can be 
lifted off, the front and rear sections of the 
mould removed, and you have exposed a perfect 
counterpart of the foot, from which a last con 
be made that will ensure a perfect fit, if the shoe- 
maker does his duty in other respects and sends 
the correct tape measurement. 

Another method of taking the shape of the 
foot is with gutta percha, but it is not so reliable. 
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Trade Literature. The best reference 
books for the boot retailing trade include the 
following: “The Manufacture of Boots and 
Shoes,** by F. Y. Golding (Chapman & Hall, 
7s. 6d.) ; “Boot Making and Mending ” (Cassell 
& Co. Is.) ; and several books published by the 
Burlington Co.: “Manual of Boot and Shoe 
Manufacture,*’ by Hill & Yeoman (4s. 6d.); 
“Pattern Cutting Made Easy,” by T. Brophy 
(48. 6d.); “Measurement of Human Foot and Last 
Fitting,” by W. J. I^wis (8d.); “Last Making 
and Last Measurements,” by A. E. Tebbutt 
(Is. 6d.); and “Pattern Cutting,” by W. Morris 
(Is. Bd.). The trade is also well provided with 
trade journals. 

BUILDERS’ MERCHANTS 

The business of a builders’ merchant lies 
half-way between what is known as black 
ironmongery and that of a timber, brick, 
and slate merchant. In starting as a builders’ 
merchant, the tradesman needs to be quite 
sure about several matters. His area must 
be one where land for building operations 
is being developed, and ho should be careful 
not to plant his depot too far from a railway- 
station. Obviously, the ideal spot is adjacent 
to the goods-yard of a railway company’s 
premises, so that the question of a private 
siding when the business has developed large 
proportions will not become a serious one. The 
importance of considering this point should not 
be overlooked, especially in provincial towns, 
where land is not rented at prohibitive prices. 
When once a business h?us been established on a 
reasonably firm basis, the question of adding a 
saw mill will be sure to crop uj), and then the 
difference between proximity to, and distance 
from a station may make or mar the opportunity. 

Premises. The promises demanded by 
the requirements of the business must be 
roomy rather than showy. A good deal of the 
stock can be kept in the open air without fear 
of deterioration, but a w'arehousc will be re- 
quired for the safe storing of ccnK'iit, which 
may well be kept in the ground floor of, say, 
a threc-storcy building. The first floor may 
be devoted to heavy goods, and to such as 
require to be displayed to advantage -to 
stoves, ranges, and mantelpie(;e8, for example, 
if these are included in the stock. A third (the 
second) floor may accommodate “bread-and- 
cheese ” stock, such as laths, felt, nails, hair, 
etc. Obviously, a small crane, fixed on the 
second floor, to serve both, and to facilitate 
loading and unloading in the yard, will prove 
serviceable. 

Fixtures. Both in the warehouse and 
in the yard some outlay is necessary to provide 
suitable fixtures ; but these need not be ex- 
pensive, and, for the most part, open frame- 
work answers every reasonable requirement. 
Racks, standing out from the wall about 24 or 
27 in., are suitable for such stock os laths in 
bundles, wallpaper, and glass-— unless the last- 
named be kept stocked in original crates. These 
racks, if built on frames out of 3 by 2 in. deal, 
from floor to ceiling, maybe filled in with shelves, 
made up of the 3 in. stuff ripped twice the 2 in. 


way, and laid with two, or even two and a half 
im^h space between them. The builders’ merchant 
will be sure to stock corrugated iron, which can 
best be kept flat in racks, built up of wood 
uprights, with J in. horizontal tubes, upon 
which the sheets arc laid. The rack should be 
arranged so that the sheets can bo introduced 
at. and withdra^\Ti from, one end. The clearance 
betw^eon the end uprights will need to be not 
less than 28 in., which, however, it need not 
exceed. Each gauge length ought to have its 
special compartment. 

Many builders’ merchants stock gutter and 
spouting, and a few include cast-iron soil pipes 
in their stock. These can be kept best on end, 
on racks raised from thci floor sufficiently high 
to allow the pipes to clear the ceiling. Whatever 
the room then left at the bottom can bo utilised 
for small fittings, such as bends, outlets, stop 
ends, etc. Nails may even be stocked thus, 
but a b(‘tier way is to kee]) thesci in their original 
bags, sto('k('d one above the other beUveen 
rails fixed at convenient distances apart between 
the floor and ceiling. As to the small wares, 
much of the information which will be found 
in the section ch'votcd to Ironmoncjkrv applies 
in the case of builders’ merchandise. 

Capital. ( ’onsid(‘rable capital is required 
to start in a way likely to ho followed by 
success. IjOss than £(>00 will barely suffice, 
while £1,000 is by no moans an extravagant 
estimate. Ev(‘n then all fhe capital ought not 
to he locked up in stock. The K(*lling side of 
the business is one in which credit must be 
practised, anrl some l)alane(‘ at the bank will bo 
almost a necessity. It is useless t-o ignore tho 
fact that the risks in this business are consider- 
able. Tb(‘ averages speculative builder is 
notoriously a bad payer, and usually hard-up. 
The conditions under w^hich he conducts his 
operations eompid him to buy cheap materials 
in the cheapest market, and common bnilders' 
goods do not carry a large jirotit. Against the 
small profits must la* s(*t the fact that the 
stock, if properly bought, ought to be turned 
over at least three times, and by enterprising 
management, four times a year. 

Profits and Expenses. It is not pos- 
sible even to estimate the profits of tho various 
departments. Much depends upon the local 
conditions. Where conditions are not abnormal, 
and the competition and price-cutting not very 
severe - and few trades suffer more than this 
in that respect - an average of 20 per cent, on 
the net cost of the goods to the merchant may 
be looked for ; little enough when the heavy 
expenses arc taken into consideration. 

These expenses are connected with the sale 
and distribution of the articles stocked. Busi- 
ness does not come to the yard of a builders’ 
merchant by a process of natural gravitation. 
It has to be sought, and often keenly con- 
tested. In the case of oven tho smallest con- 
cern one man on the road all tho time will be 
absolutely necessary. His salary will be from £70 
to £100 a year, with a commission on goods sold 
and paid for. This commission might be not less 
than 2J per cent, over all, with extras on special 
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lines. Added to this th^re will be bis travelling 
^ expenses which may take the form of railway 
fares or the upkeep of a horse and trap. Another 
* important source of expense is the carting. 

Staff. The wage-bill of the yard and 
office staff will not bo serious, provided the 
business is under the direct supervision of the 
principal, who, however, may wisely elect to be his 
own traveller. In that case a responsible man 
with a knowledge of the details of the business 
will be wanted inside. For the rest, a second 
salesman, a junior clerk, and one or two strong 
porters will furnish all the assistance required 
in even a good-sized concern. 

At least one man about the business must 
be a capable man of affairs. It may be the 
proprietor if he does not travel, or the chief 
clcrK, but owing to the conditions under which 
the work has to bo carried on, a specially 
sharp eye must be kept on the financial side. 

Stock. We have already pointed out that 
the stock of a builders’ merchant lies within the 
confines of two other distinct trades. It is an 
essential condition that the stock should be 
bought at rock-bottom prices, on the best pos- 
sible terms, and from the actual manufacturers 
or producers. The man who expects to succeed 
must set himself steadfastly against buying 
from the merchant bigger than himself. 

Practically the stock falls into three or four 
classes, of which somp indication may be given. 

Class A may comprise the stock which can 
be termed glazed earthenware. Some of it will 
be salt glazed, and include drain -pipes, invert 
blocks, gulley and intercepting traps, access pipes, 
bonds, etc. Of better quality there will be 
cane, or cane-in and white-out sinks for the 
kitchen, scullery, and pantry, water-closets, 
S. and ]?. traps, etc., while highest of all will be 
stocks of white, marbled, and printed closet pans, 
lavatory basins, some of which, especially in the 
fireclay qualities, run to considerable prices. 

Class B will be that nearest to ironmongery, 
and will comprise ironfoundry and metals. 
Stocks of portable and cottage cooking ranges 
command a ready sale, and some attention will 
have to be paid to better-quality kitcheners for 
residential property, as well as to register grates, 
stoves, and mantelpieces. These last will 
include cast iron, which is now very much in 
vogue, enamelled slate, less favoured than 
formerly, and, if the business be a good-class one, 
in white painted canarywood and in fumed 
oak, polished walnut and mahogany. Sheets 
for roofing and guttir and spouting we have 
already mentioned. Furnace pans will bo called 
for, and nowadays copper and galvanised iron have 
to be supplemented by iron rendered rustless by 
the Bower-Barff process, which is an oxidation 
produced artificially to prevent the natural 
rusting which might occur in use. 

On the sanitary side stocks of soil pipes, lead 
pipes, manhole covers, water waste preventers, 
and l^atbs must be considered. Besides, 
there will, or may be, lead in rolls «lor roofing, 
cisterns and tanks, plumbers' taps and fittings, 
possibly M-tubea and fittings, compo " pipe, 
auor furmturet locks, hinges, sheet zinc, hoop 


iron for floor board tongues, fencing and gatei^, 
and, if the district is a good one, stable fittings. 

Class C. Part of tne “ ware ’* in Class A 
will naturally find a place in the oMn yard or 
under covered sheds, whore also will be roofing 
tiles, timber if it be kept, slates, chimneytops, 
paving stones, blue and red paving tiles, wall 
copings, roof ridge tiles, stable and forecourt 
bricks with chequered surfaces. 

Class D will be stored in the warehouse. 
Two or three brands of felt for damp course 
work and roofing will bo kept, plasterers* 
hair, paint, glass, putty, scaffold ^ies — there 
are several excellent metal ones on the market 
— ropes, plasterers’ laths, etc. 

Finally, there must be mentioned cement, 
one of the most important items in the whole 
stock. The technical side of this matter ought 
to be studied thoroughly, and much sound 
information will be found under the section 
devoted to Building. Ordinarily, the stock 
will comprise Portland cement, chiefly used for 
external work, Parian cement for inside walls, 
and Keene’s cement for mouldings, cornioes, 
arrises, and other positions where a hard, smooth 
surface is essential. The mention of walls 
reminds us that metal lathing is now largely 
used, and patent partitions in great variety 
are not infrcciuently used, in place of stud work 
and lath and plaster. Hero, again, the up-to- 
date builders’ merchant often finds his oppor- 
tunities. The fact is, there is no limit to the 
possibilities of the business, and what is true of 
many others is true of this — namely, that the 
best plums are at the top of the tree. The 
stock that carries the best profits is that 
required for the host quality of work. 

Hiring Out Appliances. When the 
business has been fairly established, there may 
occur opportunities for hiring out apparatus 
and plant, and £100 invested in this direction 
ought to show a good profit. In most districts 
there is a demand from builders and others for 
such plant as drain-cleansing tools, and testing 
machines, hoisting -crabs or winches, contractors 
pumps, pulley -blocks and lifting tackle, bottle- 
jacks, and oven for such large machines as 
cranes, mortar-mills, and rotating screens. A 
reputation for holding all these in good repair 
ready for immediate use will ensure inquiries, 
and as most of the articles enumerated are 
strongly made, the risks of loss from damage 
are not groat. 

Finally, the office of a builders’ merchant 
cannot no considered properly equipped unless 
it contains a library of catalogues and technloal 
literature. In no trade are more yearly 
price books published. These ought to find a 
place on the shelves as should also the cata^ , 
logues of ironfounders, quarry and pottery 
owners, manufacturers of terra-cotta, l^ides 
those of manufacturing brassfounders^ look 
makers, woodworkers, etc. Practically, it is 
not possible to stock all that a district will 
require, and therefore it is important to have 
close at hand particulars of specialities ocoasioh* 
ally called for by customers. 

Continvsd 
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LATIN By Gerald K. HIbbert. M.A. 


^ Section I. GRAMMAR 
Irregular Verbs : Third Conjugation 

The following are the most important : 


A. Consonant Verbs 


OuUural Stems, -si. 

-turn (dve, 

, -aum) 

dico 

dixi 

dictum 

aay 

duco 

duxi 

ductum 

lead 

cingo 

cinxi 

cinctum 

aurround 

coquo 

coxi 

coctum 

cook 

fingo 

finxi 

fictum 

fashion 

pingo 

pinxi 

pictum 

paint 

jungo 

Junxi 

junctum 

join 

tego 

-stinguo 

texi 

tectum 

cover 

stinxi 

stinctum 

quench 

tinguo 

tinxi 

tinctum 

dye 

unguo 

unxi 

unctum 

anoint 

traho 

traxi 

tractum 

draw 

veho 

vexi 

vectum 

carry 

vivo 

vixi 

victim! 

live 

Btruo 

struxi 

structum 

pile 

-lacio 

Icxi 

lectum 

entice 

-specio 

spexi 

spoctum 

espy 

duo 

duxi 

duxuni 

flow 

figo 

fixi 

dxum 

fix 

mergo 

mersi 

mersum 

droum 

spargo 

sparsi 

sparaum 

sprinkle 

tergo 

tersi tersum 

Dental Stems, -si, -sum. 

wipe 

claudo 

clausi 

clausum 

shut 

Similarly, divide, leodo, ludo, plaudo, rado, 
rodo, trade, and vado. Also : 

oedo 

cessi 

cessum 

yield 

mitto 

misi 

missum 

send 

quatio 

(quassi) 

quassum 

shake 

necto 

dexi 

dexum 

bend 

neoto 

nexi nexum 

Labial Stems, -ai, -tarn. 

bind 

oarpo 

carpsi 

carptum 

pluck 


Also repo, scalpo, scrpo, nubo (nupsi), and 
spribo (scripsi). 

Liquid Sterna^ 4um (one, -aum). 
como compsi comptum adorn 

Also demo, promo, sumo, temno, premo (pressi, 
ptessum), gero (gessi, gestum), uro (ussi, 
ustuxn). 

Stem varuma, -ui, -turn (one, -aum), 
pumbo cubui cubitum liedotvn 

^lido elicui elicitum entice forth 

} .' Also strejpo, fremo, gemo, tremo, and vomo. 

rapui raptum seize 

Vslo ^ . alui altum nouriah 

; ' Aho oolo (oolui, oultum), consulo, ooculo, pono 
positum), gigno (genui, genitum), texo 


(texui, textum), sero = I join (serai, sertum), 
and meto (messui, messum). 


Present Stem Anomalouay -vi, 4um, 


lino 

levi 

litum 

smear 

sino 

sivi 

situm 

allow 

cerao 

crevi 

cretum 

sift, discern 

cresco 

crevi 

cretun\ 

increase 




(intrans.) 

spemo 

sprevi 

spretum 

despise 

stomo 

stravi 

stratum 

strew 

sero 

sevi 

satum 

sow 

nosco 

novi 

notum 

know 

pasco 

pavi 

pastum 

feed 

suesco 

suevi 

suetum 

he accus- 




tomed 

quicsco 

quievi 

— 

rest 

cupio 

cupivi 

cupitum 

desire 

peto 

petivi 

petitum 

ask 

qusoro 

quficsivi 

qusesitum 

seek 

tero 

trivi 

tritum 

rub 

arccsso 

arccssivi 

arcessitum send for 

laccsso 

lacessivi 

lacessitura provoke 


-i, -aum (one, -turn). 


pando 

pandi 

pansum 

spread 



(passum) 


Also scando, prehendo, -cando, ■ 

■fendo, verto 

(verti. 

vorsum), bibo 

(bibi, bibitum), vello 

(velli or vulsi, vulsum). 



dndo 

ddi 

dssum 

cleave 

scindo 

scidi 

scissum 

tear 


Roman Money 

Most of the Roman weights and measures 
were divided by fractions which were originally 
parts of the As or pound weight, containing 
twelve ounces. The Aa was thus divided : 


Unci®, 

i.e.. Fractions 

Ounces. of As. 

12 As, o found 1 


11 Deimx (de -uncia), an ounce off , , H 
10 Dextans (desextans), a aixth off . . J 
9 Dodrans (dequadrans), a fourth off | 

8 Bes, or Bessis (dui-assis) . . . . } 

7 Septunx (septem uncise), aeven 

ouncea . . . . . . • • k 

6 Semissis, or Semis (semi*assis) . . } 

6 Quincunx (qiiinque uncisB) . . -fs 

4 Triens, a third i 

3 Quadrans, a fourth . . . . | 

2 Sextans, a aixth i 

1 Uncia, an ounce 

Other fractions used were Seacuncia (IJ 
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ounces), Semuncia (\ ounce), Sicilicxis (| ounce), 
Sextula (J ounce), Scripulum ounce). 

Interest on Money. After b.c. 80 
legal interest was fixed at the rate of of the 
Capital per month, called Centesima (sc. pars) — 

i.e., 12 per cent, per annum. Lower rates than 
this were denoted by the fractional parts of the 
As (the Centesima being taken as the As). 
Thus, reckoning the percentage as per annum : 

12 per cent. — mnrev centesima*, or asses iisura*. 

11 percent. - usurai deuyices 
8 per cent. — usurw besses 
5 per cent. = usurcv- (niincunces 
1 per cent. -- nsurm unrim 

Higher rates than 12 per cent, wove denoted 
by distributives : 

24 per cent. ~ binm centesirnm 

60 per cent. — qninm centesirnm 

Expression of Fractions. 1. All 

fractions with 1 for numerator are denoted by 
ordinals, with or without iHirs : J — lerlia, or 
tertia pars ; } qnnrta. 

2. All fractions with a numerator less by 
one than the d(‘nominator are denoted by 
cardinals with partes simply: | — dinv partes; 
J - qninqne partes. 

3. All fractions with 12, or its multiples, for 
a denominator, arc denoted by the parts of an 
As, which is taken as the whole : 

I feres e.r asse “ heir to the whole estate. 

Heres er trienic -- heir to a third 

Heres ex semisse heir to a half. 

4. All other fractions are denoted by the car- 
dinal for a numerator, and the ordinal for the 
denominator : i - quattunr septimm. 

Expression of Sums of Money. 

Although the denarius ( -- 10 asses) was the 
silver coin in most frequent currency, the 
ordinary unit of r(*ckoning was the sestertius, or 
nummus ( - { denarius, or 21 asses). The 
Roman sign for 2.J was IIS — i.e., TI. i- S(emis). 
This is now written HS, and is the usual abbre- 
viation for a sestertius. Thus, 7,000 sesterces — 
septem milUa sestertiinn (shortened from sester- 
tiorum). 

This shortened form scstertium was taken for 
a neuter singular noun, meaning 1,000 sesterces, 
and HO wo get such forms as 

Sestertia decern — 10,000 sesterces. 

For sums of a million sesterces and upwards, 
adverbial numerals are used — e.g.. 1,000,000 

sesterces decies cerdenn niiUia sestertiinn (or, 
more usually, just decies sestertium). 

2,3(X>,000 sesterces -- ter et rides sestertium. 

To distinguish the meanings, strokes were 
usually added to the numerals — e.g., HSX - 
decern millia sestertium (10,000); HSjXj 
decies sestertium. (1,(X)0,000). 

Section II. SYNTAX. 

Sequence of Tenses. 1. If the verb in the 
principal clause is in a primary tense (f.c., present, 
future, or true perfect), the verb in the subordi- 
nate olattso will be (a) in the present subjunctive 
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if present time be denoted ; (6) in the perfect 
subjunctive if past time bo denoted — e.g. x 
Rogavi ut ilti ignoscafur = I have asked that 
he may be pardoned. 

Cognoscam cur venerit = I will ascertain why 
he came. 

2. But if the verb in the principal clause is 
in a historic tense (i.e., imperfect, simple past, 
or pluperfect), the verb in the subordinate clause 
will be (a) in the imperfect subj. if present time 
bo denoted ; (h) in the pluperfect subj. if past 
time be denoted— r.j/., 

’ Rogavi utrum adesset — I asked whether he 
were present. * 

Non dubium erat quin fugisset — there was no 
doubt that he had fled. 

Infinitive Mood. The infinitive is an 
indeclinable verbal noun. It is used as object, 
as predicate and as subject, so far as a substan- 
tive. in the acc. or nom. case would be so used. 
It is not properly used as a genitive, dative, or 
ablative, or as an acc. after a preposition. The 
gerund (also a verbal noun) is used instead. 

1. As subject : Duke et decortim est pro peUria 
mori - dying for country is .sw'eet and comely. 

2. As object: Vincere scisx victoria uii nescis 
- you know how to coiKiuer, but not how to use 
your victory. 

3. As pr(‘dieatc to a subject in the nom. case ; 
to express the occurrence of actions without 
marking the order of time. Often used in 
narration for a finite verb, hence called historic 
infinitive — e.g., 

Clamare omnes -- all cried out. 

Rex primo nihil met u ere, nihil siispicari = the 
king at first feared nothing, suspected nothing. 

Gerunds and Supines. 1. These are 
the cases of the infinitive. As mentioned above, 
the gerund is used to express the gen., dat., abl., 
or acc. after a preposition, of the verbal noun — 
e.g.. Breve tempus satis kmgum est ad bene 
honesteqne vivendum = for living well and 
honourably, a short time is long enough. 
Fugiendo vincimus = we conquer by fleeing. 
Videndi et audiendi delectatio = the delight of 
seeing and hearing. 

2. The supine in -urn is an acc. after verbs of 
motion. It often has a direct, more rarely an 
indirect, object —e.f/., iho lusum - I will go to 
play. 

Deos atque amicos it salutatum ad forum = he 
goes to hail the gods and his friends at the forum. 

Non. ego Graiis servitum matrihus iho = I will 
not go to servo Grecian matrons. 

Note. This siipin-, with iri (pass, iufin. of 
eo), forms the fut. infin. pass. — e.g., rectum iri. 

3. The supine in -w is used in the abl. to 
qualify adjectives in a way which may be classed 
under the head of “ part cunoemed ** (abl. of 
respect) — e.g., 

Formce terrihilcs visu = forms terrible to see. 
Mirabile diciu = wonderful to say. 

The Gerundive. 1. The gerundive is 
confined to transitive verbs. It is usually sub- 
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stituted for the gerund when the germid has an 
object expressed ; the object is then attracted 
into the case of the gerundive, which is made to 
agree with it in number and gender. This is 
very important — e.g.^ Ccesar comitiali morho bis 
inter res ^endas correptus est = Caesar was twice 
seized with epilepsy in the midst of transacting 
business. 

Often used (like the supine in -urn, or the 
fut. ptc.) to express purpose, instead of vt with 
the subj. : 

Missus est a senatu ad animus regum per- 
spiciendos (translate “ for the purpose of 
discovering ”). 

Hi septemviri juerunt agris dividendis (“ for 
dividing lands”). 

Note. The gerundive is used from utor^ 
frmr, fungor^ potior, all these verbs being 
originally transitive. 

2. The impersonal gerundive implies neces- 
sity, principally in intransitive verbs. This is 
the usual construction for expressing “ must,” 
and the agent is usually put in the dat., not 
in the abl. with a or a6 : 

Bibendum est mihi = I must drink (literally, 
it is to be drunk by me). 

Suo cuique judicio utendum est — each must 
use hi^ own judgment. 

3. The gerundive is often used as a mere 
attribute or adjective, meaning obligation, 
destiny, desert, or possibility. 

Deus et diligendus est nobis et timendus - God 
is both to be loved and feared by us. 

Eis otium divitiaque, optanda alias, oneri 
miseriveque ftiere ” to them leisure and riches, 
things desirable in other circumstances, were 
(for) a burden and a misery. 

To BE TUHNED INTO LaTIN PrOSK. 

HOW TO PROCURE CONTENTEDNESS. 

By Jeremy Taylor. 

If then thou fallest from thy employment in 
public, take sanctuary in an honest retirement, 
being indifferent to thy gain abroad or thy 
safety at home. If thou art out of favour with 
thy prince, secure the favour of the King of 
kings, and then there is no harm come to thee. 
And when Zeno Citiensis lost all his goods in a 
storm, he retired to the studies cf philosophy, 
to his short cloak and a severe life, and gave 
thanks to fortune for his prosperous mischance. 
When the north wind blows hard and it rains 
sadly, none but fools sit down in it and cry : 
wise people defend themselves against it with 
a warm garment or a good fire and a dry roof. 
When a storm of a sad mischance beats upon 
our spirits, turn it into some advantage by 
observing where it can serve another end, either 
of religion or prudence, or more safety or less 
envy : it will turn into something that is good, 
if we list to make it so. 


Latin Version op the Foreooino. 

Honorc amisao in honestum otium quasi 
in templum defugito, novo pluris lucrum foris 
quam domi seouritatem facito. Et studio 
regio verso, modo tibi faveat Deus, nihil tibi 
damno fuerit. Zeno enim Citiensis re inter 
procellam amissa ad sapientise studium togam- 
que brevem et duriorern victum ubi rcccsserat, 
fortuna) gratias cgit quod sibi ita opportune 
nocuisset. Et aquilone acri, tristi imbre, 
soli stiilti sedentes flcnl, .sapientis est se toga, 
igne, tecto defendere. Et ubi malse fortunie 
tempos tas in nos incident, decet hoc ipsum in 
lucrum vertere, spectato an ad aliud quid 
prosit, sive ad fortiores sivo ad sapientiores 
reddendos, .sive ad sccuritatem dandam, sive 
ad invidiam arcendam. Omnia enim in melius 
verti potuerint, modo ipsi hoc velimus. 

Section III. Tr.\nslation. 

Horace warns Lyce that he cannot put up with her 
unkind ness for ever. 

Extremum Tanain si bibcrc's, Lyce, 

Sawo nupta viro, me tamen as])eras 
Porrectum ante fores objicere iiicolis 
Ploraros Aquilonibus. 

Audis quo strepitu janua, quo nemus 
Inter ])ulchra satum tecta remugiat 
VentLs, et positas ut glacict nives 
Puro numine Jupiter ? 

Ingratnm Venori pone superbiam, 

Ne currente retro funis eat rota. 

Non te Penelopen difticilem precis 
Tyrrhenus genuit parens. 

O, quamvis neque te munera nec precea 
Nec tinctus viola pallor amantium 
Nec vir Pieria pellice saucius 
Curvat, supplicibus tuis 
Parcas, ncc rigida mollior a?sculo 
Nec Mauris animuni mitior anguibus. 

Non hoc semper erit li minis aut aquae 
Caelestis pati('ns latus. 

English Version op Above. 

Even though you drank of the far-distant 
Tanais, Lyce, wedded to a savage husband, 
still you would grieve to expose me, stretched 
before your cruel doors, to the north winds of 
the land. Do you hear how loudly the door, 
how loudly the grove planted within your fair 
abode groans beneath the blast, and how' Jove, 
with his clear influence, freezes the fallen snows ? 
Lay aside the pride displeasing to Venus, lest rope 
and wheel run back together. ’Twas not to be 
a Penelope unyielding to suitors that your 
Tuscan father begot you. O, although neither 
gifts nor prayers nor lovers’ paleness with its 
violet hue, nor husband smitten with love 
for a Pierian mistress, can bend you, yet spare 
your suppliants, though not more pliant than 
the unbending oak nor gentler in heart than 
Moorish serpents. Not for ever will this body 
of mine endure your threshold or the rain of 
Heaven. 


Continued 
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ENGLISH . By Gerald K. HIbbert, M.A. 


PREPOSITIONS 

A preposition is a word which shows how 
things, or their actions or attributes, are 
related to other things— “ The man 
in the moon " (in showing the relation of 
the thing man to the thing wwkjii) ; “ Coming 
thrmgh the rye ” (through showing the rela- 
tion of the action coming to the thing rye ) ; 
“ London is full of people ” (of showing the 
relation of the attribute full to the thing people). 
^ The noun or pronoun following a preposition 
(and no other part of speech can follow a pre- 
position) is in the objective case, “ governed by ” 
the preposition. 

Prepositions were originally prefixed adverbi- 
ally to verbs ; they were, in fact, adverbs of 
place. Thus, “ He took the ring off his finger,” 
used to bo “ heo^-took the ring his finger,” ring 
being direct object, and finger indirect. 
Gradually they were detached from the verb, 
and became prefixed to the noun or pronoun 
constituting the indirect object, losing in the 
process the force of adverbs and becoming pre- 
positions. We have still some of these com- 
pound verbs remaining, as overreach^ undertake^ 
uphring, mthatand (stand against), withdraw 
(draw from), gainsay (say against). 

Classification of Prepositions. Pre- 
positions may be classified as Simple and 
Compound, The simple prepositions are of, hy^ 
foTf from^ in, of, or off, on, through, till, to, up, 
with. 

The most important compound prepositions 
are : 

aboard beneath 

about bo8ide(-s) 

above between 

across betwixt 

against beyond 

along but (by-out) 

amid(-st) down, adown 

among(-8t) except 

aneht ( — concerning) inside 

(a)round outside 

aslant since 

astride tGward(8) 

athwart underneath 

before after '| formed by the 

behind over j- comparative 

below under; suffix -er. 

Nearly all in this list are compounded of a 
preposition and an adverb, or a preposition and 
A substantive. The initial a in these compounds 
represents on, and be represents by. Thus, beside 
= by side, ^aboard = on board. In into, unto, 
iiniilf upon, within, without, throughout, we 

have an adverbial particle prefixed to a simple 
preposition. 

Notes. 1; Beside is used of place, to denote 
either nearness to, or remoteness from : tlius, 
Blessed are ye that sow beside all waters ” 
(inei^iiing by the Me of) ; “ Whether we be 


beside ourselves, it is to God ” (meaning out of 
ourselves, out of our minds). When, however, 
the sense of over and above is intended, besides is 
generally used, as “ Besides Latin, he is also 
learning Greek.” 

2. But is a preposition when it means except. 
It should then be followed by the objective case, 
as “ No-one was saved but we.” Consequently, in 

” The boy stood on the burning deck 
Whence all but he had fled,” 

there is a grammatical error. 

3. Adown is literally “ off the hill,'' dune or 
dun meaning hill. 

4. Two prepositions, now obsolete, are found 
in Shakespeare, Milton, and other early writers — 
sans and maugre. Sans is the French preposition, 
meaning without — e.g., a confidence sans 
bound ” (Tempest). Manure is the French 
malgrl, in spite of — e.g., “ Maugre the Roman ” 
(Paradise Regained). 

Certain participles, such as considering, con* 
cerning, respecting, pending, during, notwith- 
standing, saving, save, are often used as preposi- 
tions, though they are not really such. ^ G^us, 
in “ Notwithstanding y out omeMy, I forgive you,” 
the true construction is, “ Your cruelty not- 
withstanding, I forgive you,” the first three words 
being in the nominative absolute, and notwith- 
standing filling its proper part as a participle. 
Similarly, in ^^Considering all things” (‘‘all 
things considered ”), “ Pending his arrival, I felt 
much excited” (“his arrival pending”), and 
80 on. 

Many propositions are also adverbs, but it 
is easy to distinguish the two uses. If the 
word in question governs a noun or some 
substitute for a noun, it is a preposition ; 
if not, it is piofcably an adverb. We say 
“ probably,” because it might be a conjunc- 
tion, or even occasionally some other part of 
speech. 

Examples : “ He walked along the river ” 
(preposition). “ He walked along very fast ” 
(adverb). “ Since his death, I have lived here ** 
(preposition) ; “ He died long since ” (adverb) ; 

“ Since he is dead, we must not spei^ evil 6f 
him ” (conjunction). 

In “ But mo no buts,” but is used first as A 
verb, secondly as a noun. \ 

When to is used as an adverb, it is usually 
spelt too (“ Thou wast a spirit too delicate To act 
her earthy and abhorr’d commands ”). 

Place of the Prepoeition. A prepositioii 
should, if possible, immediately precede the 
word which it governs. Even in reUtlve- 
and interrogative sentences this order idiould be 
observed. It is better and more dignified id say 
“ Of whom are you speaking ? ” than “ Whoin 
are you speaking of ? ” When, however, ie a 
relative sentence, the relative pronoun is omitted* 
the preposition is usually placed at the etid of 
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the sentence — as ; “ He is not a man I am fond 
of *’ (♦.«., “ of whom I am fond ”). 

CONJUNCTIONS 

Conjunctions are words which join sentences 
together — as: “ I will wait till yon come.'* Here 
till joins together the two sentences “ I will 
wait ” and “ you come.” Not every word, 
however, that connects two sentences, is a 
conjunction, for we have seen that relative 
pronouns {who, which, etc.) and relative adverbs 
(when, where, etc.) often connect one sentence 
with another. With these two exceptions, all 
words which join sentences together are con- 
junctions. 

The conjunction and is peculiar, because, in 
addition to joining two sentences, it can also 
join two words, provided they are both of the 
same kind and standin the same relation to some 
other word in the sentence — e,g., “ two and two 
are four,” “ egg and milk is a good mixture.” 
But in a sentence like ” My parents and my 
cousins are here,” and joins two serUencea (“ My 
parents are here ” and “ My cousins are here ”), 
not two worda. And is the only conjunction 
that can join words, though it is sometimes said 
that hnt, or, and nor join words. We shall find, 
how^ever, that in every case these conjunctions 
really join sentences — e.g., “ Neither this nor 
that id right ” stands for ” This is not right, that 
is not right.” {Such sentences are contracted 
Compound Sentences. 

ClasAification of Conjunctions. Con- 
junctions are divided into Co-ordinative and- 
Suhordiruitive, 

Co-ORDiNATiVE CONJUNCTIONS join co-ordi- 
nate sentences, that is, sentences of the same 
rank (Latin ordo ~ rank), neither of which is 
dependent on the other. The co-ordinative 
conjunctions are and, both, hvJt, either, or, neither, 
nor (and, according to some grammarians, 
because, for, as, and whether). 

Either is the distributive pronoun, and 
whether the relative pronoun, used os con- 
junctions [See Pronouns] — e.g., ” Either of the 
two suits me ” (pronoun) ; “ Either you or I 
shall perish ” (conjunction). 

Or is a shortened form of either. Neither and 
nor are for ne-either and ne-or. 

BtU was originally a preposition, meaning 
icithovi, except. In phrases like “ I cannot but 
think,” “There is no-one but knows,” it is a 
conjunction ; also in all cases where it joins two 
sentences, as “ Strike, but hear me,” “ He loved 
not tetherland, but himself.” 

l^unoRPiNATivE Conjunctions join subordi- 
nate clauses to a main clause, that is, they unite 
sentences one of which is dependent on the other 
- “ He’ll be hanged yet, though every drop 

' of water swear against it.” Here, the second 
blauee depends on the hrst, or is subordinate to 
it;,, the conjunction uniting them is 

bl^bordinative. Such a sentence as the above 
V a complex sentence, as opposed to a 

y consists of two or 


more co-ordinate olau.^os united by a co- 
ordinative conjunction. In a complex sentence, 
one clause is called the principal clause, and all 
the other clauses are called subordinate. These 
subordinate clauses play the part of adverbs, 
adjectives, or substantives, and are called 
accordingly. Adverbial, Adjectival, or Stdjstan- 
tival Clauses [see next lesson]. 

The most important subordinativo conjunc- 
tions are : 

1 . That, introducing substantival clauses — e.g., 
“ He said that he was cold.” 

2. If, unless, except, etc. (conditional). 

3. Though, although, albeit (concessive). 

4. That, meaning “ so that ” (consecutive)—* 
as: “ It was so cold that the water froze.” 

5. That, meaning “ in order that,” lest (final) 
— as: “ He wrent out that he might get warm.” 

6. After, before, till, until, ere, since, now, 
while, as (temporal). 

7. Because, since, for, as (causal). 

8. Than (comparative). 

Notes. The conjunction that is really the 
demonstrative pronoun. “ He said that he 
was cold ” was originally “ He was cold : he 
said that,'* two co-ordinate sentences. Now 
one has become subordinate to the other. 

Because = “ by the cause that,” and albeit 
is shortened from “ all be it.” 

Than is now regarded as a conjunction, 
though it is strictly a relative adverb, meaning 
when, at which time. Therefore “ The sun is 
larger than the moon ” means “ When the moon 
is large, the sun is larger.” Both than and then 
are derived from that. Tlie noun or pronoun 
following than may be in the nominative case 
or in the objective, according to the predicate 
to be supplied, thus : “ He hates me more than 
you ” may mean “ He hates me more than he 
hates you ” {you being objective), or “ He hates 
mo more than you hate me ” (you being nomina- 
tive). Such a sentence as “ No one knows 
better than me what I have lost ” is. of course, 
incorrect : it should be “ than I [know].” 

As was pointed out in dealing with relative 
pronouns, a relative pronoun following than 
is always put in the objective case, even when it 
is strictly nominative — as : “ Csosar is dead, 
than whom no greater Roman ever lived.” 
Whom ought to bo in the nominative, as the 
sentence stands for “ Ca?8ar is dead, and no 
greater Roman ever lived than he." 

It will be noticed that many of the sub- 
ordinative conjunctions take a verb in the sub- 
junctive mood, but as was pointed out in 
dealing with the subjunctive, the conjunction 
is no part of the mood. 

INTERJECTIONS 

These are words interjected or “ thrown in ” 
to express some emotion. They do not stand in 
any grammatical relation to other words, and are 
independent of the construction of the sentence. 

Examples : Hurrah / Alas / Oh / Ah / Pshaw / 
Marry / (i.e., by St. Mary), Od'sbodikins (God’s 
body), Zounds / (God’s wounds). 
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PUNCTUATION 

Punctuation is the right method of inserting 
stops (Latin puncta, points). Stops are written 
marks to represent oral pauses. If we speak to 
anyone for a few minutes, and notice carefully 
the manner of our speech, we shall find that we 
make pauses of greater or less duration, mainly 
— though not entirely — for the sake of clear- 
ness. If our remarks were then written down, 
these different pauses would bo represented by 
different stops. 

Marks of Punctuation. 1. Where w'e 
completed a sentence, a period, or full stop, w^ould 
• bo used (.). 

2. Where w^e made a decided pause, but not 
so decided as in the first case, a colon (:) or setni- 
colon (,*) would be used. 

3. Where only a slight pause was made, a 
comma (,) w^ould be used. 

These words arc not strictly names of stops, 
but of the portions of sentences w'hioh they mark 
off. Thus, period means “ a circuit,” a complete 
sentence ; colon moans “ a limb,” a member of 
a sentenco ; and comim means “ a section ” of a 
sentence — something cut off, a clause. In 
Shakespeare comma has this meaning of a short 
part of a sentence. A semi-colon is a half colon. 
The meaning of a sentence ought to be plain 
without the aid of any stops w'hatevcr. Stops 
are comparatively a modern invention ; they do 
not appear on ancient manuscripts, and at one 
time they w'ere not allow ed in our Acts of Parlia- 
ment. At the present day , too, in legal documents 
stops are usually conspicuous by their absence. 

Very often the entire meaning of a S(‘ntence 
can be altered by a slight alteration of ijunctua- 
tion — a fact of which full advantage is taken in 
many riddk^s that arc propounded, and in many 
traps that arc set for the unwary. Thus, in the 
well-known statement, “ King Charles walked 
and talked half an hour after his head was cut 
off,” nonsense becomes sense by the insertion 
of a colon after “ talked.” ^Again : 

“ Every lady in this land 
Has ton fingers on each hand 
Five and twenty on hands and feet 
This is true without deceit.” 

Further instances w'ill occur to everybody. 
Who, for example, has not heard of the advertise- 
ment, “A piano for sale by a lady about to cross 
the Channel in an oak case with carved legs ” ? 

Uses of the Stops. The full-stop is used 
to mark the completion of a whole sentence, 
whether simple or complex. It is also used after 
abbreviations— as i,e., R.S.V.P., Rev., D.D. 

The colon originally marked off the parts of a 
compound sentence. It is now used after a 
^ntence which, though grammatically complete, 
is followed by another sentenco closely connected 
in sense. In such cases a full-stop would mark 
too great a break. For example, in Sir Walter 
Scott’s “Autobiography”; “ My father had a zeal 
for his clients which was almost ludicrous : far 
from coldly discharging the duties of his employ- 
ment towards them, he thought of them, etc.” 


Again : 

“ Cowards die many times before their deaths : 

The valiant never taste of death but once,” 

A colon is also used to introduce a quotation. 
For example : A forgotten satirist well says : 

“ The active principle within 
Works on some brains the effect of gin.” 

(Lockhart’s “Life of Scott.”) 

The semi-colon is a modern form of the colon. 
It is impossible to lay down rules for their 
respective use, but, roughly speaking, the semi- 
colon marks a less complete pause than the 
colon. The semi-colon is usually placed between 
the co-ordinate members of a compound sentenco 
when the connection is marked by a conjunction — 
as ; “ Thou dost here usurp the name thou owest 
(owncst) not ; and hast pjit thyself upon this 
island as a spy ” ( “ Tempest ” ). If the sentences 
are short, and closely connected in meaning, 
commas are used instead of semi-colons — as ; 

” We carved not a line, and we raised not a stone, 
But we left him alone in his glory.” 
Sometimes not even a comma is needed — as ; 

“ Ho was born and died in London.” 

The comma is not used to-day as frequently 
as in former days. A sentence should not bo 
overloaded with commas ; they should bo used 
only where it is absolutely nec(‘ssary for the 
sake of clearness. Common-sense must bo the 
guiding element in their usage. But a few points 
may be mentioned : 

1. A comma should be used to mark the end 
of a substantive clause forming the subject of a 
verb — as ; “ That the days are longer in summer 
than in winter, admits of no dispute.” But if 
the clause either follows the verb, or is the object 
of the verb, no comma is used — as : “ He said 
that ho was cold.” 

2. In a list of words of the same nature — nouns, 
adjectives, adverbs, etc. — brought together in the 
same connection, a comma is inserted after each 
word except the second last when it is followed 
by “ and ” — as : “ With on humble, lowly, 
penitent and obedient heart” (Prayer Book). 

3. The comma is used after an adverbial 
clause that comes before the verb which it 
modifies — as : ‘ ‘ When he comes, tell me. ’ ’ But if 
the adverbial clause follows the verb, the comma 
is not needed— as ; “Tell mo when he comes.” 

4. There is no need of a comma between the 
antecedent and the relative pronoun if the rela- 
tive introduces a limiting, or restricting, clause ; 
but if the relative is continuative or ampliative 
[see page 607] a comma must be introduced. 
I’he two examples quoted on page 607 well 
illustrate this : 

Restrictive. “ He broke the pen whioh I lent 
him.” 

Continuative. “ His eldest son, whom he had 
lost many years before, had always been his 
favoiirite.” 

5. A comma is used to separate a noun in the 
Vocative (or Nominative of Address) from the rest 
of the sentence— as ; “Thou spirit, who led’st this 
glorious eremite into the desert.” (Milton.) 
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FRENCH 


By Louis A. Barbe, B.A. 


POSITION OF ADJECTIVES 

1. It very largely depends upon euphony 
whether an adjective is to be placed before or 
after the noun which it qualifies. In accordance 
with it, the following general principle may be 
laid down : monosyllabic nouns are sehloni 
preceded by adjectives of several syllables. 

2. Use has established the following rules : 

(а) Tlie acTjoctives heoii^ beautiful ; 60a, 

good ; cher, dear (loved) ; gentile pretty, nice ; 
grandy large ; grosy big ; yewnc, young ; jolty 
pretty ; loru/y long ; mauvaisy bad ; meilleury 
bettor ; petit y small ; pirCy w'orse ; soty stupid ; 
vaatey vast ; vieuxy old ; vilairiy ugly, usually 
precede the adjective. 

(б) The ordinal numbers : premier y first ; 
deuxieme and semndy second ; troisihney third, 
etc., and also dernier y last, are placed before the 
noun ; le premier hornmey the first man ; le 
vingtieme sikUy the twentieth century. In 
connection with aemainty week ; iwow, month ; 
annety year ; sikley century, the adjective 
dernier changes its meaning according as it 
comes before or after the noun, thus : la 
semaine dernierey last week ; Vannee derniercy 
last year — t.e., immediately preceding the present 
w^eek, etc. When it is placed before the noun 
it indicates the last of a particular series, thus : 
la dernike semaine dn moisy the last w’cek of the 
month ; le dernier jour de VanneCy the last day 
of the year. 

(c) Adjectives of colour, as rougey red ; of 
shape, as rondy round ; of taste, as amery bitter ; 
of temperature, as tikhy tepid ; of nationality, 
as franQni.% French ; and of religion, as jmoteS’ 
tardy are placed after the noun, as : one. fleur 
hlanchey a white flower ; line, table cairky a 
square table ; une pomme doucfy a sweet apple ; 
de Veau froidcy some cold water ; vn soldat 
anglaiSy an English soldier ; nn jHideur protes- 
tarUy a protestant clergyman. 

(d) Present participles (which then become 
verbal adjectives) and pjist participles follow 
nouns wb ‘n they arc used to qualify them ; 
line main tremblanley a trembling hand ; un 
homme instruity an educated man. 

(e) Adjectives which end in al. eU tc, iqucy 
ahle.y airey oire, and ihky and which are con- 
sequently polysyllabic, usually follow the noun : 
un voyage sentimentaly a sentimental journey ; 
un honme spiritnely a witty man ; un jmre 
publicy a public park ; une. re.])onse categorique ; 
a categorical reply ; une. jemme remarquahUy 
a remarkable woman ; une depense nkessairpy 
necessary expense ; un ordre pkemptoirPy a 
peremptory order ; un remMe infaillibhy an 
infallible remedy. 

(/) A change from the literal to a figurative 
moaning is usually indicated by a change of 
position : un habit noir, a black coat ; but 
une noire ingratitudey black ingratitude. 

(9) In accordance with this, some adjectives 
in connection with certain nouns have very 


different meanings, according as they come 
before or after the noun, liiis is particularly 
the case in connection with homme : 

Un bon homme, a simple, good-natured, man ; 
un homme bon, a kind-hearted, charitable man ; 
un brave hornmey a worthy man ; un homme 
bravfy a courageous man ; un pauvre hommCy 
a man of mean capacity ; un homme pauvrCy 
a man in poor circiimstaniros ; un galanl homme, 
a chivalrous man ; un homme galanty a man 
attentive to ladies ; un honnete homme, an 
honourable man ; un homme honnHe, a polite 
man ; un cruel homme, a disagreeable man ; 
un homme crueh a cruel, inhuman man. 

Exercise VIII. 

1. The young man’s sister has pretty little 
children. 

2. The old houses have large gardens. 

n. The month of December {decembre) is 
the last month of the year. 

4. He bought (has bought, achete) an ugly, big 
dog last week. 

5. They live (demeurent) in a large white house 
near the ruined (ruine) castle (chateau). 

6. There arc two round tables in the little 
square room. 

7. Have you any red ink ? 

8. No ; but T have some black ink and some 
blue ink. 

0. Tlie French language is a romance (romane) 
language. 

10. Spain (VEsfHigne.) is a (’atholie country ; 
England and Scotland (VEcmse) arc Proteatant 
countries. 

11. The child took (prit) the money (argent) 
with (de) a trembling hand. 

12. The old church is near the public park. 

1.3. The French clergyman is a very intelli- 
gent and very learned man. 

14. There are no infallible remedies. 

15. A w'orthy man is not always (toujours) 
a courageous man. 

Hi. A rich man may (peut) be a man of mean 
capacity. 

17. A broad (large) and deep (profond) ditch 
(fosse, m.) protects (defetid) the approach (ap* 
proche) of the old castle. 

18. Paris is a large and handsome city. 

19. They have met with (rencontre) insur- 
mountable (insurmontable) difficulties (difficnUe). 

20. We have spok(‘n to a very amiable young 
man. 

DEGREES OF COMPARISON 

1. There are three degrees of comparison : 
the positive (le positif), the comparative (Ic 
comparatif), and the superlative (le superlatif). 
The positive is the adjective in its simple form— 
bon, petit, mauvais. 

2. The ComparatiTC. There are three 
forms of the comparative : (a) the comparative 
of superiority, (6) the comparative of inferiority, 
and (c) the comparative of equality. 
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(a) The comparative of superiority is formoc^ 
by putting plus, more, before the positive, and 

r tf than, after it : Le chien est plus grande que 
chat, the dog is bigger than the cat. 

(ft) The comparative of inferiority is formed 
by putting moins, less, before the positive 
and que, than, after it ; Le chat est moins grand 
que le chien, the cat is less big than the dog. 

(c) The comparative of equality is formed by 
putting aussi, as, before the positive and que, 
as, after it ; Le chat est aussi grand que le chien, 
the cat is as big as the dog. 

When the comparative of equality is used in 
a negative sentence si may take the place of 
aussi : Le chat nest pas si grand que le chien, 
the cat is not so big as the dog. 

8. The Superlative. 1 here are two kinds 
of superlative — (a) the relative superlative, and 
(ft) the absolute superlative. 

(a) The relative superlative is that which, be- 
sides expressing a quality in the highest or lowest 
degree, indicates a comparison between that 
quality in one object, or class of objects, and the 
same quality in another object, or class of objects. 

The relative superlative may be a superlative 
either of superiority or of inferiority. 

The superlative of superiority is formed by 
putting the definite article le, la, or les before 
the comparative of superiority: V elephant est 
le plus fort des animaux, the elephant is the 
strongest of animals ; elle est la moins jolie des 
trois scpurs, she is the least pretty of th(* three 
sisters. 

When the superlative is preceded by a 
possessive adjective, the article is left out : 
Mon plus beau tableau, my finest picture. 

When the superlative adjective comes im- 
mediately after the noun, two articles are 
required— one before the noun, the other before 
the superlative: Le^ animaux les plus firoces, 
the most ferocious animals ; les homines les 
moins irUelligents, the least intelligent men. 

In this construction when there is a posses- 
sive it takes the place of the first article 
only: Mes eUves les plus avances, my most 
advanced pupils. When tlu^c is a preposi- 
tion before the superlative it affects the 
first article only : The opinion of the most 
intelligent men, Vopinion des hommes les plus 
intellijents. 

The preposition “ in,” which frequently 
follows tne superlative in English, is rendered by 
de in French : The most beautiful flower in the 
garden, la plus belle flour du jardin. 

The English rule with regard to the use of 
the conibarative w'hen only two objects arc 
compartid, and of the superlative when more 
than two are compared, is unknown in French : 
The taller of the two, le plus grand des deux ; 
the tallest of the three, le plus grand des trois. 

“ More than,” ” less than ” before ajiumeral 
do not necessarily imply a comparison, but only 
6X0^ 6r want. In that case they are expressed 
by pfwi de, moins de : He has more than three 
francs, il a plus de trois francs. When there is 
a real oomj^rison, in which case the verb is 
undelttnod after the numeral, than ” is 
rv^deted by que : Two dogs eat more than four 

\m ; 


cats (eat), deux chiens mangent plus que quaJtre 
chats. 

(ft) The absolute superlative is that which 
carries the quality of an object to the highest 
(or lowest) degree, but does not imply a com- 
parison with any other object. It is formed 
by putting some such word as tris, very ; hien, 
very ; fort, greatly ; extrimement, exc^ingly, 
etc., before the adjective. Le plus, most, and 
le moires, least, may also be used absolutely ; 
but, in that case, the definite article le is in- 
variable. 

4. Irregular Compariaona. (a) The 

adjective bon, good, is compared irregularly ; 
bon, good ; meilleur, better ; le meilleur, best. 

(ft) Petit, small, has both a regular and an 
irregular comparison : petit, small ; plus petit, 
smaller ; le plus petit, smallest ; and also petit, 
small or little ; moindre, less ; le moindre, least. 
The regular form is used to express size : le plus 
petit des enfants, the smallest of the children. 
The irregular form is more commonly used with 
reference to importance, value, etc. : le moindre 
soupcan, the least suspicion. 

(c) Mauvais, bad, has both a regular and an 
irregular compar'son : mauvais, bad ; plus 
mauvais, worse ; le plus mauvais, worst ; and 
also, mmwais, bad ; pire, worse ; le pire, worst. 
The regular form indicates the actual badness 
of an object : La Mere est plus mauvaise que le 
vin, the beer is worse (i.e., of wome quality) 
than the wine. Toe irregular form refers more 
particularly to evil effects, unpleasant conse- 
quences, etc. Thus, to express the bad results 
of over-indulgence in boor and wine respectively, 
it might be said : la bihe est pire que le vin, 
beer is worse than wine. 

5. Irregular Adverbs. In English those 
forms of comparison are used both as adjectives 
and adverbs, thus : His writing is better than 
mine, and. He writes better than I. In French, 
the two parts of speech are different, and must 
be carefully distinguished from one another : 

Adjective : Bon, good ; meilleur, better ; 
le meilleur, best ; 

Adverb : Bien, well ; mieux, bettor ; le 
mieux, best. 

Adjective ; Petit, little ; moindre, less ; le 
moindre, least ; 

Adverb : Peu, little ; moins, less ; le moins, 
least. 

Ap.JECTiVE : Mauvais, bad; pire, worse; 
le pire, worst ; 

Adverb : Mai, badly ; pis, worse ; le pis, 
worst. 

Mai has also the regular forms plus mol, le 
plus mat. 

Exercise IX. 

1. The horse is bigger than the ass (dne), ba 
big as the ox (ftosw/), and less big than the 
elephant. 

2. Cats are not so faithful (fldile) as dogs. 

8. The tiger is the most ferocious of animals.. ' 
4. My finest pictures and my best boolm ate. 
not here (^i). 
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6. Here is the best known (connu) of Dumas’ 
novels (roman^ m). 

6. He lives in the smallest house in the 
villa^ {village, m). 

7. The least difficulty discourages (decourage) 
lazy (pareaseux) pupils. 

8* He has spent (passe) more than three 
months in Franco. 

9. Three cats eat less than two dogs. 

10. The wolf has eaten (mange) more than 
three sheep. 

11. Gola is less useful than iron ; gold is the 
most precious (precieux), but iron is the most 
useful of metals. 

12. The highest (eleve) mountain (montagne, /. ) 
in Scotland is (has) more than four thousand 
(quatre mille) feet. 

18. There is one of the most intelligent pupils 
in the class. 

14. The prettier of the two sisters is not the 
more amiable. 

16. The most bitter fruits are often the most 
wholesome (sain). 

16. The remedy is often worse than the evil 
(mal, m.). 

17. Doctors (medecin) are more useful than 
barristers (avocat). 

18. We have (one has = on a) often need of 
one smaller than ourselves (oneself - soi). 

Key to Exercise VI. (page 1187). 

Je regarde par la fenetro. Devant la fenetre 
il y a un grand jardin. Dans le jardin il y a 
des arbres. Parmi los arbres il y a un bel 
aubour, un joli lilas, une aubepino, une youse 
et un sorbier. Il y a aussi de grands lauriers. 
lie sent toujours verts. L’yeuse aussi est 
toujours verte. En automno lo sorbier a des 
bales. Elies sont rouges. En hirer le houx 
a des bales aussi. Les feuilles du houx sont 
luisantes et piquantes. Au prin temps le houx 
et le sorbier n’ont pas de baies. Au dela des 
arbres je vois un pont. Sous le pont il y a une 
petite rividre. L’eau de la riviere est fraiche 
et claire. Au del^i du pont il y a une large rue. 
La rue a deux trottoirs. Au oord des trottoirs 
il y a des r^verb^res. Dans la rue il y a 
plusieurs personnes. Elies marchent sur le trot< 
toir. Une des personnes est un facteur. Il a 
un sac plein de lettres. Il y a aussi une 
voiture et un choval. Il n*y a pas de char- 
rettei. Au bout de la rue il y a une (^glise. 
Bile A un beau clocher. I^e clocher est haut. 
Il a une girouette. L’eglisc n’est pas vieille. 


elle est nou voile. De la fenetre je vais k la 

table. Je prends un petit livre. La couverture 
du livre est bleue. Dans le livre il y a de 
jolies gravures. Une dos gravures ropresente 
une ferme. La ferme est dans une grande cour. 
Elio a une o e u fie et uno o t w bie. Dans i’itahig* 
il jr a des vaches. JjO, vache donno du lait. 
L’ecurie est la maison du choval. L*6curie 
n’est pas un grand batiment. Dans Tecurie 
il y a un jeune choval et un vieille jument. 
Prds de la ferme il y a un pre. Dans le 
pre il y a des brebis. Une petite fille garde les 
brebis. La brebis domic de la laine. La lai^^ 
de la brebis est utile k Thomme. Dorridro^ 
forme il y a un verger. Dans lo verger il y a 
dos pommiers, des poiriers et des eorisiers. I^ 
pommos sont le fruit du pommier. Les pommes 
sont bonnes quand elles sont mures. Les cerises 
sont lo fruit du cerisier. Elle^ sont douccs. Les 
poires sont savourcuses. J’aim^ la campagne. 
En ete jo vais a la campagne. J’ai une petite 
maison sur une collino agreablo. Elle est 
blanche. Les contrevents sont verts. Le toit 
est de chaum ?. Elle est propre et gaie. A la 
campagne Texercice donne un nouvel appetit. 
I-rfi faim est uns bonne cuisiniere. Les mets 
sont fins. Les repas sont des festins. En hiver 
je n’aime pas la campagne. Elle est nue et 
triste. Les arbres n’ont pas de feuilles. Il y a 
de la neige sur la terro. En hiver j’aime la 
ville. 

Key to Exercise VII. (page 1188). 

1. Voilk ^ beaux livros. 

2. Les eniantfl sont polis. 

3. Vous avez de belles oranges. 

4. Les bateaux ont des gouvornails. 

6. Les pdches ot los abricots ont dos noyaux. 

6. Nous avons donne des prix aux el^ves. 

7. Les portes n’ont pas de verrous. 

8. Les joujoux des enfants sont casses. 

9. Les bijoux de la princosse ont cofit6 dos 
prix fous. 

10. Il y a des choux dans le jardin. 

1 1 I>es bergers gardent les troupeaux. 

12. Les chevaiix sont des an'maux utiles. 

13. 11 n’y a pas de chacals en Angletorre. 

14. Les eglises ont de beaux vitraux. 

15. Les generaux ont des aleux nobles. 

16. Nous n’avons pas besoin d’eventails. 

17. Les petites filles ont les youx blous. I 

18. Ils ont donne plusieurs b.al8_^^ 

19. La voute des cieux est parsenaeo detoiles, 

20. Los travaux des hommes sont perissables. 


Continued 


GERMAN By P. G. Konody and Dr. Osten 


XIV. 1. The Past Participle of Weak 
Verbs is generally formed by the prefix 
and the suffix -t or -et. 

The prefix ^e- cannot be added to verbs of 
foreign ori|^in, like the extensive group of verbs 
ending in -Imn, (atbie'vcn, to add up ; ciric'ren, to 
quote; tegieren, to reign, govern; etc.), and to 
Tert>SEiith unstressed first syllables (such as those 
the prefixes Be-, emp-, mt-, cr-, qc- rer-, jer-) 


Examples ; IcB-eti, ^c-lcB-t ; tcrn-cn (to learn), 
ge-Uni-t ; but re^^icren, rc^iev-t ; Bc^ru'Sen, (to greet), 
Be^ruJ-t ; cvlauBcn, (to permit, allow), erlaub-t ; etc. 

2. Ihe Present Participle of all German 
verbs is formed by the suffix -ent): IcB-cnb, 
praising; lern-enB, learning; rcb-ent, |>recl^-fnt, 
speaking; etc. 

Note. The Progressive Form (auxiliary 
verb and participle present) is never used in 
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German. “I am coming” is expressed by 
femme" (1 come), never by bin femmenb" ; 
”1 was learning,” lernte" (I learned), never 
mar Icrnenb". 


,3. The Imperative (mood of command, desire, 
and wish) is formed in the weak conjugation by 
the suffixes -c (sing.) and -et or -t (plur.). 

Si! 

civil address leb-cn ^ic! Icvn-en ^ie! 


The suffix *e in thosen^. and the flective c in the 
second person plur. can in some cases be omitted, 
but not in verbs with stems ending in b or t, e.g., 
bar-c! bab-ct!, bathe!; rcc-c! rcb-etl, speak! 

For the sake of emphasis the personal pronoun 
is sometimes added, either before or after the 
verb: kviiel or Verne bnl — Zsi)v, Icvnet! or 

Vernet il)v! 

4. As in English, the imperative for the first 
and third person is formed with the help of 
auxiliary verbs. There are either auxiliary v^erbs 
of tense (fein, fjaben, merben), or of mood*; folt-en, 
ic^ foil (1 am to) ; mofl-en, id) mai^ (I may) ; muffen, 
must; UH'l(-en, id) mid (I will, 1 want to, I wish to) ; 
laff-cn (to let, to allow, to permit, etc.). They are 
used in the indicative and conjunctive mo<»ds, 
the subject either preceding or following the 
finite verb. 

Examples; £oicu miv ^lud(id)! — Let us be 
happy ! [pres, conj.] id) (ev) v^liicflid' fciii I — 

May 1 (he) be happy ! cr fomnifu ! — May 

he come (let him como !) Vaffet iino flfipivt fdn ! 
l^t us be diligent 1 'd)V follt (muf'O Icviicn! — 
You ought to (must) learn! merbe VidM! — 
Let there be light! Kv Ifbf! — May he live! 

cet il)nt ^vliitiyu! — May he succeed with 
it ! (lit. : May it him succeed). 

5. The auxiliary verbs of mood: nioc^cn, may, 
and lajffiL let, and the conjunctive forms are 
used where the imperative expresses a wish, 
desire, or hope; whilst the indicative denotes 
command. To distinguish this indicative of 
command from the indicative of the ordinary 
statement, the sequence of words in the former 
case is the same as in a sentence of question 
[see IX.]; 'Dhut cv fcmnicn! May he come 
(let him come!) but: (^v niayi fcniiiun, he may 
come. 


XV. 1. Prepositions. The (tcrman preposi- 
tions govern either the genitive (2), the dative (3), 
or the accusative (4), or in some cases the two 
latter alternately, whilst a few govern the genitive 
and dative alternately. Examples (the governed 
case is indicated by the figures in brackets) : 
ftatt, anflvitt (2), instead of ; (2), on account 

of, because of ; aiui (3), out of, from ; bfi (3), 
near, about, with, at, by ; wit (3), with ; (3), 

after, to, for ; ihw (3), from, of ; (3), to, at, by; 

fur (4), for ; (4), against, towards ; cbiu (4), 

without; buucb (4), through, by; mu (4), around, 
about, for. The exact employment of these 
prepositions must be learnt by practice. What 


♦ Denotations of will, command, wish, desire, 
ability, obligation, etc., which in their varying 
sense cannot be exactly translated into English. 
Imp. conj. of mcijfii, 
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the student has to commit to memory is the 
case governed by each. 

The propositions governing two cases will be 
treated subsequently. 

Examples : (Ir vcbete ftatt (2) mciner— he spoke 
instead of me. 3cf) femme mc^en (2) be« (Sc^uIcrS — 
I como on account of the scholar. SGDir fernwen 
autf (3) bem (.Marten — we come from the garden. 

mar mit (3) bem QBater — I was with the father, 
(^v femmt nac^ (3) 3^uen — he comes after you. 

fur (4) batf Jtiub — it is for the child. Jldr 
fc^eltcu i^cflcu (4) bcu 9Diub — we sailed against the 
wind. (K- arbfiletc o()iic (4) mte^ — he worked 
without me. 3IUr manbertcit burc^ (4) ben Satb — 
we walked through the forest. 

XVI. 1. The Strong Declension [see V. and 
VI.] is chiefly taken by the masculine, the majority 
of the neuter, and a few feminine nouns ending 
in -ft, -t (bie 9)huu^ the mouse ; bic 9lu§, the 
nut; bic .llunjl, the art; bic 'I5raut, the bride; etc.) 
-uid and -fal (bic .Rcuutnia, the knowledge; bic 
.Tvubfal, the affliction; ete.) As the nouns of 
feminine gender remain unaltered in the singular 
of both the strong and the weak declension, the 
formation of the plural provides the only clue 
as to the group to which they belong. The 
feminines of the strong declension, except 
those ending in -uict and -fal modify the vowel 
in the plural. 

2. The characteristic feature of the strong 
declension of masculine and neuter nouns [see 
VL] is the suffl.x -ci^ or -f< in the genitive. 
The inflection is taken by nouns 

(a) ending in an unstressed -c, 

(b) ending in the unstressed syllable -c(, -cut, 
-cn, or -cr, 

(r) some substantives of foreign origin, 

(d) all diminutives [see XIL, Ic, and 
Table Vl5]. 

Examples: (a) bac« (Mcmid'bc, bc^ ©emidbe-^^, 
(vault); (b) bev Mattel, be^ 'Sattd-ci, (saddle); ber 
VUl)cw, bca Vltl)cm-i^ (breath) ; bev 9Jlay^eu, bca 9Jla^fn-c<, 
(stomach) ; ber Rifd)cv, bcc^ Sifebev-^, (fisherman) ; 

(c) ba»J 'licutil', bed ihutil-d, (valve) ; bev ^cner', 
bed ‘Icuor-d (the tenor); (d) bad 'l^d'tcvd)eu, bed 
'Itdtevd)cu-d. 

3. All other strong substantives take -ed in 

the genitive, but the c is sometimes dropped in 
nouns that do not have the stress on the last 
syllable— e.j 7 ., ber bed Llbnioi-d (king); ber 

Vl'bcnb, bed Vltcnb-d, (evening) ; ber Sd^nvtcb, bed 
iVdl)nvid'-d, (ensign) ; but ber SWann, bed SWalin-ed. 
Nouns with stressed final syllables ending in e 
drop the flective c for reasons of euphony: ber 
.Hlec, bed dtlcc-d, (clover) ; baddtnie, bed Jlhiie-d, (knee). 
The floctive c can also be dropped in the dative 
of nouns ending in hissing sounds (d, ff, g, fd), j) ; 
bad (^rad (grass), bed Ohaf-ed, bem ^raf-e or bew CMrad ; 
ber g(u§ (river), bed Slu^-cd, bem 5luff-e or bem 
SliiJ; ber ^htunfd) (wish, desire), bed 5Bimf(!^-cd, 
bem aBunf(^-e or bem Jfiluufd); ber ilanj (dance), 
bed Xauj^-ed, bem 55’ait^-c or bem ;tanj. 

XVII. The Possessive Pronouns are; 
mein, my; bein, thy; fein, his; i()r, her; fein, its; 
unfer, our; eiier, your; ifjr, their; each with three 
genders and a uniform plural for all the three 
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.genders. The suffixes shown in the following 
I table serve for all possessive pronouns: 

I Singular. 


1. 

mein 

(wi.) 

mciu-c (/.) 

mciu 

2. 

mcin-cd 


mcin-cr 

mcin-cd 

3. 

mcin-em 


mcin-er 

mcin-ciu 

4. 

mciu-ctt 


mciu-c 

mciu 




Plural. 




1. 

mciu-c 




2. 

meiu-er. 




3. 

meiu-cu 




4. 

meiu-c 



1. The declcnsive e (or the radical e) is some- 
times dropped in the declension of iiU(-e-v and 
cu-c-r : uui‘(c)v-eC( or iiufcv-(c)e( ; f u(c)v-fi< or ; 

or unfcv-(e)m ; cu(f)i‘-im or €«ci-(c)m ; etc. 

2 The possessive pronoun agrees in gender, 
number and ease with the substantive, when it 
precedes this substantive (as attributive adjec- 
tive): nuin my hat; teiii-c 'iOiftc, your waist- 
coat; Kill »^)enit, his shirt; tcv >>iit mfiii'Ct’< 
nicin-fv 3)luttcv, niciii-ek’« .itinDiH\ the hat of my 
father, of my mother, of my child. 

3. The third person [fin (m, and n.) his, and 
i(K (/.) her, agrees in gender with the substan- 
tive which it substitutes, but in number and 
case witli the noun it precedes ; for instance : 
tfv .ftihUit (ifln [fin-cn «clm nut [fin-c 
the king loves his son and his daughters. 

EXAMINATION PAPER V. 

1. Which prefix and suffix are (inployed in the 
formation of the weak past participle ? 

2. Which are the cases where this prefix cannot 
be employed, and how is the past participle 
formed in these cases ? 

3. Name the unstressed prefixes of German 
verbs. 

4. Which suffix is used for the formation of 
the present participle of all Geiman verbs ? 

5. How do the familiar and the civil form of 
address differ in the imperative of the second 
person singular ? 

6. When is the imperative formed by the aid 
of auxiliary verbs of tense, and when by 
auxiliary verbs of mood t 

7. Are the prepositions subject to declension ? 

8. Which feminine nouns belong to the strong 
declension, and what are their terminations ? 

fl. How do you judge whether a feminine noun 
belongs to the weak or the strong declension ? 

10. What is the gender of the majority of 
strong nouns ? 

11. Which strong nouns form the genitive sing, 
with the suffix and which with the 
suffix ? 

12. When is the flective -e omitted, and when 
retained, in the genitive and dative ? 

13. Which are the German possessive pronouns ? 

14. Are there any distinctions of gender in the 
plural of the possessive pronouns ? 

16. Where is the possessive pronoun placed 
when used as attributive adjective ? 

16. With which substantive do fetu and 
(her) agree in gender, and with which in 
number and case 1 


Exercise 1. (a) Form the present and past 
participles of the following verbs, after having 
ascertained the stem : 

almeii, avtcitcit, atfimcii, fiabcu, 
to forebode, to work, to breathe, to bathe, 
bcldc^dn, erfaiibcn, 

to greet, to smile at, upon, to allow, 
crjdtjtcn, cntpiifcu, evvdtfjcn, 

to narrate, to charm (ravish), to blush, 

fvcffiicu, ftdfuicn, ^eivdfjrcn, 

to open (inaugurate), to yawn, to obey, to grant, 

Ijcmbdn, foften, Idutcii, 

to act, to hate, to taste, to cost, to ring, 

lifben, loben, levuen, laufci>cn, Idcf'dn, 

to love, to praise, to learn, to listen, to smile, 

bffiun, vanctuMi, veduten, 

to open, to smoke, to reckon, to calculate, 
vebfii, vf^pcieii, loftcii, faytcii, fc^eln, 
to talk, speak, togovein, to roast, tosay, tosail, 
[cf>nalK», fviden, 

to smack [one’s tongue] to play, to gamble, 
jlih-fii, bcrfiiiVttr vcvfvielen, 

to disturb, to refuse, to lose [at play], 

;^dl)leu, Ktd'ucu, 
to count, to draw, to destroy. 

(6) Insert the missing imperatives: 

(sing.) tie \Hufy\abc! (pi.) ben ^ater! 

lA‘arn the lesson ! Greet the father ! 


(s.) bic It)uvl (pi.) nilpo;! 

Open the door ! Be quiet ! 

(s.) beten ! (pi.) . . . . ! (s.) .... bic C^heefe I 


Let us pray! Pray! Ring the boll! 
(cow/, pres, of to he) n?ir nil)i^ ! 

Let us be quiet ! 

Exercise 2. Insert the missing substantives 
and pronouns in the cases required by the pre- 
positions. 

Tic SJlutter fommt ftvUt 

The mother comes instead of the father. 

'IBir ivanbcrtcu niit buvd> 

We walked with the children through the wood. 

(tr vcifte SDiifcle^ 

He travelled against the wish of the uncle 

tnc^cn (?v fommt and 

on account of tlie aunt. He comes from the south 

unb briiu^t ^cfd)cnfc fiii* . . . , fiir . . . uub fur 

and brings presents for me, for him and for the girl. 
Tev V*ebvcv lobte iind uad> .... 

The teacher praised us after the examination. 

(fr fommt nac^ otpu 

He comes after [the] dinner without a guide 

burc^ 5Bii- beteten fur 

through the forest. We prayed for the uncle 

imb fur nac^ .... ^^Ircbi^t (/.) 

and for the aunt after the sermon. 

3d) f)ortc cine ffiebe flatt 

I heard a speech instead of a song. 

Exercise 3. Insert the missing infections 
of the strong genitive -cd or -d. 

Ter ffialimen bed @cmd[be . . unb bic Tccfe bed 
The frame of the picture and the ceiling of the 
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(SJen>elbe.. mxcn bmifel. Tit Sarbc .Itafe.. 

vault were dark. The colour of the cheese 
iff ejelb. (^r l)olte ben C^rtff bed vSabcl.. unb bfii 
is yellow, lie fetched the hilt of the sword and the 
SBii^et bed 8attet .. and bem iUlmfet bed 3iinntf‘^- • 
stirrup of the saddle from the corner of the room. 
Tit 'l^ater bed aWabebeu . . unb bed .ftndblcin . . ill 
The father of the girl ana of the {dimin.) boy is 
ber a^ejibev bed unb bed a9avy«.. 

the proprietor of the castle and of the carriage. 
^Dcr ainfanv] bed Tag . . . , bed 3)lonat . . unb bed 
The beginning of the day, the month, and the 
3abr...; bie ^^trablen bed SOlciib... nub bed 
year; the beams of the moon and of the 
Vlbenbilern . . . Tit if ran bed ■Dlajcr.. fat) bie 
evening star. The wife of the major saw the 
afieiber bed aJlogiil.. im(3) (Marten bed 'l^ala|l... 
wives of the mogul in the garden of the palace 
im (3) Vic^tc bed aJlcnb . . . Ter (Mefcl>niacf bed @atj. . . 
in the light of the moon. The taste of the salt 
unb bed ^Jlfeffer. . nur bitter; bie ^iijigfeit bed 
and pepper was bitter ; the sweetness of the 
*Jlunfd)... unb bed Itiee.. ivar bie bed 3urfer. . 
punch and of the tea was that of (the) sugar 
obet bedv^pnigid. !Die ffarbe bed '^anb . . . unb bed 
or honey. The colour of the ribbon and of the 
Tnci^... t)ob bie Seijpe bee .&alf. . . 

shawl raised (intensified) the whiteness of the neck 

bed fcbinien Tocf)terd)m . . imfercd ailirtf) . . . 
of the beautiful (dimin.) daughter of our host. 
T)ie 3eit bed @rf)reifen . . unb bed a3(utbuv|l . . . fulltc 
The time of terror and of bloodthirstiness filled 
aUe Olaume bed .llerfer . . unb bed bcnac()bavten 
all the rooms of the prison and of the neighbouring 
CMebanb. . . wit (3) ben (Mefangenen bed Jpev'tog . . unb 
building with the prisoners of the duke and 
feined (MunjTling. . , bed aJlini'flcv. . 
of his favorite, the minister. 

Exercise 4. (a) Replace the definite and the 
indefinite article in Examination Paper II., 
page 750 (where the nature of the substantive 
admits it), by the pronouns inciu, bein, feiu, i^r 
(her) in the corresponding genders, (b) Insert 
the missing possessive pronouns in the following 
sentences : 


.... ^JSatev, ..... SJlutter unb . . . ^^rubet fommeii 
My father, my mother and my brother come 

l^cufe. . . . fWerf, .... ®c|lc uttb ... J&emb 
to-day. Your coat, thy w'aistcoat and his shirt 

finb ^icr. Ttt IBrubcr ifl .... 

are here. The brother of my wife is my 

^djirager (Se^u fpa^iert mit ber Ted^ter 

brother-in-law. Our son walks with the daughter 

Sreurtbcd in CMavten. @ie uerfaufte .... 

of our friend in his garden. She sold her 

al^^en(m.), .... ‘.^fcrbe(n.) unb . . . ^aud(n.), unb 
carriage, her horses, and her house, and 

entfieg llammerjungKr unb .... T)ieuer(w.). 

dismissed her chamboimaid and her servant. 

fdbvt mjngli(^ mit (3) — ^ferbeit. 

Your coachman drives excellently with 'our horses 
(drivcft our horses splendidly). 

T>er gvcnnb .... SJlnttcr i|l anc^ ber grmnb .... 
The friend of his mother is also the friend of our 

.![>aufep(n). dtenig liebt .... ^ebn unb .... 
house. The king loves hia son and hia 

Tcd)tev; bie .ftenigin liebt .... ^obw unb .... 
daughter; the queen loves her son and her 

Ted)ter; ber liebt 9.^ater nub 

daughter; the prince loves his father and hia 

SKuttcr; bie ^J^rii^efjin liebt .... Tlater unb .... 
mother ; the princess loves her father and her 

ailuttcr. T'er .Hcnig ijl ftd)ev inmitten (2) 

mother. The king is safe in the midst of hia 

TU'lfeei; bie A'enigin i|I fidicr inmitten 

people ; the queen is safe in the midst of her 
93clfcd; baei dtinb bcei .ft'enig^ ifl ficbev inmitten 
people ; the child of the king is safe in the midst 

.... Tlclfeei. T)er ^ebver lobte (Schuler 

of its people. The teacher praised his pupil (m.) 

unb Sebuieviu in CMfgcnmart(/.) in (3) 

and his pupil (/.) in our presence in your (pf.) 
.t>aufe. IH- fvrad) mit (3) — Mobile unb mit (3) 
house. He spoke with his son and with 

Tcd)ter von (3) — ^41ldnfn(m.) unb von 

his daughter of their plans and of their 
aiUiufd^c iiu veii’cn. 
desire to travel. 


Cmtimied 
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iBy COURTENAY POLLOCK, R.B.A., and P. G. KONODY 


Action and Proportion. It may particular part 
simplify matters to divide animal drawing into each study as 

two distinct studies — action and form. The if it be after 

early study of action will impress upon the one part until 
memory the general ap- 
pearance of the animal 
and its manner of move- 
ment. Tf you face the 
animal with paper and 
pencil, don’t wait for the 
model to “ pose” or settle 
down, which would be 
sheer waste of time. 

Begin at once to draw ; 
look at the model long 
and carefully, noting the 
proportions and general 
outline only. Then put 
on paper wliat you r(‘eol- 
lect. There is no need 
to make large studies — 

4 in. sq. will be found a 
(convenient size. If the 
model should happen to 
move, don’t wait for a 
return to the same posi- 
tion, but leave the note 
as it is, and make another. 

In this way you will till 
your book with odd and 
seemingly incomplete 
studies. But these will 
jwove most valuable, and 
every bit of Rawing i.s 
so much kuowledgtc 
gained. Tlie chief point 
is to look well at the 
model before putting pen- 
cil to paper — say, ten 
seconds for five seconds’ 
drawing. Use a soft 
pencil, and don’t hesitate. 

Each time draw the whole 
animal, if possible, and 
you will quickly grasp 
the action and propor- 
tions. Use few lines, but 
let none of them be 
meaningless. Shading is 
unnecessaiy, as a rule, 
and should only be used 
to explain the "form, but 
avoided when movement 
can be expressed with- 
out it. 

Form. In drawing 
form, it is best to con- 18, thb statxtb op david 

fine attention to some By Michael Angelo 

, 1 B G 



of the animal, and again to leave 
soon as the animal moves, even 
a couple of strok(?s. Keep to 
you have learnt something of it, 
and draw it in a.s many 
positions as possible. But 
you must look carefully 
and pul down only what 
you art* sure you have 
seen. One hour of this 
syst(‘m will teach you 
much. ^ 

For students living in 
London, the Zoo will 
afford ample opportunity 
for study. Permission to 
enter for this purpose may 
be obtained on applica- 
tion to the Super- 
intendent. Those who live 
in the country will, of 
course, have to confine 
themselves to such ani- 
mals as they find around 
them. But the student ,, 
can learn as much from 
these as from any others. 
If he really wishes to 
learn, the difficulties are, 
aft(‘r all, not very gieat. 
One can generally come 
to an understanding with 
an omnibus or cab pro- 
prietor, or a groom. Dogs 
and cats arc at hand 
everywhere. Rabbits may 
be bought for a few 
I)ence, and threepence 
will buy a live rat at any 
market hall. The study 
Of animal anatomy is 
essential for the mastering 
of animal drawing. 

Mo4<BninB the 
Figure in Relief. The 
wtebd “relief” is not used 
hero to signify relief 
the student 
|l|^cSddflbtfattempt at this 
'siage),'but to distinguish 
between modelling on a 
slab and modelling in the 
round. Slab work is recom- 
mended at first, because 
armatures can be dis- 
pensed with. Draw your 
outline on the clay, as in 
previous cases, and build 
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at the foot of the cIraAving a small shelf to torni 
the ground on which the tigiirc shall stand. 

The ** Round** Attached to the Slab. 

Put on the clay, not in the manner of low 
relief, but as if you were actually making a 
model in the round, attaching the tiguro to the 
clay background, and disregarding any tempta- 
tion to foreshorten. I'lihampcrcd by constant 
movement, as in the case of animal study, you 
can work at greaU*r leisure. A slab of about 
15 in. by 24 in. will be found convenient for 
iigure studies ; the figure should not be less 
than 18 in. high. 

Jt is absoluU^ly necessary that the student 
should study artistic anatomy. Without a very 
thorough knowledges of anatomy, and of the 
changes of surface form resulting from different 
movements, it is impossible to become a 
thoroughly good sculptor. 

Modelling in the Round. The Hrst 
thing to consider in “ modelling in the round ” is 
the armature upon which tlic figure is to be built 
up, and the tools required. IaX us take a figure 
half life-size — i.f., between 32 and 34 in. high. 

The tools and materials nec(issaiy» are : 

A wooden turntable, 3 ft. 5 in. high, which v' 
has a revolving top, and costs from lOs. to 
15a. This table is for the work. Another 
turntable, or rostrum, is required for the 
model. It should be 15 in. high and 3 ft. 
square, and must he made in two parts, 
the top half revolving upon the lower, 
costing about 25s. 

It is generally more satisfactory and 
eheapc'r to have these things 
made by a jointer, but, to save 
trouble, lh<‘y may be bought at 
an artists’ repository. It is im- 
portant that they be strongly 
made. 

A wooden board is required, 
about 18 in. square and 1 in. 
thick, with battens underneath, 
to prevent warping. Fix upon this with scre ws 
an iron ux^right of I in. in thickness, and 35 in. 
in length. Bend it to a right angle 20 in, from 
the foot. Along this bent piece measure off 
10 in., and at this point bend it back again into 
the perpendicular. The foot should splayed 
[os shown in 19] into three feet, thus giving a good 
hold for the screws. With the 10 in. crank 
deducted, this will leave the upright 25 in. high. 

About 12 ft. of “ compo ” tubing of J in. 
diameter, and about 1) ft. of galvanised wire, 
thin enough to bend easily in the fingers, is also 
wanted, as well os a hammer and a pair of pliers, a 
pair of callix)ers about 20 in. long, curved outwards 
in the middle so that the halves come together 
again at the points. These should be of steel ; 
wooden callipers are easily broken. Have also 
half a dozen splinters of w ood 1 1 in. long, and a 
box of wooden matches, also a sheet of card- 
board not less than 3 ft. long and 18 in. broad. 
Upon this board the scale will be drawn. 

Making the Armature. Next comes 
the armature. For the legs cut off 63 in. of 
tubing* and bend it over the top of the upright, 
fiatten'Ug it on to the iron support and binding it 


tightly, so that there are equal lengths upon 
either side. Bend them apart a little so that 
each will run through the centre of one leg [20]. 
Cut off the feet, so that the ends reach within 
] in. of the board. All binding should be done 
in this w'ay. 

Take a piee(* of wire about 4 in. longer than 
will be required to rea(di twice round the pieces 
to be bound together. Bend this so as to 
double it, and again her d it in the middle. With 
the pliers give the end of the last bend one or two 
twists, then hind the free ends round the tubing, 
and with the pliers twist the ends, pulling it 
tow^ards you, so as to tighten the binding. In 
this W'ay one is able to tighten the binding, if 
necessary, by twisting the ends of the wire. 

Now cut off a piece of tubing to support the 
trunk and shoulders, as shown in 21, and another 
piece to support the head and strengthen the 
torso. Bind these pieces, as shown, to the 5 in. 
j)ortion of the upi-ight making the top flat for 
the shoulder.s. At the top of (lie hack and neck- 
piece bend the tube into a .small loop, to give 
plenty of attachment for the head. Take 
anotlier length, enough to reach from 
one wrist to tlie otlu^r on the figure 
with outstretched arms. Bind this 
across th(‘ top of th(^ shoiiUhT, sever- 
ing it in tlie middle and binding the 
ends to tlie iqiright piee(3 of tubing, 
allowing the arms to fall downwards. 
20 " 3’ak(‘ tlu? wood(‘n splinters, and make 
two small crosses, or “ butterflies," 
by crossing orui upon tlu^ other, and 
binding w ith string. These should 
hang l)y the string from the 
shoulder- pi(H*e, one on either sid(* 
of the backboms and th(;y should 
hang about tlu^ middle of the 
thorax, to support that mass [22]. 

The Scale. At the left-hand 
bottom coriuT of the board [23] 
take a point A and draw from 
it a straight line, horizontally — to the right. 
With the callipers take half the total lieight 
of the model, and, w'ith A as centre, draw an 
arc from B. Take half the height of your 
Jigure, and, with B as (sentre, measure it off upon 
the arc, intersecting it at C. Now draw a 
straight line' from A through C, and the scale is 
ready. When taking measurements, strike off 
the measurement of the model in the same 
manner as tlie arc BC was descrilied, taking 
always A as centre. The corresponding measure- 
ment for the figure will be from the x>oint of 
intersection on the line AB to the intersection 
on the lino AC". 

Now pose the model, and, with a piece of 
chalk, trace the outlines of the feet upon the 
rostrum, so that the position of the legs may be 
taken again without trouble. 

Before putting any clay on the armature, 
give the tubing the same pose as the model, 
slightly exaggerating the action, and using 
the plumb-line to assist in keeping the balance 
of the figure. For the purxiose of illustration 
we will take the pose of Michael Angelo’s 
David [18]. 




19. ARlV1.\'rURK SUPPORT 
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20. ARMATURE LEGS 


Action in the Armature. 

First bend the armature so as to get 
the action of the hips in contrast to 
the shoulders, and note that the stand- 
ing leg (bearing the weight of the 
body) pushes up the pelvis on that 
side ; the free leg, being bent, allows 
it to fall. In contrast to this oblique 
line of the pelvis, the line of the 
shoulders is thrust in the opposite 
direction by the trunk being thrown 
over, so that the weight is 
balanced over the standing 
leg. Thus, the pelvis falls 
downward from the stand- 
ing leg, and the shoulders 
are thrown over to (counter- 
balance this. 

Place a lump of elay on 
the piping where the pit 
of the nock will probably 
come, and mark this point by pushing in a 
wooden match. After bending the t(jrso and 
getting the line of the shoulders, compare 
with the plumb-line the relative positions of 
the suprasternal notch with the internal 
malleolus of the standing leg. In the pose of 
David this line, dropped from the pit of the 
neck, strikes inside the malleolus — in fact, it 
divides the ankle. Ikuid th(^ tube of the leg 
so that it will (^ome down the middle of the 
limb; then bend out the piping of the free leg, 
giving the necessary curves to secure the post*, 
and following, as nearly as possible, the shape 
of the bones. 

Take now the side vi('w, and evgain nso the 
plumb-line. Hold it so that it comes through 
the middle of the neck, and notice 
how it falls in relation to the external 
malleolus of tlu^ standing leg. Tlie 
line of the back should be bent to 
coincide with the lino of the spine, 
but a fair margin should be allowed 
for the clay. Block in the general 
form of the trunk, keeping the clay 
mass very much smaller than the 
proportions intended to be giv(*n to 
the figure. Clover the legs slightly with clay, and 
after bending the tubes of the .arms cover them 
also with a thick coating of clay. Upcm this 
foundation one will be able to mark the principal 
lines and measurements, the latter being fixed 
by means of matches. 


leg, a piece of wood, to give a firm point 
from which to take the first measurement. 

From the suprasternal notch, draw the centre 
line. Trace it through the centre of the figure, 
down the sternum and linea alba, through the 
navel, and from there downwards, following 
the general internal line of the standing leg 
to the malleolus. Mark the centre of the 
hips and shoulders by drawing a line across 
them. Then turn to the back, and from the 
centre of the neck, at the point judged to 
locate the seventh cervical vertebra, 
draw' the central line, following the 
vertebral column down to its base, 
and then through the general con- 
tour of the standing leg. Again 
mark the angles by the oblique pelvis 
and the shoulders, and indicate the 
oblique lino of the fold of the 
buttocks. 

Measurements. 1. Take the 
first measurement from the plinth, just 
under the arch of the standing leg, to 
the top of the patella. 

2. Measure from the top of the 
patella to the anterior superior process 
of the ilium of the standing leg. Use 
the plumb-line to find exactly to what 
extent the iliac process deviates from 
the perpcmdicular line drawn from the 
centre of the patella. Make this obser- 
vation very carefully, and do not mark 
the point measured until it has been 
considered from the side, and having 
plumbed a perpendicular cutting the 
pat(‘lla from the profile, note the extent 
to which the iliac j)roce8s is in advance 


21. ARMATURE WITH SHOULDERS 



23. SCALE 

Now make the plinth of clay, which should be 
3 in. deep. This wall afford sufficient room to 
increase the length of the lower limbs, if neces- 
sary, without altering the work In^stowod upon 
the upper portion. Place upon this, flush w ith 
the clay, and against the inside of the standing 


of the pa- 
tella. 

3. Mea- 
sure the 
distance 
across from 
one iliac 
process to 
the other. 
(Jaro must 
lie taken to 
deter- 
mine the 
angle of 
this line. 
To do this, 
hold a 
straigh t - 
edge up to 
the anterior 
su per ior 
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prooesa of the standing leg, and, keeping it 
perfectly horizontal, note how the iliac process 
of the free leg. drops from this line. 

4 . Take the distance from the iliac process 
of the free leg to the top of the patella of the 
same leg. 

6. From this point measure to the heel. The 
heel measurement may, like some of the oth 'rs, 
be somewhat vague, therefore mark the po nt 
measured by a small spot of ink. This may be 

f^m, such as the round, fleshy pad of the heel. 

6. Measure from the anterior superior iliac pro- 
cess of the standing leg to the suprasternal notch. 

7. Measure from the suprasternal notch to 
the ear — f.e., the notch between the tragus and 
antitragus. 

8. Standing at the side, measure between the 
anterior superior and posterior superior iliac 
processes on the side of the free leg. Again use 
the straight-edge, and, holding it horizontally, 
so that it cuts through the anterior process, 
note very carefully how much the posterior 
process comes above this line. 


24. Proportions op the human Frame : bones 
[See opposite page] 


1 . Skull 

2. Bretwt-boud (Hteriiuiii) 

2. Vertebral column 

4. Thorax 

6. Coltar'buiic <«ilavlclo) 

6. Shoulder-blade (Bcupula) 

7. Humerus 

8. HadiiM 

9. Ulna 

10. Wrltt-boTJOB (carpuH) 

11. Metacarpua 

12. Finger-bones (phalangoa; 

18. The hauuch-bono (oa innoml- 
naium) 

14. Thigh-bone (femur) 

15. Ktieo-puu (patella) 

16. Outer bone of leg (fibula) 

17 . liuiur bone of leg (tUiia) 

18. Cerrical veitcbiw, 7 in number 

19. Dorsal or thorauto vortuhrie, I’l 

In number 

20. Lumbar vertebra, 5 in 

number ’ 

ZL Sacrum, formed by fusion of 5 
aegmcnta 


22. C->ccyx, made up of 4 or 
sogiu elite 
2:1. Tarsus 
•24. MetattOTHUs 
•25. PhulangeH 
26. Os calcls or lifcMione 
•27. Astragalus 

28. lilac portion of os inn<uiil- 

mituin 

29. Pubic portion of os innouii- 

iiatiiiii 

30. Pubic HyiupbyHia 

31. He.a<l of femur 

32. Froiit-al honos 
83. I’tuictal boiiCH 

34. Temporal bones 
.•15. Nasal bones 
fW, Upper jaw-bones 
.37. Malar or eh wk -lames 

38. Mandible or lower Jaw 

39. Oe< ipitnl bone 

40. Mastoid process of ti'nipuiul 

bone 

41. Acromion prue»-sa of scapula 
4^2. Coracoid prooc-ss of <<<'api(la 


9. Measure the distance from the supra- 
sternal notch to the seventh cervical vertebra. 
Use the straight-edge to determine how much 
higher this is than the top of the sternum. 

10. Measure the distance between the pos- 
terior superior iliac processes. VVIk n doing so 
great care should be taken in observing, by the 
aid of a horizontal line, liow much higher the 
process on the side of the standing leg is than 
the process on the side of the free leg. 

11. Measure with the utmost care between the 
anterior and posterior superior processes on the 
side of the free leg. If any discrepancy is 
noticed, take all these pelvic measurements 
again, 

•12. Take careful measurement between the 
posterior superior process of the ilium of the 
standi^ leg and the seventh cervical vertebra. 

13. I^ko careful note of the length of the 
clavicle, measuring from suprasternal notch 
to the acromion process, on both shoulders. 

14. The next measurement should be taken 
from the acromion process to the head of the 
ulna on both arms. 

15. >From the head of the ulna And the 
distance to the first articulation of the middle 


fingers. Mark all these points by wooden 
matches. These measured points, as the student 
works, should be carefully checked, as they are 
liable to be displaced by the putting on of the 
clay. 

Putting on the Clay. In putting on the 
clay, the student should start by laying in the 
bone masses. The thorax should come first, and, 
whatever the pose, it should be equally divided 
by the vertebral column, so that the mass of the 
thorax will be equal on both sides. Keep the 
muscle masses rather under than full size, to 
prevent obliterating the drawing. Put on the 
clay in strips and lumps, following the direction 
and movement of the muscles that are being 
indicated. Always leave the bone surfaces, 
which have been marked with matches, bare, 
but the matches should, of course, be pushed 
in so that the ends represent the point on the 
surface from which the measurements have 
been taken. 

The student should always have before him 
the shapes of the bones over which the muscles 
are laid. Draw the shape pf the thorax carefully 
from the sides and back as well as from the 
front. To do this one must have a thorough 
knowledge of anatomy [see Physiology, pp. 97- 
101, 196-198], or it will be impossible to inter- 
pret the forms which, given this knowledge, 
will reveal the shape of the underlying con- 
struction. The bone surfaces are most im- 
portant, as they form, as a rule, the groat points 
of rest between large masses of muscle, and give 
the trunk and limbs their characteristic contour. 
Observe, for instance, the important part which 
the humerus and the ulna play in d3termining 
the shape of the arm [26], and note the extent to 
which the femur and the tibia decide the 
character of the leg [27]. Again, examine the 
pelvic girdle and see how the iliac crests influence 
the shape of that region. If ono looks at the 
shoulder girdle from above, it will bo seen at 
once how the clavicles sweep in a convex line 
backward and outward, and take a concave 
line before they reach their articulation with 
the acromion. This line plays an important 
pari in determining the shape of the great 
pectoral mass below it, and forms the point of 
rest between this mass and the muscles of the 
neck and shoulders. It is utterly useless to 
rely upon measurements between points which 
are not absolutely fixed. The student should 
depend upon his eye in such cases. Measure- 
ments cannot determine the pose, but they are 
used to ensure accuracy of construction. 

Anatomical Models. It will be a 
valuable help to the study of muscle forms if 
the student provide himself with an anatomical 
figure. He will then more easily understand 
the modifications of the surfaee forms and trace 
their origin. These figures will not, of course, 
explain all the subtle movements of the surface 
form, but by reference to them the student will 
be reminded of the muscular and bony forms 
which underlie the surface, and which, when 
called into action, modify its contour [24 and 25]. 
^ It is desirable to lay in the whole figure 
together, blocking in the extremities with the 
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. 25l PROPORTIONS OF THE HUMAN FRAME : MUSCLES. [See opposite page] 

IIL. Superficial musdea ia male ; IV., in leg ; V., VI., in head and face ; VII.. palmar, and VIII., dorsal muscles. Skulls of negro (lil), infant (X.), gorilla (XL); 

XII,, ma e. and XIIL, female pelvis 





rest of the figuri^. Itaving arrived at the arms 
and hands, the armature for tJie fingers sliould 
be made, for which purpose thin wire is !)est — 
copper for preference. Take live lengt hs 
of about 5 in. each, and, having bound 
them securely together at one rml, 

•insert this end into the eompo tube 
at the wrist, pushing it up, and 
then pinching the tubing with pliers, 
so that a good hold is obtained. 

The wire is then cut to the re- 
quired lengths to support the fingers, 
and is easily bent to the required 
form. 

In modelling the figure in the round, 
the success of the study depends to a 
great extent on the groundwork. It 26. arm 
is n3Cessary, therefore, that the utmost influk 
care be taken in placing the large humeru.s 
masses and observing their relative 
positions. The figure should be constantly 
turned, so that these masse'’ may be observed 
in profile and their projection and outline 
studied with due ri^gard to the general lines of 
the whole figure. Compare the liru'S made by 
the chest, abdomen, and standing leg and the 
general line of th(', neck and back. Note 
also, from the profile, how’ the line of the 
back, from the neck downwards, is trace- 
able across the figure, following the iliac 
crest and <loW'n the front of the thigh of 
the standing leg. Compare the line of the 
chest and abdomen with the general posterior 
line of the leg from the knee downwards. TJiese 
few suggestions will help tlu' stuchmt to find 
many other points of comparison for himself. 



26. iUlOPOKTIONS OF TIIK HUMAN FUAME : MUSCLES 
[See op|):)aito 

The Hiiiuo letters tm<l uujiierals <1(» duty tii all llxures 


A. OireipltD-fmiiinliH 

B. PymiiiidaUs iia»i 
e. eoiiiptv^Miiv ii.iri8 

1». lAivutor lahii HUperiuriH a]ii'(|ue 
iiiwi 

V. OibiL-uliiriH < 

F. Levator lahii anp rlor's 
O. LevaUu’ ntiguli oris 

H. Zyi^oiiiatiriiH iiiiiitiv 

I. ZyguuiatioUM tiiajor 

J. Teuipt.ral fascia 

K. AttVdheus anrU 

L. AitoleiiH aurlM 

M. IL'traIwua aurin 

N. Orliii-ularis oria 

O. Rlsorlus 
1*. MadHeter 

0- D.'pifHHor aiiguli oris 
11. .OepruiMor infeiinris 
H. U'vator iiienti 

T. Hii>ruo-v]ol«U»-iMiuitoi(i(>u8 

U. Oixio-hyoid 

V. ^leiie 

W. (Avator Mitguli acupuU 

X. Spleiiiua 

y. Thyro-hyold 
Z. Btemo-byoiil 
Z'. Platyauia 
1. DsltoUl 
V. PiKiioralia major 
Si. HectUB abdopiiiiU 
4. Serratua uuMriiua 
Q. OhHqtiuM exteniU* 

6. TrapttZluM 

7. dciial . 

6. Infra splnatua 

9. Tarai minor 

10. Terea major 

11. Hfaoinboideua 

12. Bioepa 

15. Braohlalia antioas 
14. Trktpa 

16. Coraco Umuhialla 

16. Supinator lougna 

17. Pronator radii tarea 


IH. Ani-o]UMi.s 

10. Flexor l arpi radiallH 

20. I'almarlN loiigUH 

21. Flexor suliliiiilH dlKltonim 

22. Flexor enriil ulnaris 
2.i. KxteiiHor iiiliiiiiil dlKiti 
2:{’. F.x. earpi tiliunia 

21. Ex. eiii’iil ivuliali.-* loiigior 
24'. Ex. carpi nwlialis Inevlfti 
20 . Ex. o.s«iH iiudncai pt pulll. Is 
2fJ. Ex. priml liiteriiodll polllcls 

27. Ex. secuudl lnteruo«|ll pollii-iN 

28. Anterior annular Uganient 
20, J’aliinir faacia 

IIO. Opimneiis jxillici^, 

;J1. Aiiductor 

:!2. Aliducio] niiiiiiui <li!xHi 

:i:i. Pahiiaris lirex Ik 

24. Piwl iinniilar ligament 

;i.'). Sart«>rlu8 

tIO. Kectna fenioi’s 

It'!. VastUH lntd*rnu.x 

;w. Va.stu.s exU’i'iiiia 

:i0. (•ir.'iciliH 

4f). Tensor xa^dnie feiuoria 

41 . .Adductor mag’ll UN 

42. Adduct«ir Ioiikus 
4.‘l. Pei’tliuMiH 

41. l*NOHN. 

45. Biceps 

40. Heiiii-tendinosui> 

47. Seni 1 -I nem hmm )siib 

48. Uhitenamax. 

40. eiutcuH mcdlUN 
no. Tibialis antiens 

fil. Extensor longtis digltorum 
52. Exteusor proprius iiollivia 
6:1. PeroneuB tertiiis 
.*14. Peroneus lorigua 
Pcmneiw brevis 
60. Gastrociiciiiius 
87. Pbohs 

68. Annular ligament 

&». Temlo Aclilllls 

60. . Flexor longns dlgitorum 


Art 

Tn modelling there is a principle which is to 
he found in the works of most great masters. 
This is the ohscrvaiiee o£ what are called 
“ points of rest.'’ These occur, as a rule, 
between the large masst's, to which they add 
life and springim ss. It is almost impossible to 
find ill the human figure two great masses 
meeting abruptly and forming an angle. There 
is generally this dividing jioint of rest. Take, 
as an illustration, the section through the chest 
at the level of the nipples. The two great 
forms of the pectorals do not meet 
abruptly, but are separated by the 
point of rest inadi^ by the flat form of 
the steiiaim. The points of division 
beiwci'ii the pectorals and the deltoid 
are also piovided with these important 
rests. And, again, the two great 
masses of musch‘S overlying the scapulae 
arc divided by a point of rest at the 
vertidiral eolumii. If the student 
siiarehes diligently for these, and 
observes them in his work, he will 
avoid a lumpy and dead appearance 
of th(^ figure, Avhieh can only be 
e scaped by following this principle. 

Tne modelled figure should bo 
occasionally anatomised. This is 
done by drawing upon the finished 
study, witli the help of anatomical 
plates, the superticial muscles, bones, 
a fl and facia*, removing, so to speak, 

V (I the skin and the subcutaneous 

fat. Th(^ muscles should be 
traced and modified with defi- 
nition. Knowledge thus acquired 
is mon* practical and t*xplanatory 
than anatomy learned solely from 
books. 

Proportion. It is not advisable, 
as a rule, to apply any canons of 
proportion to the modelling of the 
tigure fiom life. Hy the adoption of 
LEO SHOWING \i diflieiilt to obtain 

INFLITEN(^E those individual characteristics 
OF femur which distinguish interesting por- 
traiture from the dull and common- 
place. INIore importance should be given to 
the accurate measur(*ments of each individual 
model. Fot the purpose of working from 
memory, however, the following table, com- 
piled by Prof. Lanteri, will be found useful and 
reliable ; 

From the ])Iinth to the toj) of the jiatella 
From the centre of patella to iliac process 
From the pubic line to the top of sternum 

These three proport ions are generally equal. 

The arm is three heads in h‘ngth from the 
acromion to the first articulation of the index 
linger. 

From the acromion to the head of ulna one 
head and a half. 

From the head of the ulna to the first articula- 
tion of the index finger head and a half. 

In these measurements the minimum of 
variation will be observed. 
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EARTHQUAKE INFLUENCES 

How Volcanic Influences have Modified Land Formation and 
Sea-level. Subterranean Water. The Making of Coal 


By W. E. GARRETT FISHER 


Earthquakes and the Strata. The 

geological effects of earthquakes are chiefly of 
importance beneath the surface of the earth’s 
crust. They give rise to those great breaks of 
continuity in the stratification of rocks which 
are known as fauUs [42 1, and wliieh w'C shall 
consider in a later chapter. A fault is a dis- 
location in the rooks whore the strata on one side 
Jiave been suddenly raised to a higher level than 
those on the other, and, conseque ntly, they do 
not appear to be continued in their true order. 
A seam of coal may thus appear to come to a 
sudden end, although, as a matU^r of fact, it can 
bo found again by rising to a liigher or descend- 
ing to a lower level on tlie other side of the fault. 
The exist nee of dislocations of this nature 
probably indicates that a more or lesii destructive 
earthquake once took place at a moment when 
the rocks could no longer resist the pressure 
brought upon them by the upper strata, and 
gave way. Sometimes, also, rn earthquake 
gives rise to a permanent change of level in the 
surface of the country ; this is especially of 
importance near the sea-coast. By very severe 
earthquakes it occasionally happens that a long 
lino of shore may be raist^l three or four fetd 
above its previous level. Now land is thus won 
from the sea, or, on the other hand, many 
square miles may be submerged beneath the 
surface of tlio waU^r. 


of the earth would ultimately become a dead 
level, and perhaps bo sunk beneath an inunda- 
tion, in comparison with which that which Noah 
survived was a deluge of inconsiderable ma^i- 
tude. The denuding forces which, as we shall 
SCO in the next section, are constantly at work 
planing down and polishing off the surfaces of 
the land would in the long course of geological 
time, infallibly produce this n sult were they not 
eoimteracted by the slow movements of upheaval 
and subsidence. 

Upheaval and Subsidence. There 
are countless cvidencivs on every hand to show 
that an actual rise and fall of the earth’s surface 
docs t;ik<i place. We think commonly of the sea 
as fluctuating, rising and falling, overflowing the 
land, and again returning and leaving its beaches 
high and dry. But the truth is that the sea, 
tliough nnstahlo as water, is really a permanent 
and unchanging thing in comparison to the solid 
land. T.ooking at the history of the world with 
tht‘ trained eyes of the geologist, which are able 
to poor through the backward ages and read the 
story written on t)\o rocks, wo may indeed say 
with the great poet of our own day : 

'Inhere rolls the deep where stood the tree ; 

O Earth, wliab changes hast thou seen ! 

1’here where the long street roars hath been 

The stillness of the central sea. 

Tlio hills are shadows, and they flow 

From form to form, and nothing stands ; 
They melt like mists, the solid lands ; 

Like clouds they shape themselves and go. 

Jn these beautiful lin ^s Tennyson has expressed 
ft far-reaching geological fact. The sea and land 
have changed places 
again and again in thcyi 
history of the earth. 

When we speak of • 
the secular rise and fall 
of the sea, as dis^ ; 
tinguished from the , 
periodioal tidal 
changes, what we, 
really mean if that j 
not the sea but the 
land itself has studs 
below or risen above 
its average level, ttere 
are two ways, and 
only two, in which the permanent lefjri of 
the sea may be changed — for an actual "^mi- 
notion of the actual bulk of its w;ater8'^A6t 
known to have occurred within historical 
and its probability may be left out of acco1fit|it. 
The land which borders the sea may be slo1l|ly 
rais^ thus bringing more and more of t|ie 
sloping beach out of the water ; or the sea*bif’‘ 


Socular Movements. W(* are accus- 
tomed to think that an alteration in the levtd 
of the land is always due to some violent 
agency like that of an earthquake. But 

although such sudden changes are more pictu- 

resque and striking 
than those which go 3urfa(t 

on silently and almost 
imperceptibly 
throughout the ages, 
it is to the latter that 
the changes in the con- 
formation of the 
earth’s sui’faee are 
mainly duo. The ut- 
most that an earth- 
quake can accomplish 
is to open a chasm in 
the ground, such as 
that which was filled 
up by the fabled devotion of the Roman hero, or 
that which more authentic history tells us to 
have been caused by the earthquake in the Neo 
Valley, in Japan, in 1891. But the silent forces 
which are over at work, raising the sea-bed here, 
aud lowering a whole continent there, are of far 
gieator importance to the student of geology, 
were not for them, indeed, the whole surface 
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may sink» which obviously 
has the same effect, incaus* 
ing the sea to retreat from 
the land. On the oth;v 
hand, if the dry land sub- 
sides, or if the sea-bed is 
raised, it is clear that in 
either case the result will 
be the same— an apparent 
rise in the level of the sea. 

Changes in the Sea- 
level. There is visible 
to the most casual observer 
a great deal of evidence 
that the l ivel of the sea has 
thus been actually changed 
during comparatively recent 
times. In the first plac.) we 
have the fact that the 
remains of organisms whicli 
can only live in sea- water 
arc found as fossils in rocks 
which are at present high 
above the level of the sea. 

Thus in Cuba a coral rccif 
ha ; been found at a height 
of more than 1,000 ft. 
above the sea-lovel, which 
clearly shows that tlie land lias there boon 
elevated to at least that extent. A very 
striking instance is afforded by the pillars 
of a Roman temple in the Bay of Naples. 
When these pillars were erected, 2,000 years ago, 
they stood, of course, on dry land. They stand 
on dry land now, but they are traversed by holes 
which were evidently burrowed by marine 
creatures at a time when they were covered by 
the sea to a depth of at least 20 ft. Thus it 
is evident that since the beginning of the 
Chri8*ian era the land at that particular spot 


has first sunk and then risen several yards. 

Puzzling Fossils. One of the pr blema 
which did most to perplex the early geologists 
was the occurrence of shells at ccnsidcrable 
heights above the sea-level. The most grotesque 
hypotheses were put forward to account for this. 
Some held that the sliclls had been deposited 
there by pilgrims who use 1 to w(^ar scallop shells 
in honour of the saints whom they visited ; others 
held that these shells represented the haunts of 
the primeval oystor-oater ; otliors took refuge 
in the supposition that the shells were not really 
shells at all, but were lusus 
nut line, or freaks with which 
Nature amused herself by 
imitating the products of 
the soa. We know now that 
wherever we find fossils of 
this kind they are simply a 
proof that the rock in 
which they occur at one 
litiu! formed part of an 
ancient sca-bed. 

Raised Beaches. 
Another very interesting 
proof of the gradual eleva- 
tion of the land is given by 
what are known as raised 
beaches. The 83a-bcach, or 
the space between the ex- 
tremes of high and low 
water, is a very familiar and 
recog. isable structure. It 
consists, as a rule, of sand, 
or gravel, with which are 
mingled shells and other 
remains of marine organ- 
isms. In many parts of th -) 
country these unmistakable 
platforms are nowadays 
1353 



By permmiOH of Mr, W. Latnmid Hmvie 

44 . PARALLEL ROADS OF GLEN ROY (Near View) 


QIOLOQY 


found raiflod high above the level of the Bea. to the level of the sea. Some doubt has been 
In many parts of Scotland, and on both sides thrownupon the universally satisfactory character 
of the English (yhannel, these raised beaches of this explanation, which we owe to Charles 

are to be seen. Alten Fjord, in Norway, is Darwin ; but it is practically certain that, in some 

surrounded by a series of raised beaches — cases, at least, the existence of coral reefs rising 
four or five terraces divided by intervals of many as sheer pinnacles out of the deep water of the 
feet, which mark successive levels of the sea Pacific can only be explained by the gradual 
during quiescent intervals in the motion of the subsidence of the sea bottom, 
land, which, on the whole, has been steadily rising. Living Proofs of Land Movements. 

The so-called parallel roads of (Jlen Poy [43 Other proofs of the gradual subsidence of the 
and «j arc similar lacustrine beaches, which, land are dtTived from tlie distribution of living 
however, owe their existence to an actual sub- plants and nnimals. Thus, it is fairly obvious 

sidcnce of the waters which formed them. As that our own island must at one time have been 

one gazes south\yard from tlie top of Hcigate joined by a strip of land to the continent of 
Hill over the district known as the Weald, i Europe, since no particular difference is found 
is easy to sup (^so that one is looking from the in either flora or fauna as we cross the Channel, 
top of an ancient sea cliff across what was Avhich, indeed, is only of geologically modern 
formerly an arm of the Knglish (channel, but origin. Its existence is soh^ly due to the sinking 
which the gradual rising of the land has claimed of the land and the conse(iuent invasion of the 
for the work of human cultivation. Again, the Norwegian fjords and many 

Where the Land has Sunk, Proofs of the Scottish and Irish vSea lochs present all 
that the land has sunk in some pla(!(‘s as wc‘ll as the characteristics of river valleys, or glens, 
risen in others an? not wanting. Wo do not whieli the sc;.! only entered long after they had 
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refer to the mere eating away of the land margins been carved out hy the running streams. In 
by the sea, such as is constantly occurring on the other words, the coast -lines on which such fjords 
east coast of this country- this is due to erosion and lochs occur hav(^ subsidtul since their forma- 
simply, and is dealt with in a subseqmmt tion. In many cases, also, the history of mankind, 
chapter — but there arc many places in which brief and almost evanescent though it is in com- 
tho remains of primeval forests are found sub- parison with the awful length of the great geo- 
merged heneath the sea. The) existence of logical record, affords proof of the subsidence of 
submarine coal-mines, such as are found off the coast-lines. On the coast of Sweden, IMImatia, 
oast coast of Scotland, wluu’c the workings fre- and ,lapjn— indeed, on almost all civilised 

quently extend far out beneath the sea, shows shores - ancient buildings arc now found below 

that the Avaters now roll over spots which were high-water mark. 

long ago covered with terrestrial vegetation. Unconformities. In not a few instances 

Not infrequently, in boring through the crust the study of the layers, or beds, in which the 
of the earth, the icmains of an<Ment forests are stratilied rocks are arranged show's that clova- • 
found, overlaid witli deposits of sand and mud, tion or subsidence of the land has taken place, 
and mingled with the fossil remains of marine Wo find, for example, that ancient beds, laid 
organisms which were evidently deposited by dowm by deposit from the sea in roughly hori- 
the sea. In making a new' dock at Harry, on the zontal planes, have thereafter been folded or con- 
Bristol Channel, clear proof was showui that the torted by movements of the crust [45], which will 

sea-level there had risen, or, in other wonls, the l»e explained later. In later ages, these folds, or 

land had sunk, by more than oO ft. The exist- contortions, have again been worn down by the 

once of coral reefs [see page .558] is asserted to erosion due to terrestrial agencies, until a com- 
afford another proof of the gradual subsidence paratively flat surface has been left, and upon 
of the land. The reef-building coral cannot live this flat surface fresh marine deposits have agaiti 
at a greater depth than about 150 ft. Yet in been laid in horizontal planes, beneath which the 
many eases the reefs which tht‘y build are found older strata arc found lying at many different 
to rise out of water very ivuch deeper than they angles. Where this phenomenon occurs it Is 
could possibly inhabit, so far as w^e know'. Tlie known as an xmamjnrmity^ and its existence 
obvious explanation of this fact is that the reef invariably shows that the land has once formed 
builders bepn tlieir work when the depth of part of an ancient sea bottom, has then been 
water at this spot was not greater than 150 ft. raised above the sea-level, ahd subjected to 
As they build upwards towards the surface, the atmospherical and similar agencies of denuda- 
sea-bed which served them as a base is supposed tion, and has then once more been submerged 
to bo slowly subsiding, so that their unwearied beneath the sea and covered by the deposit of 
labour is devoted to keeping their reef built up fresh layers. ^ 
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Cause of Secular Earth Movements. 

Having convinced ourrielves that the land 
does actually rise and fall through long ages, 
it remains to inciuirt^ why this should be the case. 
A little thought will enable ns to rcaeli a plausible 
answer, which has the further merit of being 
exactly true. If the earth were a solid body 
througliout, and unifonu in tempe rature, tlu re 
would be no reason why any part of its surface 
should change its position with regard to the. 
rest. The agencies of d'Uiiidatioii would Im* 
allowed to work their way with unchecked 
dominion, and the whole earth w ould ultimately 
be reduced to one dead level, whicJi the Avaters 
of the ocean would cover to a depth which was 
practicallv the same througliout. But, for- 
tunately for us, the earth is still alive, 'rhe fiery 
legacy of the lujbula from which it was cooled is 
still potent to preserve it from this threatening 
fate. The earth is still cooling, and in accord- 
ance wdth the law which affects practically all 
cooling bodies, as it loses heat it shrinks or 
contracts. But the rate of this contraction is 
not uniform. The outer layeis of tlu‘ crust 
remain, and have long remained, at a constant 
temperature ; eonseciuently, it is the inn<‘r por- 
tion, or heated nucleus, of the earth which 
continues to shrink, while the solid crust remains 


firm. 

The Earth in WrinKles. The result 
of this process is exactly tin* same as tliat wliich 
produces wrinkles on the skin of a withered apple 
146) or on ti»c face of an elderly woman. The 
central 8uV)stanee, as it shrinks, lcav(‘s the rind, 
or skin, or crust behind, and tlui latter, which 
sooner or later lacks the strength to hold its 
early form, is obliged to adapt itself to eircum* 
stances. This it docs in the case of the human 
face or the apple by wrinkling into folds ; and 
exactly the same thing takes place in the 
crust of the 
earth. The 
m o u n tain 
chains and 
V alleys, 
which form 
a prominent 
feature of the 
earth’s sur- 
fiice, were all 
caused in the 
fittft instance 
by the grad- 
ual folding 
of the earth’s 

SLATE FROM PENRHYN, SHOW- 

settloa down plane of cleavacje 

upon the 

shrinking core. This process is still going 
forw^ard, though, of course, at a much slower 
pace, and with much less marked effects 
than in the early days of the earth w'hen the 
Alps and Andes ana Himalayas were formed. 
It is this process of crumpling, or folding, in the 
earth’s crust which is able to account for the 
greater part of the upheavals and subsidences 
which the surface of the earth is known to have 
.undergone It might seem that the contraction 



of the earth is only competent to account for 
subsidence ; but a moment's thought will show 
that such a processof wi inkling, or distortion, as 
WT have described will give rise to subsidence 
in one place, and to upheaval in another. 

Further, other and ticeondary eaiuns, clockcly 
allied to the secular cooling of the earth, have 
been invoked to account for the local rising or 
falling of the land. If, for iiit tance, a portion 
of the underlying crust be exceptionally heated 

by the intru- 
sion of molten 
rock from 
below, as no 
doubt hap- 
pens at the 
birth of a new' 
volcano, it is 
reasonable to 
suppose that 
the explosion 
due to this 
heating may 
elevate a 
considerable 
tract of laud 
46. APPLE WRINKLED BY on tllO BUr- 

w'lTHEHiNU face. Con- 

versely, the 

contraction of a suhlerranean lake of molten 
lava, as it cools and hardens, may cause the 
ground immediately above it to subside — much 
as on a smaller scale wo know that the ground 
often subside. s over the working of mints, or the 
hollow strata from which salt has he'en pumped 
out in the form of brine. We are still very far 
from forming a clear and perfectly scientific idea 
of what actually go( s on in the low’cr regions of 
the earth's crust. But there can be very little 
doubt that the s 'cnlar inoveimmts of the earth's 
crust, whether of elevation or of sul).^idence, are 
intimately connected with the cooling and con- 
sequent shrinkage t)f the earth's heated interior. 

Chemical Action Underground. The 
last form of hypogene action which we have 
to eontiider is that which brings about actual 
ehang(S in the character or composition of the 
rooks in the gn^at subteiTaneaii laboratory where 
they were originally formed. The effects thus 
produced are mainly due to one or more of three 
causes — heat, prtssure, and solution. As a rule, 
more than one of thes- causes operates at the 
s line time. A rock may he influenced by heat 
and pressure and tlie action of w'ater all at the 
c.amc time, or by any two of them. Thus, it 
may be pointed out that raaible, w'hich is a 
crystalline linn stone, is duo to the heating of the 
ordinary calcareous rocks under pressure. If 
limestone be fiercely heated on the surface of the 
earth, we know that we shall imcceed only in 
driving off its carbonic acid gas, and leaving 
quicklime ; but experiment lias shown that if it 
bo heated under great projjsure, the limestone, 
instead of losing its carbonic acid gas, actually 
melts, and if it be allowed to cool slowly, it 
crystallises into marble. Under the pressure 
of strata, many thousands of feet in thick- 
ness, it is easy to see that the high temperatures 
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existing at such depths as these may have 
turned limestone into the existing deposits of 
marble. Again, the heat of the lower regions 
of the crust, or of vast intrusive masses of lava 
welling up towards the surface, may exercise a 
baking and hardening effect upon the sediment- 
ary rook with which they come in contact. 

Subterranean Water, The solvent 
power of water upon rooks is accordingly in- 
creased when the water is heated or contains 
various chemical agents, as is Undoubtedly the 
case in the lower regions of the earth’s crust. 
Thus, in certain cases great changes are produced 
in the structure of rocks by the removal of some 
of their original constituents, through solution 
in water, which carries them away, or by the 
deposit of other substances which the water had 
dissolved and broiight from another part of the 
crust, or by an actual chemical change in the 
minerals composing those rocks. The remark- 
able snake-liko rock known as serpentine has thus 
been produced from the original olivine. Limc- 
stono, which is very soluble in water, especially 
in the presence of carbonic acid gas. is often 
found to have boon replaced entirely by another 
mineral, such as silica, which betrays its origin 
by assuming the typical crystalline form of the 
original rocK, like what in popular language is 
called a petrification. 

Effects of Underground Pressure. 

The effect of the pressure of overlying 
strata upon rocks at great depths beneath the 
crust may be very considerable. It may 
roughly be considered that the pressure thus 
exerted upon a rock is about 1 ton to the square 
inch for ev^ery 1,500 feet of superincumbent 
strata. It is difficult to realise what far-reaching 
and tremendous effects such a pressure as exists 
at a depth of 100 miles must have upon the 
rocks. The strata at these depths are ruptured 
and dislocated, or consolidated into extra- 
ordinarily compact masses. The effect of pres- 
sure which we have specially to notice here is 
to produce the phenomena known as cleavage. 
It has been found by experiment that such a 
substance as beeswax, when subjected to a 
severe pressure, develops “ cleavage ifianes,” 
along which it can readily be split into a series 
of thin plates. Many rocks are found to have 
developed similar cleavage planes under the 
severe pressure which they have undergone at a 


depth of some miles beneath the surface of the 
earth. Slates, whiefi^ owe their commercial 
value to the readiness with which they can be 
split into thin plates along their cleavage planes 
[47 1, afford an excellent instance. Originally, they 
consisted of hardened clay, which no doubt 
presented the ordinary strata, or bedding planes, 
which characterise all sedimentary rocks. The 
cleavage planes which have boon induced by 
pressure have supci'scdod these planes in the 
altered strata, and, as a rule, run in quite a 
different direction from them, showing that 
they have bc(m ijroduced by pressure acting at 
the ends of the planes of stratification and at 
right angles to them. The phenomena of 
cleavage are largely duo to a molecular rearrange- 
ment of tlie minute particles of the rock, which all 
tend to turn th(‘ir longer axes perpendicular to the 
direction of pressure, much as may be observed 
with dates or raisins which have been pressed 
into a solid lump. The fossils which are some- 
times found in rooks which have undergone 
cleavage confirm this view by showing that they 
have boon greatly distorted from their origins 
shapes 

Making of Coal. One of the most im- 
portant processes carried out in the great sub- 
terranean laboratory, from a human point of 
view, is the conversion of vegetable substance 
into coal, ff'his takes place, as a rule, when the 
vegetable substance is exposed to the action of 
water at a temperature and under a pressure 
considerably greater than those which obtain 
at the surface. Under these conditions, the gases 
are gradually driven off from the vegetable 
matter, and the proportion of carbon thus 
increases until, after passing through the various 
stages of peat, lignite, and bituminous coal, it 
ultimately reaches the condition of anthracite, 
or even of graphite, which is practically pure 
carbon. 

It should here be added that subterranean 
water frequently contains minerals which serve 
as a cement for the loose grains of sand or gravel 
through which it percolates. Carbonate of lime, 
silica, and some iron oxides are the principal com- 
ponents of these cements, to which a large 
number of • rocks of sedimentary origin now 
owe their consistency. ‘ Conglomerate, or 
pudding-stone, breccia, and various sanc^temes, 
afford instances of this. 
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Alternating Currents. Electric currents 
supplied from a battery are described as con- 
tinuous currents because they flow continuously 
in one direction around the circuit. But 
there is another kind of .electric current, 
which has the property that, instead of flowing, 
in one direction along the conducting wire, it is 
continually flowing backward and forward in 
rapid alternations of directions. Such currents 
might be called oscillatory or undulatory ; 
but the accepted name for them is alternatiruj 
currents. They are much used for long-distance 
transmission work. A part of the City of London 
is supplied with electric energy from a generating- 
station at Bow, five miles away. The current 
is at one instant flowing between Bow and 
London ; at the next instant it stops, and then 
reverses in its direction ; then stops, and 
reverses again, and flows in the original direction, 
and so on in rapid .succession, reversing actually 
100 times a second. Two such reversals con- 
stitute one cf/clet and the time occupied by 
one cycle is called one period. So that in this 
case there is a frequency of 50 cycles per second, 
or the period of the current is ^ of a second. 
hVequencies of 100 cycles per sccopd were 
formerly used for electric lighting, but a fre- 
quency of 50 is now preferred ; while for special 
power-plant (as at Niagara) the lower frequency 
of 26 cycles per second is adopted. 

Alternating VoIt« 
age. In order to 
cause the current to rush 
forwards and backwards 
50 times a second it is 
clear that the electromo- 
tive force which is applied 
to generate the current 
q&ust itself be alternating 
l^ith the same frequency 
—in each second there 
must be 100 electromo- 
jtivo impulses, 50 of them 77. magnet- wheel, 
tending to drive the 8 -pole 

ciirront forward, and 50 

o| them tending to drive it back. How shall 

S iip be accomplished with so great a rapidity ? 

bw can the revolutions of a steam-engine set 
up such rapid alternations ? 



,, Alternating Induction. On page 949, 
bn the discoveries of Faraday, we described the 
induotive effect of pimping the polo of a magnet 
into a coil of wire, it was pointed out that 
yhen the pole is plunged in there is a current 
induced in the coil, Mid that when the pole is 
bulled out there is a reverse current induced 
in the colt It is clear that if we could push in 
; imd ptd) that pole 60 times a second we 


should generate alternating currents having 
a corresponding frequency. But it is not 
necessary that the magnet -pole should enter 
the coil. As pointed out in that chapter, all 
that is necessary is that there should be relative 
movement of the conducting co})per wire and 
th<i magnet -pole, so that the magnetic lines of 
the pole shall be “ cut ” by the copper con- 
ductors. Consider, then, how we might design 
a machine to be driven by a steam-engine that 
would give us this rapid alternating induction 
of voltage. Suppose a number of electromag- 
nets to ho fixed upon the rim of a steel wheel, 

with their poles 
pointing out- 
wards, as in 77, 
and so arranged 
that those poles 
shall be alter- 
nately north poles 
and south poles. 
Then let a coil (P) 
of insulated wire 
be wound upon a 
suitable core (built 
up of iron plates) 
and fixed opposite 
78. ALTERNATOR, 8 -POLE one of the magnet - 

poles. (It is as- 
sumed that the electromagnets fixed on the 
wheel can be kept magnetised, as described 
hereafter.) Then, if the magnet-wheel is 
revolved, as its poles flypast the fixed coil there 
will bo induced in the coil a succession of 
electromotive impulses that tend to set up 
alternating currents. For while a north pole is 
coming up, the induction will act one way 
round the coil, and while the north pole is 
retreating and a south pole is coming up, the 
induction will act the other way round the 
circuit. 

Frequency and Number of Poles. 

F’ig. 77 represents the magnet- wheel as having 
eight poles — that is, four norths and four souths. 
In one revolution it will, therefore, induce eight 
alternations or four complete cycles. If a 
frequency of 50 cycles per second is wanted, the 
wheel must be driven at a speed of 12J revolu- 
tions per second or 760 revolutions per minute. 
If the wheel had had only four poles it 
would have needed to be driven at 1,500 
revolutions per minute to give the standard 
frequency of 60 cycles per second. If " 
were compelled to use a slow-speed steam- 
engine making only 150 revolutions per 
minute, the magnet-wheel would reouire 40 
poles, following table shows the rela-' 

tion. 
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Engine-speeds for a FREQX^ENry of 50 Cycles 
PER Second 


No. of 

Cycles per 

Revs, per 

Ile\8. per 

Poles. 

itev. 

.Sec. 

Mill. 

2 

1 

50 

3,0(K) 

4 

u 

25 

J,50(. 

6 

3 

16:^ 

1,000 

8 

4 

m 

750 

10 

5 

j(» 

(kX) 

12 

(i 

SJ 

500 

20 

10 

5 

;UH) 

30 

15 

•b; 

200 

40 

20 

2*. 

150 

60 

30 

li 

100 


Such high speeds tis 1,(XK) revolutions per 
minute or more are suitable only for steam-tur- 
bine driving. The frequency (/) can bo ealculattxl 
from the revolutions per minute by dividing the 
latter by 60 and tlum multiplying by the 
number of 'fxiirs of ])olcs. Thus, a lO-pole 
machine running at 720 nivolutions pi>r minute 
will give a frequency of 60 cycles f)er second. 

Armatures for Alternating Gene« 
rators* When it is desired to generate high 
voltages, not only must the magnet -poles be 
such as to furnish an |adc(|uate tlux of mag- 
net’c linos, but there must be a sufficiently 
large number of turns of copper wire in the 
coils that arc to be acted on inductively by the 
revolving poles. In 77, only one coil is shown. 
But if, as in 78, tliere are provided as many 
coils as there are poles, and if the coils are so 
spaced out that at the instant when one of them 
is opposite a pole all the others are also opposite 
the respective poles, then they will all work 
together, and may be conneotijd up into series 
as one winding. Such a group of connected 
coils, together with the laminated iron cores on 
which they are wound, and the frame in which 
they are held, will be called the armature of the 
mctchino. As it usually stands still, such an 
armature is also called a stator. 'Pho coils must 
be 80 joined up that the currents circulate. 

Alternators. The entire machine, con- 
sisting of field-magnet and armature, is called an 
aUermting current generator^ or alternator. We 
have seen that it may be regarded as evolved 
from Faraday’s original a])paratu8. It is made 
in many sizes, from the little tnagneto ringers 
used in telephone work for ringing the calling-up 
hells to huge generators 20 or 30 feet in diameter, 
requiring thousands of horse-power to drive 
them. 

It is easy to calculate out from the constructive 
data of a machine, and the speed at which it is 
driven, the voltage at which it works ; for the 
voltage it generates is proportional to its speed, 
to the number of its poles, to the number of 
coils in series on its armature, and to the flux of 
ma|;netism in any of its poles. Tne formula by 
which to calculate the voltage is 

^ = A;x/xSxN-4-10'^ 

the number of lines in the flux from 
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any one pule, S the number of spirals or turns 
in series with one* another in any fiircuit of the 
armature, / the frequency, k a coefficient 
depending on the shape of poles and distribution 
of the windings {k is usually of tins value 2 2), 
K the voltage of the alternator, and 10^ is tlu^ 
numerical factor to reduce to volts, because, 
as explained on page 1324, to create one volt 
there must be 100,000,000 magnetic lines cut 
per second. 

As an example, suppose tlr’s 8- pole alternator 
[78] to run at 750 revolutions per minute, 
and to have 36 turns on each of the eight 
armature coils, and 3.J millions of lines as its 
pole-flux. As each of the eight coils has 36 turns, 
8 will equal 288. If it run at 750 revolutions 
per mimito, this is 12J revolutions per second, 
and with four j)airH of poles in the circumference 
the frequency will obviously be 50 cycles per 
second. Then, taking k ^ 2 ’2, we have ; 

E -r 2-2 X 50 X 288 x 3,500,000 -4- 100,000,000. 
or, working the arithmetic, 

E - 1,103 volts. 

Types of Alternators. There are 
three leading types of alternators - namely, (A) 
small machines, having stationary field-magnets, 
res.^mbling the field-magnets of multipolar 
dynamos, and with revolving armatures; (B) 
large machines, with revolving magnet-wheels 
(as in 78) and slatio ary armatures ; (C) high- 
speed machines, for steam-turbine driving, 
having external stationary armatures and 
internally revolving field magnet systems of 
peculiar construction. Tnere is yet another 
type, not much seen now, in which the armature 
stands still, and the magnetising coils of the 
field-magnet also stand still, the only thing that 
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revolves being masses of iron fastened to a shaft, the foundation wheel ; and this is often made of 
and which, being magnetised, act inductively. immense thickness to serve also as a fly-wheel. 
These are called inductor alternators. Fig. 80 shows such a magnet- wheel separately. 

Alternators of the A type, with revolving To magnetise the poles, the projecting iroi 

armatures, require sliding contacts to connect cores arc wound with massive coils, upually 

the revolving coils to the external circuit. composed of copper strip about 1 in. broad ami 

These sliding contacts are made by connecting in. thick, wound edge-wise. The magnetising 
the ends of the armature winding to insulated current must be brought from a continuous 

metal rings (known as slip-rings) fixed on the current machine, called an exciter ; and, as it 

shaft. Against these metal rings press collecting must be brought (o the revolving structure, 

brushes of metal or carbon. Any single-eirciiit sliding contacts are necessary, two slip-rings 

alternator of this typo will require two sueli being fixed on the shaft to receive the exciting 

slip-rings. But there are machines with three currc'nt from the contact-brushes and to convey 

circuits, called three-phase alternators, which it to the magnetising windings. These slip- 

require three slip-rings, and two-phase alter- rings are seen in 80 ready to o(' flxed upon the 

nators with four slip-rings, as 79. Owing to the shaft. 

difficulty of satisfactory insulation of revolving A smaller magnet-wheel with eight poles is 
windings, if high voltages an; required it is shown in 81 ; it has the slip-rings attached, and 

much preferable to employ machines of tlie B .shows their connection to the exciting coils on 

type, with stationary armatures. the poles. 

Revolving Magnet - wheels. As we Stationary Armatures. The stationary 
have seen, these structures present a set of armatur(‘s of large slow-speed alternators are 

radiating poles. The pole-eort'S are somctim(‘S well ilhistratc'd i)y 82, which ivpn'sents an 

of solid steel, sometimes built up of steel stamp- armature just completed in tlie factory. The 

ings, but, in any ease, they must be stoutly rorc-6orf/y is a great ring built up of thin stampings 

secured by dovetails or by bolts to the rim of of soft steel or iron, fix<^d in a strong east-iron 

housing. The coils, previously 
shaped on wooden formers, 
arc inserted in slots in the 
peripheral face of the core, 
and arc fixed in with wooden 
wedge s. When the magnet- 
wheel is in its place, and 
revolving, the magnetic 
fluxes from its poles sweep 
past these coils and induce 
electromotive forces in them. 
One of tlie largest of such 
machines yet made is of 
8,000- hor.se power, running 
at 75 rcvoluf ions per minute, 
in the Manhattan station at 
New Y ork. 1 1 is about 30 ft . 
in diameter. But smaller 
machines of greater power for 
driving with steam turbines 
at high speeds have been 
built. Thes3 will he de- 
scribed in a later article. 

Wave«form of Alter- 
nating Impulses. Con- 
sider, in detail, how an 
alternating electromotive 
force, or an alternating cur- 
rent, varies within one cycle. 
The impulse begins, it in- 
creases in strength up to a 
maximum, then it dies away 
to zero, reverses, increases (in 
the opposite direction) to a 
negative maximum, and 
tinally dies away to zero, to 
begin a new cycle. If we 
divide the period of one cycle 
into quarters, we see that if 
the operation in .symmetrical 
the two maxima— positive 

80. SIXTY-POLE MAGNET-WHEEL OF ALTERNATOR. (Dick, Kerr & Co.) and ricgative—will occur at 
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the end of the first and third quarters. To 
represent such variation in detail, it is usual to 
depict them graphically in a wave-diagram, such 
08 S 3 (a), in which the horizontal measurement 
from left to right represents an ever-increasing 
'time, and the vertical height above or below the 
level line represents the particular value of the 
impulse from instant to instant. 

Fig. 83 (a) represents the impulse as going 
rather suddenly to its maxima, wliioh are in the 
form of peaks. The sliape of tlie curve which 
represents the periodic variations in the induced 
voltage is called the wave-form of the alternator. 
If the coils of the armature have a span equal 
to the polo- pitch, and ar(‘ ccmcc nt rated in narrow 
slots in a core of smooth periphery, the wave- 
form of the alternator will d(‘pend only on the 
shape of the magnet- poles. Tf tln^sc arc pointed, 
the wave-form will be peaky ; if they are broad 
and blunt [83 {a)] the wave-form will be rounded, 
orrounded with flat tops. Narrow poles generally 
cause |)caky waves. Wide slots in the periphery 
of the armature core cause distortions that show 


current in the wire ; that the inertia, tliermal 
and mechanical, of the instrument averages 
these squares 5 and that the dial is so constructed 
as to read in proportion to the square roots of the 
mean expansion. It may be remarked that in 
an alternating hot-wire amperemeter the point 
on the scale marked “ 10 amperes ” rmisi be that 
point to which the pointer goes when the wire is 
heated by 10 actual amperes going through it. 
And if an alternating current is sent thpough it 
of such a strength that it also sends the pointer 
to the same spot — that is, heats the wire to the 
same extent — such a current is virtually 10 
amperes, and ought to be called so, though it will 
be varying between 0 and 14 amperes or so one 
>vay or the other. The value which instruments 
read is tlierefore called the mrtual value ; tho 
adjective virtual (French efpcace) meaning the 
“ quadratic mean.” 

A numerical example will make things plainer. 
Suppose that a current varies between maxima 
of 0 and - 0 amperes. What is its virtual 
value ? Tf 84 reprt'sent its wave-form, and if 


themselves as ripples on 
the outline of the wave- 
form. Thus 83 (e) is the 
M'avc-form of tlie alternat- 
ing voltage supplied to 
the town of Carlsruhc. 

Virtual Value of 
an Alternating Volt- 
age. Suppose an alter- 
nating voltage to vary 
during the period from 0 
up to -f 200 volts, then 
back to 0, then to - 200 
volts finally hack to 0, 
what will be its working 
value as a voltage ? It 
will not do to lake the 
mean or average in the 
ordinary sense, for the 
average taken from the 
beginning to the end of 



w'c divide the period into 
12 equal parts, we shall 
find that we may repre- 
sent the successive values 
in one cycle as follows : 

0 + 3 f 5-f6-f 54- 3 + 0 

-3-5-6-^6-3-0. 
Now write down the 
squares of these num- 
bers ; 

0 I 9 +25 +36 +25 +3 
+ 0 1 9 + 25 + 36 4- 25 
4- 9 + 0. 

Tho sum of these 
s(piarcs is 208, and divid- 
ing by 12 gives us as tho 
mean 17*33. Take tho 
square root of 17*33 and 
we get as the quadratic 
mean, or virtual value. 


the period is clearly zero. Neither will it do to 
take the average during half a period. What- 
ever value IS the right one, it will be clearly 
more than 0, and less than 200 ; it will be 
something bctw<‘cn the greatest and least, 
values. And the value will cUuirly depend 
on the question whether the curve rose/ ih a 
peaky way, or in a round-shouldered way toward 
its maximum. A clue to the correct answer to 
the question may be found by inquiring how tho 
instruments used as voltmeters and ampere- 
meters for an alternating supply are eonstructc^d. 
If they arc examined, it will be found that thCy 
indicate a special kind of mean of their own, 
whioh is neither an arithmetical nor a geomot- 
rioal mean, but is a quadratic mean ; or, in other 
words, they indicate the square root of tho mean 
of the squares of all tho values. It is impossible 
in the short space available to go fully into this. 
But, for example, it may be summarily pointed 
' but that in those amporemoters and voltmeters 
Which work on the principle of the expansion 
of a hot wire, the heat at every instant imparted 
VtO tho wire is proportional to the square of the 
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4*16. That is to say, this is an alternating 
current of 4*16 virtual amperes. 

Virtual and Maximum Values for a 
Smooth Wave-form, Suppose the varia- 
tions of an alternating voltage or current to follow 
a smooth ivave-fornt md by this we mean, in 
mathematical language, that they vary as a/ 
sine-function of the time — then the virtual value 
will bo 70*7 per cent, of the maximum, or the,;, 
maximum will be 141*4 per cent, of the mesn/ v 
Thus, if a voltmeter reads 100 virtual voltSi > 
shall know that tho voltage is actually varying | 
between 4- 141*4 and - 141*4 volts. Or u iti;' 
read 30 volts, we shall know that the value is ■ 
really varying between 4- 42*42 and - 42*42 
volts. If the wavo-form be not smooth, the 
maxima will have some other ratio to the 
virtual value. 

Closely connected with this point is the value 
of the coefficient k that comes in in the design 
of alternators. If the alternator is so designed 
that it gives a smooth wave-form, the value of h 
will be 2*22. If it is designed to give a more 
sloping curve, the value of k will be less, or if a 



82. STATI0I7ABY ARMATURE OF 40-POLE ALTERNATOR, 2,000-HORSB POWER, UNDER CONSTRUCTION 
IN THE WORKSHOPS OF MESSRS. DIC?K, KERR & CO., PRESTON 


1361 




■LIOTItlOITV 


more high-shouldered curve, the value of k will 
be greater. 

Lag and Lead. Every olcctric current 
is an effect of which the voltage applied to the 
circuit is the cause. If the voltage is an alter- 
nating one, it follows that the resulting current 
will he an alternating current and that it will 
have the same frecjuency as the voltage which 
causes it. But there is this difference: that the 
resulting alternating current may not follow 
the alternating voltage in all its details, nor 
does it always keep in exaet. step with it. The 



83 . WAVE-FORMS OF AETEUNATINJ} VOJ.TAOES 


wave-form of (he current may differ from that 
of the voltage, being modifietl by reactions due 
to apparatus in the circuit. This point need 
not trouble us. But of immense importance, is 
the circumstance that the current will not 
necessarily keep stop with the voltage. For 
it happens in alnuist every actual circuit in 
which alternating currents arc used that th<^ 
current lags a little with respect to the voltage. 
Let us understand what this means and why it 
occurs. 

Fig. 86 depicts two alternating curves, marked 
V and C. If we look at the length on the time- 
lino we see that the duration of the period of the 
C curve is the same as that of the V curve ; but 
they do not begin together, they do not roach 
their top values together, they do not both die 
down to zero at the same instant. In fact. 
the^C curve lags a little behind the V curve ; and 
the* amount that the i) curve is shifted to the 
right with respect to the V curve marks the 
amount, in time, that one lags behind the other. 
This is a typical illustration of the way that the 
curf-ent C habitually lags behind the voltage 
V. The circumstance under which such a lag 
of the current occurs is whenever the circuit 
contains any coils that will magnetise. If any 
oleetromagnet, or any coil wound round an iron 
core, is inserted in the circuit, then the current 
on its way round the circuit must necessarily 
do some magnetising. While the current rises, 
the magnetism must grow ; while the current is 
dying away, the magnetism must die. This 
growth and dying of the magnetism in the cireiiit 
itself set up self-inductive reactions, with the 
result that the current cannot grow up as quickly 
or as appn as it otherwise would do, and cannot 
decreailjor die away as quickly or as soon as it 


otherwise would die. So it is compelled to lag. 
In other words, the lag of current is due to the 
self-induction in the magnetising coils in the 
circuit ; and the self-induction not only causes 
the current to lag in time, but it is actually 
choked in amount : it cannot rise to so high 
a maximum as it otherwise would attain to if it 
w'ere governed by the mere resistance of the 
circuit. 

As a matter of fact, there is another case 
where the current is forced to occur earlier — that 
is, \olead instead of to lag. This occurs when a 
condenser, or anything else having electro- 
static capacity, is introduced into the circuit ; 
but this is not the place to enter on this question. 


Difference of Phase. There is another 
way of regarding this question of lag. The 
amount by which the current lags behind the 
voltage is a small fraction of the whole time 
of one period ; and for certain purposes it is 
more convenient to think of it as a fraction 
of the period. No (uirrcnt can be so much 
retarded by self-induction as to lag as much 
as one- quarter of the wliole period. Now, as 
the periods of alternation recur in regular 
siicccKsion, like the revolutions of a uniformly 
revolving wheel, it is found to be a convenient 
way of describing the amount of a lag to say 
to how many d(‘gr(‘es of an angle it would 
correspond. For example, suppose the frequemjy 
to be 50 cycles per second. Then one period 
lasts .^7 of one second. Now suppose the current 
were caused to lag, say, of a second behind 
the voltage -that is, of a whole period. 
If w’o regard one period as a revolution once 
round a circle, or 300'', then of this is 30", 
and we might describe that current as having a 
30" lag. As remarked above, the current can 

inwer lag more 
than 90", that is 
I piTiod, behind 
its voltage.. 

Now, this me- 
thod of employing 
the language of 
angular measure- 
ment to describe 
a lag is convenient 
for another pur- 
pose— namely, to 
describe any difference of phase that there may 
be between two alternating currents. Suppose 
an alternalor, such as 77, to bo constructed with 
two indei)endent coils, marked P and Q in 88, 
each wound in a pair of slots in the armature 
core ; but let the slots be displaced, so that 
coil Q is fixed a little further to the right than 
coil P. Clearly, as the magnet-wheel revolves, 
it will set up two alternating voltages in theso 
two coils, and if the coils have the same number 
of turns they will be equal, and certainly of the 
same frequency. But the voltage in Q will occur 
a little later than that in P, simply because Q 
is a little further on. So here we shall have the 
generation of two equal alternating voltages 
having a difference of phase between them. 
And this phase difference can be expressed also 
as an angle. For if Q is displaced from P by 
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an amount equal, say, to one-third of the trigonometrical terms will find the following 
pitch from one north pole to the next north simple table useful : 
pole, as measured round the periphery of the 
armature face, then the Q voltage will lag one- 
third of a whole period behind the P voltage, 
or there will be a dilferenee of phase of PiO"" 
between the P voltage and the Q voltage. 

Two-phase. If, as in 86, the Q coils are 
displaced exactly one-half of the pole-pitch 
from the P coils, then the ditference of phase 
between the P voltage and the Q voltage will 
bo one-quarter of a period. Any alternator 
wound with two independent sets of coils in 
two phases that are thus one- quarter of a 
jKjriod apart, is called in Europe a tivo-phoftp 
machine. 

Three-phase. It may be remarked here 
that one might build an alternator Avith several 
d'tTerent sets of coils, say, a P set, a Q set. 
and an R set, each displaced beyond the other 
so as to give rise to three separate voltages 
that differed successively in phase from one 
another. The w^ell-known three-phase system 
of currents is nothing more or less than a 
system of three separate alternating currtuits 
which are in this way made to differ from one 
another in phase by suece^ssivc angles 
of 120‘\ We reserve this system for 
a future article, the present one not 
going beyond single -phase working. 

Power-factor. Returning to the 
lag of a current b(diind its own 
voltage, we come to a point of vital 
importance in connection with the 
power of alternators. When a current 
lags and gets out of phase with its 
own voltage, then jiist so far as it 
gets out of phase it ceases to be 

effective. For the power [see p. 292] lag between VOLTAGE AND CURRENT 

which it conveys is the product of the 

volts and the amperes only so far as they act done will not be 300, because only a component 

together. We come here upon a strict analogy of the force is in the line of movement. Tlie 

with a most impoitant principle in mechanics— true amount is found by multiplying the 300 by 

namely, that the work done by a force in the cosine of 40'\ namely, 0*76(1, making the 

producing a movement— usually stated as the true amount of work done 300 x 0*766 - 229*8 

simple product (in foot-pounds) of the force foot-pounds. 

into the distance through which the body In the same w'ay, if a current is out of phase 
has moved — is not ,, with its voltage, the true power in wattH [see 

p. 2921 will be less than the number of volt- 
amperes of apparent power ; and the true waits 
can be calculated by multiplying the volt- 
amperes by the cosine of the angle of lag. 

Thus, for example, let a current of 20 (virtual) 
amperes be sent round a circuit by an electro- 
motive force of 100 (virtual) volts, and suppose 
that the current lags by 30°, then the apparent 
power is 2,(XK) volt -amperes. But since the 
cosine of 30° is 0*866, the true power is only 
1,732 watts. 

We may put this into a rule as follows .• 

pounds ; it will be less than that product. The True power = volts x amperes x power-factor, 

true amount of work can be calculated, as every It is for this reason that the cosine of the 

student of dynamics knows, by multiplying the angle of lag is usually termed the power factor. 
apparent number of foot-pounds by the cosine of The usual lags occurring in practice are : For 
the angle [see Tbioonombtry, in Mathematics] incandescent lighting, 16*^ to 20° ; mixed arc 
between the direction of the force and the lino and incandescent lighting, 30°; induction motors, 
of movement. Those who are unfamiliar with large, 36° ; induction motors, small and not 


true unless the 
force and the re- 
sulting movement 
are in the same line. 
If the movement 
is constrained and 
takes place in 
some direction at 
an angle with the 
force, then the 
work done is no 
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longer the product coils in 

of flie feet and the two phases 


TWO PHASES 



Anglo 

Cosine of 
Angle 

Power- 
factor, in 
pereen- 

Sine 

of Angle 

Idle Cur- 
rent, In 
Perce 11- 



tage« 


tages 

O' 

1 

100 

0 

0 

5“ 

0*0962 

99*62 

0*0872 

8*72 

10" 

0*9848 

98*48 

0*1737 

17*37 

l.'i" 

0*9659 

96*59 

0*2588 

25*88 

20' 

0*9397 

93*97 

0*3420 

34*20 

2.'>" 

0*9063 

90*63 

0*42*26 

42*26 

30' 

0*8660 

86*60 

(»*5000 

50*00 

3.'i' 

0*8190 

81*90 

I 0*5736 

57*36 

40’ 

0-7660 

76-60 

i 0-6428 

64*28 

4.'i‘* 

! 0*7071 

70-71 

1 0-7071 

70-71 

50" 

0*64*28 

64-28 

0*7660 

76*60 

5f»" 

0*5736 

57-36 

0*8190 

81*90. 

00" 

0*5000 

50-00 

0*8660 

80*60 

05" 

0*4226 

4*-*26 

0*9063 

i 90*63 

70° I 

0*3420 

34-20 

0*9397 

93*97 

75° 1 

0*2588 

25-88 

0*9659 

96*59 

SO" 1 

0*1737 

17*37 

0*9848 

98*48 

85° ! 

0*0872 

8-72 

0*9962 

99*02 

ttO* i 

0*000 

0-00 1 

lOOO 

100 


Thus, if a force equal to the weight of 50 
pounds, acting obliquely at an angle of 40° with 
the line of niovemenl, produce.s a movement 
of 6 feet, the number of foot-pounds of work 
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well loaded, 55*^ to 60® ; choking coils, 95® ; 
synchronous converters, 0® to 10®. 

Idle Component. Wattless Current. 

So far as the current is out of phase with its 
voltage, so far it is unable to be productive 
of useful work or to convoy power. To 
understand this wo may again resort to the 
analogy afforded by the similar case in dynamics. 
It is a well-known principle that a force does no 
work, spends no energy, if it acts at right angles 
to the line of movement. No power or energy 
is required to deflect a bullet from its path, 
provided the deflecting force acta always at 
right angles to that path. The earth exercises 
an attractive force On the moon to keep it ^ 
in its orbit, but expends no power or energy 
on doing so Inaiause the direction of the force 
i.s in quadrature with the direction of the motion. 
An oblique force can always be regarded as 
resolvable into two components, one in line 
with the motion (this is the working (;omj)onent), 
the other at right angles to the 
motion (this is an idle com- 
ponent). So with the alternating current. We 
may consider it, in fact, as if resolvtd into tw’o 
<;ompononts, ono o + 3 + 5 + 0 

component m y o + 10 -i- 17 + 20 

&ge"thoother +’20 

component at right angles (in the sense of 90® of 
lag) to the voltage. The formcn* is the working 
component of the current, being the component 
that possesses the power, and proportional to 
the cosine of the angle of lag. The latter is the 
idle component, or wattless component of the 
current, 'which conveys no energy because of 
its being in quadrature with the voltage. It is 
proportional to the sine of the angle of lag. The 
two last columns of the table give the corre- 
Bponding _3 ^ ^ 3 

0 + 10 + 17 
0 0 + 51 


each component, add the sauates and take 
the square root, we obtain the value of the 
whole current : (10)^ == 100 ; (17*32)'^ « 300 ; 
100 X 300 = 400 ; and ^400 ^ 20, as before. 
Any purely magnetising current is an 
idle one, having a power-factor practically 
zero. 

Mean Power of Alternating Currant* 

As the power at any instant is the pro- 
duct of volts and amperes at that instimt, 
wo can find the mean power by averaging a 
set of the instantaneous piquets. For 
example, lot the current during one cycle have 
the values : 

+ 3 -1-5 -h6 +5 -f3 0-3 -5 -6 -5 -3 0 

We have seen above that the virtual value 
of thi.s current will be 4 TO amperes. Now 
suppose the voltage to vary between maxima 
of -1- 20 and - 20 volts in the following cycle, 
the virtual value being 14T : 

+ 20 +17 4- 10 0 -10 -17 -20 -17 -10 0 

Write them down one below the other, and put 
the products at each instant underneath, thus: 

+ 5 + 3 0-3-5 - 6-5-3 0 

+ 17 + 10 0 - 10 - 17 - 20 - 17 - 10 0 

+ 85 + 30 0 + 30 4 85 + 120 + 85 +30 0 

Adding up the products we get 700, and, divid- 
ing by 12 to take the average, we find the mean 
product to be 58J w^atts. I^is practically agrees 
with the volt-amperes ; for4T6 x 14T = 58*6 

Now, if we suppose a lag of the current to 
take place, we must shift the numbers on 
accordingly. Suppose there is a lag of 30®. 
This means that the current figures must all be 
shifted on by one-twelfth of a cycle — that is, one 
place out of the twelve, thus : 


values. I f 
we take 
as illus- 
tration the same 


V 

CxV 


+ 5+6 

+20+17 

I 100 + 102 


+ 5+3 0 - 3 - 5 

+ 10 0 - 10 - 17 - 20 

+ 50 0 0 + 51 + 100 


- 6-5-3 

- 17-10 0 

+ 102 + 50 0 


case as before of a current 
of 20 amperes lagging 30® in phase behind 
its voltage, we see, by reference to the table, 
that the sine of 30® is 0 5, and, therefore, 
that there will bo 50 per cent, of idle current ; 
that is, though the current is 20 amperes it 
acts as though 10 amperes were idle or 
wattless. In fact, the two components 

into which the current is split up are pro- 
portional, one to the sine, the other to the 
cosine of the angle : the working component 
is 20 X 0*866 = 17*32 amperes ; the idle com- 
ponent is 20 X 0‘5 = 10 amperes. If we square 


Adding up and dividing by 12 as before, we now 
find the mean power to bo only 51 watte. But 
this agrees with what was said above ; for to find 
the true watts we must multiply the volt-amperes 
by the power-factor, which is the cosine of the 
angle of lag. Now the cosine of 30^ = 0*8^6. 
And 4*16 X 14T x 0*866 =50*8 which is 
tically the same as that deduced by ay^aging." 

Anyone who doubts that, when the la|^ 
there is wo power, should verify it by shUth^ 
the current figures till the maximum 
opposite the zero of the volt series; andv^<eh 
form the products and take th.e mean. 


The Alternator condtded 



1 ,i.rsrt=rr:: 

Group 13 

IRELAND 

GEOGRAPHY 

Physical Features of the Country. Poverty of its Inhabitants. Ulster and 

10 

its Industries. Dublin. Cork. Kerry Mountains and Lakes of KiiLrney 

Continual from 
piige iV77 


By Dr. A. J. HERBERTSON, M.A. and F. D. HERBERTSON, B.A. 


What the Country is like. In con- 
figuration Ireland is not unlike a plate, with a 
rim of mountains dipping down to a flat centre. 
On the east the rim is missing and the Midland 
Plain extends to the sea. Partly, perhaps, be- 
cause of this arrangement of high and low land, 
much of Ireland is boggy, and lakes are numer- 
ous. A bog is something between land and 
water, made half -solid by dense, matted vegeta- 
tion, which is cut and dried to form peat or 
turf. As there is hardly any coal in TreLand, pi'at 
forms the only cheap fuel. When bogs occur 
on hillsides the weight of water occasionally 
loosens their foundations, and a bog slide causes 
widespread ruin. In the plain many have been 
drained, and then the land, as in the English fens, 
is generally fertile. Ireland is neither thickly 
populated nor particularly populous. Owing 
to the absence of coal there is 
only one great industrial centre. 

The wet climate is not well 
suitedfor agriculture, but oats, 
barley, and potatoes are grown, 
the barley being distilled into 
Irish whisky. The rains keep 
its meadows luxuriantly green, 
giving th6 country the name of 
the Emerald Isle. Dairy farm- 
ing and stock raising in the 
lowlands provide butter, bacon, 
poultry, and eggs for export, 
in the highlands the soil is 
scanty and of poor quality, the 
climate wet and raw, and the 
struggle for existence very 
hard. A whole family, with its 
few domestic animals, is often 
crowded into a cottage of one 
room, standing in the midst of 
a neglected and barren moor- 
land croft. In many districts Irish is still spoken. 
From these congested western districts the more 
C^))able emigrate in large numbers across the 
Adantic, which seems to offer a natural highway 
to a land of greater plenty. 

,The Four Provinces. Ireland is divided 
UitO Ulster in the north, the most prosperous 
region, with a large population of Scottish and 
Pi^testant descent ; Leinster in the south-east, 
Munster in the south-west, and Connaught in the 
trest. It is also divided into 32 counties. 

Mountaino and Lowlands. Northern 
ir^nd. North of lat. 54^ Ireland is moun- 
toinotts. The hi^lands are not continuous, as 
in 3ootland or Northern England, but broken 
into senate masses. ' In the lowlands between 
we find the towns and the more prosperous 
FMt ^ the pc^^tlom 


In the extreme west the Moy flows to Killala 
Bay, between the Nephin Beg and Slieve Gamph 
Mountains, with Ballina as the chief town. 
Between the Slievo Gamph and Sligo Mountains 
an arm of the Central Plain opens to Sligo Bay, 
on which is Sligo, a fishing centre. The Erne 
lowland, with its chain of lakes, the town 
of Enniskillen between tapper and Lower Lough 
Erne, and Ballyshannon on the estuary, opens 
to Don(‘gal Bay, at the head of which is Donegal. 
lx‘twe(‘n the Sligo and Donegal Mountains, both 
broad, high, barren, and poverty -stricken. The 
prosperous Foyle lowland h(‘M between the 
Tyrone Mountains on the south, the Donegal 
Mountains on the w'est, and the Sperrin Moun- 
tains on the east. Omagh, St ra bane, Lifford, 
and Londonderry are engaged in shirt-making 
and distilling. Londonderry, on the Foyk 
estuary, exports butter, pork, 
bacon, cattle, and grain to 
Liv(‘r}) 0 ()l and Glasgow, and im- 
ports timber and coal. Moville 
IS a port of call for Atlantic 
liners. Etpially prosperous is 
the Bann lowland, between the 
Tyrone and Sperrin Mountains 
on the cast, and the Antrim 
and Mourne Mountains on the 
wc*st. In the south it i.s drained 
by the Blaekwatcr and Bunn 
to Lough N('agh, the largest 
lake in Britain. Monaghan, 
Armagh, an old ecclesiastical 
centre, Dungannon, and Lurgan 
are the chief towns south of the 
lake, and north of it are Antrim 
and Ballymena. Lough Neagh 
is discharged by the Bann, with 
(’oleraine as its port. The 
Antrim .Mountains are of basalt, 
of which arc formed the wonderful columnar 
terraces of the Giant’s Causeway, east of Portnish. 
An important gap between the Antrim and 
Moume Mountains, drained by the Lagan, has 
helped to make Belfast prosperous by giving it 
easy land routes to the plain. 

Irish Industries. Much more important 
is its situation on the coast, where coil ^an be 
cheaply obtained from the Ayrshire, Cumber- 
land, and Lancashire coalfields, and raw materials 
from the Baltic ports. The linen manufacture 
from home-grown and Baltic flax is very import- 
ant. The <kmp climate favours spinning, and 
the water has fine bleaching properties. The im- 
portance of shirt-making in many Ulster towns 
is now explained. Rope-making from Baltic hemp 
employs many hands. Shipbuilding is carried on 
on a large scale^ and among many ower industries 
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distilling may be noted. Belfast, therefore, 
resembles the prosjK'rous manufacturing ei*ntres 
on the other side of tlu; Irish Sea, but unfor- 
tunately it stands alone in Ireland. Carriek- 
fergus, on the north bank of Belfast Lough, is 
similarly engaged, and has important lisheries. 
Lame is the port for the Stranraer route across 
the narrow North (’hannel. South of Belbist 
are Donaghadee, and Downpatih’k on Strangford 
Lough. The granite Mourne Mountains, rising 
to nearly 3,0()() ft., are much visited for their 
line scenery. To the south is ( ’arlingford Lough, 
north of wlueh Newry is built in the gap leading 
to Lough Neagh ; Dundalk, on Dundalk Bay, an 
important railway centre with locomotive works, 
exports provisions ; and Greenore has regular 
communication witli Holyhead. 

West Highlands of Connaught. All 

these lowlands are connected with the Mid- 
land Plain, which exUitids from the Irish Sea to 
the base of the mountains of Western Gori- 
naught. These are known as the Nojihin B(‘g 
Mountains in the north, and th(‘ Gonm'rnara 
Mountains, with maibk? quarries, in the .south, 
lioth rising to 2,500 ft. The coast rt‘semhl(‘s that 
of the W(‘at Highlands of Scotland, with many 
inlets, of which the largest is Clew Bay ; they are 
separated by Hik^ cliffs and headlands, d’he life 
of the peasantry is very similar to that of llie 
Highlanders, but even harder than theirs. Poor 
grazing is eked out by poor tishing, and cottage 
industries. At the eastern base of the highlands 
is a chain of lakes — Gonn, Mask, and Corrib— at 
the edge of tlui limestone Midland Plain. Gal- 
way, south of Corrib, at the lunid of Galway 
Bay, which would be a flourishing port in a 
richer district, exports the dairy produce of the 
better pastures, marble, and tish. 


The Midland Plain. 'Die Midland Plain 
contains much good agricultural and meadow- 
land, but also muc’h bog. The great Bog of 
Allen occupies a largo part of King’s County and 
Kildare. The Shannon, the largest river of 
Ireland, rises less than 300 ft. above the sea, and 


flows slowly across tlu^ plain, the wliole centre of 
which is drained by it and its tributaries. In its 
upper course it expands into Lough Allen, 
south of which are Leitrim and Garrick-on- 
Shannon. Below Carriek the Boyle enters from 
the west, flowing through boggy country, with 
similar lake-like expansions. Tile Shannon con- 
tinues of lake-like breadth to Athloiic, at the 
south of Lough Rt^e, always an irnpoitant 
town, because the river is there narrow (‘iiough 
to be bridged. It is the place where the main line 
from Dublin to Galway tTosses the river. Below 
Athlone the Shannon expands to Lough Derg, 
and then flows through the gorge of Killaloe, 
between the Bcmagh and Silverniine Mountains, 
to its estuary, at the head of which is Limerick, 
with a large provision trade, and some lace 
manufactures. West of the Shannon basin the 
land is d|ttined by small rivers flowing to Loughs 
AMDorrib. 

I^ApItal City. East of the Shannon 
11!^ rivers, rising to a great height, 
eitsi to th^ Irish Sea. The lai^est is the 


Boyne, wliich flows through a country rich in 
antiquities and historical associations. Round 
towers and sculptured crosses are numerous. 
Tara, near Navan, the seat of the ancient 
kings of Ireland, is famous in song and legend. 
Drogheda, at the mouth, manufactures linen 
and exports the agricultural and dairy produce 
of the eastern jilaiii. I’hc Liffey, also flowing 
into the liisli Sea, rises in the picturesque 
Wicklow Mountains to the south. Dublin, the 
capital, on a magnificent bay, is built at the 
mouth of the Lifft;y. The surroundings are 
remarkably beautiful, but in spite of some fine 
slretds and buildings, Dublin is not an imposing 
city. It is noteworthy that, like the capitals of 
England and Scotland, Dublin is on the east 
coast, showing how important proximity to 
Europe has been throughout our island history. 

Southern Highlands of Leinster 
and Munster. South of a line drawn 
from Galway Bay to Dublin Bay, Ireland is 
again mountainous. As in the north, lowlands 
bri'ak thi^ mountains up into separat/O masses, 
many of which are higher and more extensive 
than those of Ulster. lower course of the 

Shannon lies in the highland region, and has 
already been described. East of the Slieve 
Bloom and Silvermine Mountains, w^hich form 
its (‘astiuii margin, is the lowland drained by 
the Suir-Nore-Barrow. The Barrow — the main 
river— is formed by streams from the Sliove 
Bloom and the Bog of Allen, and flows due south 
h(‘tween the Wicklow and Wexford Mountains 
on the east, and the mountains of Kilkenny on 
the west. 'Phe Nore, also from the Slieve 
Bloom, flows througli past Kilkenny, parallel to 
the Harrow, but separated from it by hilly but 
good agricultural and grazing country. Antlira- 
cite coal is worked near Castlocomer ; marble, 
lead, and other minerals near Kilkenny. The 
Suir, from thi* Silvermine Mountains, first flows 
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flouth, but is turned cast by the spurs of the 
KnockmeaWown Mountains, and flows past 
Clonmel and Garrick between mountains rising 
to 2,000 feet. It enters the Barrow at Water- 
ford, at the head of Waterford harbour, which 
exports dairy produce and provisions. 

East of this lowland are the Wicklow Moun- 
tains, with magnificent peak, valley, glen and 
lake scenery. Of many lovely vales, that of 
Avoca is the most famous, with Arklow at its 
mouth. Minerals are numerous, and lead ore is 
exported from Wicklow. The southern slopes 
are drained by the Slancy, flowing to Wexford 
harbour, whence Wexford exports live stock, 
dairy produce, malt, and barley. 

West of the Suir-Nore- Barrow lowland, the 
Slieve Bloom, Silvermine, and K nock meak low n 
Mountains form a nearly continuous belt of 
highlands. The rive^ no longer run north and 
south in broad vales, but east and west in long, 
parallel valleys, which widen into lowlands at 
the mouths. The Black water flows along the 
northern base of the Boggeragh Mountains past 
Mallow and Lismore, and turns abruptly south 
to Youghal Bay, w'hence Youghal, with salmon 
fisheries, exports its agricultural and dairy pro- 
duce. The Lee, coming down from thc! K(‘rry 
Mountains, flows east to Cork harbour, which 
opens to the south, and the Bandon in a parallel 
valley flow's through similar mountain scenery, 
turning south-east to Kinsalo harl)Our. .Many 
of the tine natural harhours of southern Ireland 
are spoilt by bars at tbeir mouths. ( V>rk is om^ of 
the finest in the world, and could hold our (‘ntir(5 
Navy. It contains many islands, on fme of w Inch 
is Queenstown, w'here Atlantic liners call for 
mails and passengers. Distilling, brewing, bacon 
curing, tanning, glovcmaking, and some woollen 
manufactures are carried on at ( brk. The export 
trade in provisions is very large, and shipbuilding 
is important. Kinsale is a fishing port. 

Kerry Mountains and Killarney. 
The south-west of Ireland consists of lofty 
and picturesque mountains running west- 
w'ards down to thc sea, forming a wild, 
rocky coast, with many headlands and long, 
narrow bays. Among the latter, notice Dingle 
Bay, Kenmare River, Bantry Bay, and Dun- 
manus Bay. Thc rivers are short and rapid, and 
afford excellent fishing. In thc nt)rth, the 
mountains arc known as Macgillicuddy’s Rocks, 
with Carrantuol, over 3,(K)0 feet, the highest 
mountain in Ireland, and Mangerton, almost as 
high. Among those towering peaks arc em- 
bosomed the far-famed lakes of Killarney, with 
many islands, richly wooded like the shores. 
Much of Kerry is unproductive moorland. As 
little agriculture is possible, towns are few 
and population sparse. Round the dangerous 
coast fishing is important. On Valentia Island 
is a meteorological station, from which wc 
receive the first w'arning of storms approaching 
from the Atlantic. 

ISLANDS IN BRITISH WATERS. 

The Isle of Man. The Isle of Man rises 
in the Irisli Sea, midway l)etween Strangford 
Lough and SL Bees Head in Cumberland, each 



loss than 30 miles distant, whilst the Scottish 
coast is considerably nearer. The island is 33 
miles long and 12 miles wide. Thc centre and 
south parts of the island arc mountainous, with 
lovely glens opening to the sea. Snaefcll, 2,0(X) 
fe(‘t high, is tlu^ highest point, and commands a 
line view of th(5 island and of the coasts of 
England, Scotland, and Tndand. Minerals arc 
abundant, especially lead. Farming is extremely 
good ; all round thc coast fishing is important, 
and most of thc towns — of wliich Douglas, 
Rains(*y, and Peel aro fh(5 largest -an‘. situated 
there. The tourist traffic is immense in summer, 
when thc island becomes the playground of 
Lancashire. ^Tan preserves thc right of self- 
government, a separate Parliament, known as 
the House of Keys, separate judges, or deemsters, 
and many relics of a long and interesting history. 

The Channel Islands. These, the last 
shreds of our once great French possessions, arc 
80 miles from our own shores, and within 10 of 
the Fnuich coast. Th(i largest are Jersey (45 
sq. miles), (biernsey (25 sq. miles), and Aklcraey 
(4 sq. miles). Both population and language arc 
of French origin, and thc islands have Homo 
Rule. The coast scenery is w ild and imposing, 
and the surrounding seas arc strewed with 
sunken rocks, and rendered still more dangerous 
by strong ciiiTcnts. In all the growing of early 
fruit and vegetables is important, and fine breeds 
of dairy cattle are grazed on tlu* sunny meadow s. 
The capiUd of Jersey is 8t. Heliers and that 
of Guernsey St. Peter's Poi t. 

Continued 
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It is these plants which are so often taken home 
by seaside visitors to serve as “ weather-glasses” 
since, owing to ttie salt which clings to them, 
th^ become damp on the approach of rain. 

Brown Seaweeds of Deeper Water. 
Largo masses of seaweed are to bo found 
drifting about in the ocean, 
especially in the Sargasso 
Sea, a huge eddy occupy- 
ing several thousand square 
-miles of the North Atlantic. 

''The most notable form 
here to be seen is the 
“ gulfweed ” (Sargassum 
hacciferum), which is buoyed 
up by stalked floats re 
sembling berries in appear 
a nee. A huge brown sea 
weed (MfU'rocystis 'pyrifera) 
with pear-shaped floats, 
native to the non- tropical 
parts of southern seas, 
attains the astonishing 
length of several hundred 
feet. Fucus and Lami- 
naria are largely used as 
manure, and under the 
name of “ kelp ” were 
formerly employed in the 
manufacture of soda. As a 
source of iodine they are 
(especially Laminaria) still 
invaluable. 


Diatoms [219]. These 
almost infinitely varied 
microscopic forms, which 
possess flinty coverings of 
great l)eauty, may b(^ 
reckoned as the humblest 
of the brown seaweeds. 

They are to be found in 
both salt and fresh wat(^r, 
and even on the surface of 
damp earth. Large tracts 
of the ocean floor, especially 
in the Antarctic regions, are 
covered with fine ” ooze ” 
principally composed of 
their remains. Some diatoms 
are stalked and immotile, 
but the larger number are 
free, and, like many of the 
lowest plants, possess the 
power of movement. When 
examined under a micro- 
SCOM they may be seen 
gliding along in a very 
interesting" and curious 
fashion. 

Diatoms as Food for 
Animals. The surface 
layers of the sea and of lakes are inhabited 
,hy countless myriads of diatoms, which con- 
stitute the chief food of innumerable minute 
animals, especially the lowly cousins of shrimps 
and prawns. These little creatures in their turn 
are devoured by herrings and many other 
sorts of fish, 80 that man himself is indirectly 
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indebt(Mi to diatoms for an important part 
of his diet. And this becomes still more obvious 
when wc remember that oysters, cockles and 
mussels feed upon those lowly plants wholesale. 

Red Seaweeds. Most of these inhabit 
moderate depths in the sea, and are unsurpassed 
for their beauty of form 
and colour. Many of them 
are torn from their moorings 
and cast iip on the shore by 
storms. The reproductive 
processes are too complex to 
be di.scussod here. Some 
of the red seaweeds are 
strtaigt honed by ealcareous 
matter, and these “ nulli- 
pores ” are represented on 
our own coasts by branching 
forms and pinkish crusts 
which are to bo found on 
rocks between tide-marks. 

Seaweeds as Human 
Food. “Carrageen Moss” 
(Chondnis crispus) is a 
stoutly - built forking red 
sea-weed which grows on 
the coasts of Britain, 
and has been used in 
mueli the same way as 
isinglass. “ Laver ” is 
another edible species, with 
a fairly broad, branching 
thallus. It is exposed for 
sale in Scotland, and in 
South Wales is mixed up 
with dough and baked into 
a sort of bread. 

Green Algae. Wliile 
red algie are most exclu- 
sively marine, the green ones 
abound both in salt and 
fresh water. None of them 
arc of great size, while largo 
numbers are microscopic. 
SoiTK^ of the larger forms are 
to bo seem between tide- 
marks — c.g., ” sea lettuce ” 
{Ulva), in which the flat 
thallus is of a brilliant 
green, and Enterom)rpha, 
made up of tufted hollow 
threads. The group may 
perhaps bo best illustrated 
by taking two or three 
typical species. 

Chara [214]. Chara is 
a somewhat anomalous green 
alga, which is often to be 
found growing in dense 
masses in the ponds of chalk 
districts. It consists of a 
slender axis bearing circlets of branches, and 
suggesting in appearance a horsetail, though on 
a much smaller scale. The lower end is fixed 
in the mud by means of long, fine root-hairs. 
Upon the branches' arc groups of slender pro- 
jections, which are possibly to be regarded as 
incipient leaves. The axis and its branches ar,^ 
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covered by cells arranged in a spiral manner, and 
the whole plant is encrusted with carbonate of lime. 

Reproduction of Chara. Towards tJio 
end of summer egg-organs and sperm-organs 
aro developed in pairs on the branches, in 
association with the “ leaves.’' The egg-organ 
is brown in colour and of ovoid shape, with a 
spiral covering, and a “ crown ” of pointed cells. 
It contains a single egg-cell, to w'hich a passage 
leads down betw^(^en the erown-tjclls at the time 
of maturity. 'Pile orange-coloun'd sperm -organ 
is a hollow sphere, the wall of whicli is made up 
of eight triangular platens, elegantly fluted. 
From each plate a sort of “ liaiidle ’’ projects 
inwards, and this hears several long thn^ads, 
composed of a large number of cells joinc^d (UkI 
to end. Witliin each of these cells a spirally- 
shaped sperm is produced, one end of which is 
provided with two long 
whiplike threads of living 
matter (protoplasm), the 
lashing movements of 
which propel it through 
the water. The ripe sperm - 
organ falls to pieces, and 
the innumerable sperms 
developed within it swim 
away. Fertilisation is 
effected as usual, by the 
fusion of the sperm with 
the egg-oell. The fertilis 'd 
egg-cell, surrounded by its 
spiral investment, falls to 
the bottom of the pond, 
and remains dormant 
during the winter, germi- 
nating in the following 
spring into a new plant. 

Movements of Pro^ 
toplasm. C'hara, and a 
related form (Nitella) wliicii 
differs from it in certain 
details, have long been 
employed to dt'inonstrato 
the movement of living 
protoplasm within vege- 
table cells. Sec'ii under the 
microscope such a cell is 
found to possess a central 
space filled w itii sap, and surrounded by a layer 
of protoplasm whi(iii ceas.'lc ssly inoN es round and 
round within its delieate nr mbranous invest- 
ment. Such movement of living substance may 
also bo seen in some of the cells of higher plants, 
a parti(!ularly good exampU? being the hairs Of 
stinging-nettle, which have a swollen base from 
w^hicli a long brittle thread f)rojccts, terminating 
in a little knob w^lien uninjured. The thread, if 
lightly touched, can penetrate the human skin, 
when the escape of a minute* (juantity of the 
acrid sap sets up the familiar and unpleasant 
irritation which most of us have experienced. 

If an uninjured hair be examined under the 
microscope, the protoplasm will be scon to be 
largely broken up into branching strands, the 
substance of which is in constant movement; 
tlm the presence of innumerable minute 
g]H||mles renders quite obvious. 


Spirogyra [215]. Many threadlike green 
alga* live in ditches and ponds, some attached by 
one end, and others simply floating. One of the 
commonest of the latter is Spirogyra, which is 
simply a row of hollow, cylindrical cells, bound 
by delicate elastic cell- walls. Each cell is 
lined by protoplasm, and the nucleus is sus- 
jX'nded l)y delicate st rands of the same substance 
in the central sap-fillcd space [215, right], 
A spiral band of the external protoplasm i^ 
impregnated with chloropliyll, and in it are to 
be seen a number of little rounded bodies 
{pyrenuids) concerned with the manufacture 
of starch. 

Reproduction of Spirogyra. During 
spring and summer, Spirogyra is constantly 
increasing in length by division of the con- 
stituent cells, and pieces are frc'quently sepa- 
rated to form new and 
distinct plants. But on 
tlui approacli of autumn, 
the process of “conjuga- 
tion " takes place, which is 
comparable to egg -propa- 
gation, but is simpler, in- 
asmuch as there is only a 
faint indi(\ation of a dis- 
tinction between egg-cells 
and sperms. The adjacent 
(H'lls of two contiguous 
filaments send out pro- 
cesses which meet, fuse 
togi^thcr, and make a 
conjugating tube [215], 
Meanwhile, the proto- 
plasm of each (jell contracts 
into a rounded mass. One 
of th(‘S(* s(jueezes through 
the conjugating tube and 
fuses with the protoplasm 
of the other cell, to make 
a “ resting-spore.” This 
dcv(‘lops a firm covering, 
and remains dormant 
through the Avinter, grow- 
ing into a new plant in the 
next spring. The filaments 
themselves break up and 
die. 

Destnids [216]. If, duringspring or summer, 
some of the mud from the bottom of a 
pond is oxamim'd under the microscope, it will 
almost ctjrtainlybe found to contain some of 
these elegant little plants, each of which consists 
of a single coll. Many desmids arc of extreme 
b(*auty, being only surpassed in this respect by 
diatoms, though, unlike these, they are not 
invested by flinty membranes. Som(3 of them 
possc*ss the pow er of movement. Desmids — and 
diatoms, also -conjugate in pairs [216a] to form 
resting-spores, which tide over the unfavourable 
w'inter season, like those of Spirogyra. 

FUNGI {Colourless Thalia phytea) > 

We have already had occasion to consider 
c(?rtain fungi which are associated with the roots 
of higher plants for mutual benefit, but this is a 
somewhat exceptional habit, as many of them 
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(saprophytes) feed tipon decaying vegetable or 
animal matter, while others (parasites) prey upon 
the living bodies of animals or other plants. 
Fungi are conveniently^ called “ colourless ” 
thallophytes to indicate the fact that they con- 
tain no chlorophyll, in the absence of which they 
are unable to use sunlight for the purpose of 
building up organic substance from water and 
carbon dioxide. They may, however, be of the 
most varied hues, including green. Tt would 
need a complete treatise to do j ustice to the wealth 
of forms included in the group, so wc must 
content ourselves with considering a few of the 
commoner or more interesting ty[)es. 

Mushrooms and Toadstools. The 
actual mushroom or toadstool plant consists of 
a mass of branching fibres, Avhioli ramify in the 
surface layers of the soil, and constitute* what is 
technically known as the mtfrclium, or, in popular 
language, the “ spawn.” This giv(‘S rise to the 
stalked spore -pro- 
ducing structure 
which is seen above 
ground, and which 
is made up of 
closely interwoven 
and compacted 
threads [212]. 

When fully deve- 
loped, the under- 
side of the ex- 
panded top of a 
mushroom or toad- 
stool will be seen I o 
possess a largo 
number of radiat- 
ing plates, or 
” gills,” on the 
surface of which 
the dustlike spores 
are produced in 
immense numbers. 

The gills vary in 
colour with the 
si>ecies, being, e.g., 
in the edible 
mushroom, pink, 
brown, or black, according to ago. 

A thin section through part of a gill [220J, 
when examined under the microscope*, will show 
that the surface layer is made up of closely- 
packed club-shaped cells, drawn o\it into pointed 
projections, the ends of which swell \ip into 
spores. These are so minute that they aro 
readily dispersed by the wind, and germinate into 
new plants under favourable conditions. 

Fairy Rings. The fairy rings of our 
meadows are due to the gradual outward exten- 
'sion of an original clump of toadstools, the 
central patch being bare as a result of exhaustion 
of tho soil. 

Sponge Toadstools. A well-known 
edible fungus (Boletus edulis), living in woods, 
lo'oks like a clumsily built brown-topped mush- 
room. Instead of gills, however, wc find a 
spongy mass made up of elongated tubes lined by 
spore-producing cells. A stalkless momlK*r of 
the same group (Poh/porus) is often seen as a sort 
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of semi-circular plate projecting from the trunk 
of a tree or a decaying gatepost. One species is 
used for preparing tinder. Tho “ dry-rot ” of 
timber is duo to another toadstool belonging to 
this group. 

Puff»balls; These are closely related to 
the toadstools, but the spore -producing bodies 
arc (piite dilTcrently shaped, being rounded 
structures within wnich spores are developed, 
to be liberated by tho bursting of the mature 
putT-ball. 

Morels and Truffles. Those differ 
from the preceding in that their spores are 
developed within tubular cells instead of pro- 
jecting freely from the surface. Tho sporo' 
producing body of the edible, morel (HclveUa) is 
elub-shaped, tho swollen i)art being yellow in 
colour, and its surface studded with projections. 

Truffles live entirely underground, where 
their sporc-produeing bodies are developed as 
tiiber-liko tliickon- 
ings. They possess 
a ehara(!teristic 
odour, and, as is 
well known, are 
hunt/cd out with 
(he aid of pigs or 
dogs. 

Edible and 
Poisonous 

Fungi. The best- 
known edible forms 
are mushrooms^ 
lioletus ediilis, a 
largo species of 
puff-ball (Lycoper- 
don deliciosum), 
morels and truf- 
fles ; but many 
others arc more or 
less eaten. It un- 
fortunately hap- 
pens that numer- 
ous Hj)3cies are 
virulently poison- 
ous, and as some of 
these closely re- 
semble edible forms it is wisest to refrain from 
making gast ronomio experiments on the group, 
unless tho advice of a specialist is available. 

Moulds. Tt is a familiar fact that jam, 
ehoeae, bread, fruit and many other articles of 
food, as well as leather and so forth, aro liable 
to become “ mouldy ” if kept in a damp place. 
This is because they have been infected by the 
spores of the lowly fungi known as ” moulds,” 
of which a great vari(dy are known to botanists. 

.Green Mould (Penicillium glaucum) [221]. 
This common form is often to be seen on oranges 
and bread, among many other things. Tho 
plant- body, or mvci*lium, is nuide up of excess- 
ively delicate branching threads, some of which 
grow into the air and assume the form of 
antique candelabra, the branches of which 
giv^^ ris? to rows of spores that arc disseminated 
by tlu* least breath of air. A more complicated 
process of reproduction, involving fertilisation, 
has also been described. TJie blue mould 
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{Aspergittua) of cheese is broadly similar, but the 
spore-bearing branches end in swellings, from 
which numerous long chains of spores radiate. 

White Mould (Mucor). This is often to 
be seen on bread and horse-dung. The mycelium 
is made up of whitish, cobwebby fibres, from 
which long spore-boaring branches ris3 into the 
air. Each of these ends in a rounded swelling, 
within which numerous spores arc produced. 
There is also a process of conjugation between 
specialised mycelial branches, by which resting- 
spores with firm investments arc produced. 
These are able to remain dormant for some 
time, and thus enable the fungus to combat 
unfavourable surroundings. 

All the fungi so far described arc saprophytes, 
which live upon dead organic matter ; but some 
of the moulds infest living plants, such as 
cereals, peas and vines. Besides those there 
are many other parasitic forms, of which one or 
two deserve special mention. 

Ergot of Rye ((lavicepa purpurea). 
During spring the young ears of rye arc liable 
to be attacked by ergot, which is at this time 
in the form of a delicate mycelium, inh sting 
the ovaries of the flowers, and producing in- 
numerable minute spores, which arc dmpers d 
by the agency of flies and other small insects. 
These are attracted by a sweet fluid — “ honey- 
dew ” — that exudts from the diseased ovaries. 
When the grain ripens, the mycelium is corn- 
pressed into a hard body known as an “ ergot ** 
[222], which remains dormant during the 
winter. In the following spring a number of 
spore-producing bodies grow from this, each 
with a swollen end [223], in which there are a 
number of pits containing groups of elongated 
spore-cases. Tho slender spores developc*d 
inside these cases are dispersed by the wind, 
and infect the young rye -plants. 

Wheat Rust, Wheat Mildew and 
Barberry Blight. One species of fungus 
in the course of a complicated life history 
passes through three stages, respectively known 
as wheat rust, wheat mildew and oar berry 
blight. The first of these stages \Puccinm 
graminis) makes its appearance in spring on 
the leaves and stems of wheat, giving rise to 
rusty-looking patches, in which numerous rust- 
spores are produced [224]. By means of these 
the fungus propagates and spreads during the 
summer. On the approach of autumn the 
patches assume a black colour, indicating that 
the mildew stage is reached [225]. Spores of 
a different kind are now produced, and these 
remain in a resting condition through the 
winter. They germinate in spring, and give rise 
to a third kind of spore, which docs not attack 
wheat, but barberry, producing “ barberry 
blight ” {Mcidium herberidis) [226]. This con- 
lists of a branching mass of delicate threads 
(dthin the leaves of the host, from which blight 
ipOPes take origin. They are of an orange 
colour, and are developed in little cups on the 
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under sides of the leaves. They are scattered 
by the wind, and such of them as alight upon 
wheat may germinate into wheat rust. 

Potato Disease (Pk^phtkora inftstans). 
The delicate mycelium of this formidable parasite 
ramifies within the delicate tissues of the 
potato -plant, and pushes out branches to the 
exterior through the stomata of the leaves [227]. 
These bear ovoid spore-cks^s, within each of 
which are produced motile spores that swim 
about in the moisture present and disseminate 
the disease. Egg-organs and sperm-organs 
are also present on that part of the plant within 
the host, and the fertilised egg-cell oecomes an 
ogg-spore, which is invested in a firm coat, and 
remains in a dormant state during the winter. 

Yeast. If a little yeast is examined under 
a strong power of the microscope it will be 
found to contain innumerable ovoid yeast- 
plants, each consisting of a single cell and repro- 
ducing for the most part by a process of budding 

[228] . Under unfavourable conditions a yeast- 
plant may become a spore-case, within which 
are developed four spores that are able to 
remain in a state of suspended animation for a 
long time, should tho surroundings still be ad- 
verse. They are so minute that they can be 
dispersed by tho wind for great distances, and 
some of them arc likely to reach a spot where 
circumstances are in their favour. 

Alcoholic Fermentation. Tho most 
remarkable fact in regard to the vital processes 
of yi'ast is that wlum placed in a sugar-containing 
solution It 18 able to break up tho sugar with 
produ(*tion of alcohol and carbon dioxide. 
This “ alcoholic fermentation ” is clearly of 
great economic importance. It is the production 
of gas by the yeast which is mixed with dough 
that causes the broad to “ rise ” — i.e., to become 
of spongy texture instead of remaining dense 
and tough. 

LICHENS 

These familiar plants arc found everywhere, 
in tho form of variously coloured crusts on 
rocks and walls, tufted growths on the 
trunks of trees [213], and so forth. As 
already mentioned, a lichen is a joint-stock 
company, consisting of an alga associated with 
a fungus, both of which can clearly be seen in 
a thin section placed under the microscope 

[229] . Spores developed in club-shaped cases 
are produced in stiecial cup-shaped outgrowths) ' 
or it may be thickened projections. The spore- 
cases are the result of growth subsequent to a 
process of fertilisation. 

Two lichens are of particular economic ^ 
interest. One of these is the so-called Iceland"^ 
moss (C'e^mrm lalandica)^ which is used as a 
food in Iceland, and was formerly valued as 
remedy for chest diseases. The other is reindoel^ 

moss *’ (Cladonia rangiferina), which grows in 
dense masses on tho ground in high latitudes, 
and during Uie winter mrms the almost exclusive 
food of the reindeer. 
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8. Topaz. 

9. Sapphire. 

10. Diamond, which cuts glass. 

We may compare the phrase. as hard as 
adamant ” (from the Greek adamast unconquer- 
able, whence the poets have formed the word 
adamant to mean the diamond). 

Rigidity and Elasticity. Rigidity is 
another property of matter which enables a body 
to resist tendencies towards change of form. 
Elasticity is another property of many bodies 
wh ich has been very variously defined. According 
to some definitions (and with these common 
usage certainly agrees), indiarubber is a far more 
(‘lastic substance than steel. According to other 
definitions, steel is far more elastic than india- 
rubber. The elasticity of the indiarubber is 
much more obwious than that of steel ; but if 
the essential part of our conception of elasticity 
be that an elastic body is able to return to its 
original bulk and shaix) after the application of 
a force which has altered one or both, then steel 
must be regarded as more elastic than india- 
rubber, since its restoration to its original con- 
dition, when the disturbing force has been 
removed, is far more complete and more nearly 
perfect than in indiarubb(;r. We must remember 
that elasticity may be expressed in two opposite 
ways. A gas or a ball of indiarubber is elastic 
because it springs back again to its original bulk 
after it has been compressed, while a piece of 
indiarubber is similarly elastic in that it returns 
to its former length after it has been extended. 
This property of elasticity is extremely import- 
ant in a higher realm than that with which 
physics mainly deals, for it is one of the most 
important properties possessed by muscular 
tissue. The greater part of the act of expiration 
is mechanically accomplished, without any ner- 
vous or muscular effort of ours, by means of the 
elasticity of the muscles of inspiration, aided by 
the elasticity of the ribs. 

Plasticity. The opposite pioperty of 
elasticity is plasticity. Tin? art of moulding 
in clay is called plastic art — wet clay being a 
substance which has no elasticity worth mention- 
ing, and which is, therefore, perfectly suited for 
the purpose of the modeller. Every solid has a 
limit of elasticity, and if strained beyond that 
limit undergoes such a molecular change as to 
make it plastic. But even yet we have not 
pompleted the list of properties of this kind. 
The,' reader will have noticed that latterly we 
have been giving merely definitions of words and 
illustrations of their meaning ; we have been 
do|^ nothing to explain the facts that are 
described. All these facts are doubtless de- 
pendent upon molecular conditions and forces, 
which determine whether the body shall be 
slastfe or plastic, rigid, hard, or brittle. 
^Ductility. Ductility is a property of many 
naetals, in virtue of which they can be drawn into 
wire. We may contrast, for instance, iron wire, 
which is so familiar, with the results that are 
reached when one makes a wire of lead, the most 
plastic and least ductile of metals. It might be 
thought that the same metals which can readily 
be extended in the form of wire would he 


capable of l>cing extended in the form of flat 
plates ; this property is known as malleability 
(from Latin malleus, a hammer). But, as a 
matter of fact, lead is exceedingly malleable, and 
can be hammered out to very considerable thin- 
ness, though it can scarcely be drawn out into 
wire at all. The property upon which ductility, 
as distinguished from malleability, depends, is 
called tenacity, and is possessed in the highest 
degree by the best steel. Very few people have 
any idea of the extraordinary tension, or longi- 
tudinal stress, which is borne by tlie steel wires 
of a good piano. 

Even though we are totally unable to explain 
these various properties of various substances 
in terms of molecular forces, we are, at any 
rate, able to show that some of them vary 
with varying temperatures, as we would expect 
them to vary if the theories already stated as 
to the relations betweem heat and molecular 
energy were true. According to those theories, 
for instance, the process of adding heat to a 
solid body must imply an increase of its mole- 
cular motion in the direction of the state which 
obtains in the ca.se of a gas. Hence, we are not 
surprised to find that the heating of a solid 
reduces its cohesion. 

Another Property of Gases — Dif« 
fusion. The last property of any kind of 
matter which we need to consider here is the 
property of diffusion, which is {X)sse8sed by 
gases, and wliich becomes quite intelligible if we 
recall what has already Ijeen said regarding the 
molecular motion in a gas, and what we have 
now learnt to know as the kinetic theory of 
gases. Recalling the conceptions already noted, 
let us consider what will be liable to happen if 
two d’ff .a'ent gases he poured into a vessel one 
above the other ; there is no surhuio tension in 
this case. Does it not seem inevitable that at 
what is called the interface, or the level where 
the two gases meet one another, there will bo 
a very marked tendency to intermixture ? Such 
intermixture indeed occurs, and is known as 
diffujiion. The rate of diffusion is found to follow 
an absolute law, and is strictly consistent with — 
indeed, is the strongest proof of — the kinetic 
theory. Diffusion occurs in all fluids, not 
merely in gases, though the d’ltusion of liquids, 
as one might expect, is much less rapid, and is 
complicated by the facts of surface tension. 
For instance, oil and water do not diffuse into 
one another— they do not “ mix.” Tiie relative 
weight of liquids also affects their mutual 
diffu.sion. 

A Concluding Note on Matter. But 

before concluding this part of our subject and 
passing on to consider various forms of energy, 
such as heat, sound, and light, it is necessary 
to return to a supremely important subject. 
On page 312 we made some reference to it, 
and it has been incidentally referred to in our 
discussion of certain of the properties of matter. 
This subject is none other than the very nature 
of matter itself. Even since those remarks 
were written, much remarkable and important 
evidence, which the experimenters have not yet 
published themselves, and which, therefore, can 
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only be alluded lo here, has been forthcoming 
in favour of th(i great truths which we laid down, 
and in drawing to a concluvsion the part of our 
course which deals especially with matter, the 
opportunity must be taken for endeavouring 
still further to clear up the confusion which 
occurs in connection with this subject, and still 
further to establish truths which will be found of 
the utmost importance, not only to modern 
physicists, wlio have done so much to demon- 
strate them, l.ut also to students of certain 
subsequent courses of the Self-Ed u cat or, and 
especially of those which will deal with the science 
of mind or psychology, and with philosophy. 

The Old View of Matter Untenable. 

Already we have rejected the idea that the 
units of matter are hard things, like “ foundation 
stones.” Further, we have carefully dis- 
tinguished between mass and weight, and have 
note<j|j|jthat weight is, so to speak, accidental, and 
that mass is perhaps tho prime character of 
matter. Further, we have seem that it is the 
property of inertia from w'hicli our notion of 
mass is derived ; but we also found that, 
according to the most nrcciit investigations, the 
inertia of matt-t^r must bo looked upon as 
electrical inertia, and matter itself as an electrical 
phenomenon. The final conclusion to which wo 
came was that matter is men^ly a particular form 
of energy. Wo noted also that the belief in th(^ 
conservation or the eternal persistence of matter 
— quite recently licld by tho chemist— can no 
longer be maintained in tho light of the facts 
which are now rapidly being discovered and 
multiplied, of tho disintegration —if not, indeed, 
apparent annihilation — of matter under certain 
conditions. Now, before we pass to the greatest 
bict of physics, which is the doctrine of the 
conservation of energy, it is highly necessary to 
clear up once and for all our ideas as to the proper 
use of this word. Energy, in the philosophical 
and scientific use of tliat word, docs not mean 
possibility for action or capability for work ; it 
implies an id.?a much more profound and 
important than any which those M^ords convey. 
Neither in the original use of the word by Dr. 
Thomas Young, who introduced it, nor in its 
use by any of the great makers of physics since 
his day, docs the word energy describe an 
attribute of matter. The importance of gaining 
as clear a notion as tho human mind will permit 
of the real nature of energy lies first of all in 
the fact that the new theory of matter, which is 
reducing matter to something like its propter 
importance, necessarily directs more and more 
attention to that of which matter, as we are now 
^ginning to see, is but a temporary manifesta- 
tion ; and, secondly, in tho fact that, by a sort 


of poetic justice, wo find tlie latest developments 
of physics to have completely destroyed that 
preposterous doctrine of materialism which, so 
popular thirty years ago, was based upon phy- 
sical conceptions that sound simply medieval 
to modern students of the subject — a doctrine 
which cannot claim at tho present day a single 
consistent supporter of any note whatever, 
oven Professor Haeckel being now or recently 
engaged in the highly necessary attempt to show 
that his philosophy, built upon a belief in the 
eternal persistence of matter, can stand even 
when that belief has been demonstrated to be 
untrue. Nor will it do to regard matter as a 
form of ether, sinoe— even on that theory — it is 
the energy displayed in or by the ether that is 
tile essential fact of matter. ; 

Energy and Materialism. In modern 
scientific thinking the word energy is used to 
describe the something, the power which is 
really tho underlying and essential fact of all 
facts and all phenomena, except the facts 
and [ihenomena of mind — the relation of which 
to tho idea of energy will be discussed in the 
course on PsYcnor.ooY. Certainly such a 
definition cannot satisfy tho physicist, nor is 
there any physicist who is perfectly satisfied with 
any conception that he can form of the nature 
of electricity — obviously necessary to an under- 
staniling of that electrical phenomenon which 
w'e call matter. But though the new theory ot 
matUu- is at present so unsatisfying from the 
point of view of exact hard-and-fagt science, yet 
it is already able to |xu’form an incaleulaole 
service for philosophy. Tiie old view of the 
nature of matter led directly to materialism, but 
t his do(*trine is now merely an obsolete absurdity. 
Founded, like half a hundred theological systems, 
in accordance with tho scientific knowledge of 
the time, it has to yield, as they have had to 
yield, to tho inevitable advance of such know- 
ledge. The great French philosopher and 
mathematician, M. Poincare, in his “Science and 
Hypothesis ” (translated into English a few days 
ago), has commented, with French lucidity and 
brilliance, upon tho fact tliat we are now com- 
pelled to regard our conceptions of matter as 
symbolic of a Power which is essentially 
unknowable, and the existence of which we can 
recognise only in its manifestations. . Now,, the 
gravest dogma of materialism i$ its 
assertion that mmd is a mere funetidn — ^a 
transient function — of matter ; but in the Hgjit 
of recent physics this is to say no^ung — it is to 
describe mind, that of which aloi^e'we have a||y 
immediate knowledge, as an occasional foneiibn 
of a symbol— -a symbol of a Something 
which we cannot know. 
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the student of farming how easily weed seeds are 
introduced into the soil and how difficult it is 
to suppress their growth in the existing state of 
our knowledge, except by persistently following 
the ordinary plan adopted in cleaning land. 

How to Suppress Weeds. One of the 
most prominent and destructive of weeds is the 
yellow-flowered charlock, or kedlo(!k, or wild 
mustard, which many farrru'rs have in the past 
attempted to destroy hy “ heading ” — i.e., 
cutting off the head or flower with the scrythe 
or hook. This practice is most destructive and 
costly, and should never be adopted. The char- 
lock may ho removed by hand- pulling, or, still 
better, destroyed by spraying with a solution of 
sulphate of copper to which quicklime has iK^en 
added. Preparations for spraying a variety of 
crops are obtaiimble from the manufae tuners 
of spraying machines, and especially of the 
Strawson apparatus. 

Although it is possible by fi'equent ploughing 
at sufficient depth to destroy docks, thistles, 
and nettles, and similar deep-rooted, tenacious 
plants, by far the best plan is to extirpate 
them by hand. Annual weeds are easily 
ch^stroyed by harrowing during dry weather, 
and in large part checked by the introduction 
of a flotik of sheep, especially on the stubble 
after the removal of the corn, with the obj<‘et 
of their consuming the weeds Ix^fore the majority 
have shed their seed. Tt has been remarked that 
the poppy, the most gaudy as well as one of the 
■worst of weeds, may produce over 10,000 seeds 
on a single plant ; hence the enormous importance 
of preventing the seeding of tliis weed. 

Weeds and Cultivated Land. Weeds 
whieli love wet soil quickly disa|)f>ear when 
it has been drained, while by the process 
<>f high cultivation — by which we mean the 
lilK*ral supply of manure — most of the weeds 
in pastures and meadow's vanish, owing to what 
we may term the better fighting power of the 
cultivated grasses and clovers, which, in response 
to an increased supply of footl, develop more 
vigorous pow'ers of growth. Thus tlu^ wild 
plants, common in a poor pasture, disappear as 
the pasture improves. Moss is seldom found 
in a grass field in high cultivation. The butter- 
cup, while thriving in a rich soil side by side 
with the cultivated grasses, quickly diminishes 
under the influence of lime, whether api.)lied as 
quicklime or in the form of basic slag. 

Thr Most Obnoxious Weeds of thk Farm 

A = Annual. B — Biennial. P reroniiial. 


A rahU. 

Com Cockle, A. 
duckweed, A. 
Charlock, A. 
Wild Radish, A. 
Willow-weed, P.’ 
Coltsfoot, P. 
Mayweed, A. 
Oxeye Daisy, P. 
Bindweed, P. 
Knot Grass, P. 
Nettle, P. 

Dock, P. 
Goosefoot, A. 


Meadow and Pastnre. 
Rest Harrow, P. 
Buttercup, P. 

Daisy, P. 

Hogweed, B. 
Knapw'oed, P 
Cowslip, P. 

Dandelion, P. 
Self-Heal, P. 
Plaintain, P. 

Sorrel, P. 

Dock, P. 

Ladies* Smock, P. 
Ladies* Bed Straw, P. 
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A table. 
Horsetail, P. 

Poppy, A. 

Spurrey, A. 
Shepherd’s Purse, A. 
Groundsel, A. 

Sow Thistle, P. 


Meadow and Pasture. 
Ragwort, P. 

Spear Thistle, B. 
Marsh Thistle, B. 
Meadow Thistle, P. 
Yellow Rattle, A. 
Mallow, P. 


Dodder (clover fields), A. Meadow Saffron, P. 
Broommpe (clover fields), Ramsen, P. 

P. Sedge (wet pasture), P. 

Rush (do.), P. 

Moss (do ), P. 


PASTURES AND MEADOWS 

Distinction Between Meadows and 
Pastures. A pasture is permanent grass- 
land used for the grazing of stock. Meadow 
land, on the other hand, equally permanent, is 
land which is usually mown, and subsequently 
grazed, although, where it is again intended to 
mow the crop, stock should not remain upon it 
after the first week in Februaiy. Tn some districts 
it is customary to mow a mi^adow in alternate 
years, grazing during the years betweem. Pasture 
land, upon which stock are fed with cake or 
com, may improve in quality from year to 
year, for tlie manure they produw is all retained, 
while its value is improved owing to the extra 
fooil consumed. 1’hus the animals may return 
fo the land a larger amount of fertilising matter 
tlian they extract from it. Further, the con- 
tinual treading of stock keeps it compact and 
induces the iini'i’ grasses to grow stronger. 

If the herbage of two fic'lds of identical 
character — the one being a pasture and the 
other a mcatlow— is examined, it wull bo noticed 
that it differs in variety and character. If, too. 
one part of a in(*adow' is skilfully njauured from 
year to y(‘ar, and the other part uiimanun'd, 
it will 1)0 reeognistMl that, a grt^at change has 
lx*en effected in the com|X)sition of the herbage. 
On the uiimuniired land the plants grown 
will lx* in gn'ater variety; there will be more 
w(‘eds and fewer grasses and clover. On the 
manured land tlui number of weed plants will 
be diminished, while the number of clovers 
and grasses will be increased. 

The Improvement of Meadows. 
Where meadows are mown annually, they may 
still be enabled to improve in quality under a 
regular and well -devised system of manuring ; 
the soil will thus iiKTease in its fertilising value, 
while both the quantity and the quality of 
herbage will improve. Some years ago the 
writer w^as shown the experimental grass plots 
at Rothamsted by the late Sir John Lawes, 
who espetually remarked on the varied cha- 
racter of the herbage upon each, as well as 
upon the remarkai)le influence which the 
manures had oxerttxi. Over a period of years 
heavy manuring upon various plots had resulted 
in the increase of the hay crop to some tons 
per acre, whereas, where no manure was em- 
ployed, the crop only just exceeded tons. 
Again, over a period of seventeen years, the total 
quantity of hay produced by the employment 
of large dressings of superphosphate, nitrate of 
soda, sulphate of ammonia, sulphate of potash. 
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and sulphate of soda, reached from 62 to 72 cwt. coarser nature. The best pastures arc in the 
per acre, while the addition of silicate of soda lowlands, especially in river valleys, on rich 
increased the crop to 85 cwt. marshes and alluvial soils ; and here it is cus- 

Manurin^ and Hay. To these facts toraary to feed off the crops with cattle. On 

wo may add that the composition of hay, from the other hand, the poorer pastures are on the 

a feeding point of view, is also changed where uplands, of which the downs are an example, 

manuring is systematic. Fen; example, the and here sheep are employed with the same 

employment of farmyard dung was followed by obj<?ct ; but it is seldom that wc hoar of erther 

a marked increase in the composition of the upland or lowland past\ircs being manured with 

crop in pot^h and phosphoric acid and a dung or artificials. Owing to the shortness of 

decrease in nitrogen and _ the roots of the grasses and their 

lime. Wo have already . (^onsctiucntly diminished power of 

shown that the varieties ^ extracting mineral foods, it is 

of plant growing on es.scntial that, from time to time, 

manured land arc re- fhe chief mineral fertilisers, potnsli 

duced in number. At phosphates, 

Rothamsted, w^hilo the sliould ho supplied if 

grasses proper never formed less produce 

than some 50 per cent, of tlu' entire good crops. Jf nitro- 

herbage, they reached on one plot \ \ genoiis manure is em- 

99 per cent. The leguminous, or ployed, the grasses will 

clover, herbage never exceixled ^ ciimn nxiuiow respond to it, hut at 

40 per cent., but in one instance - * . expense of the 

there was positively no clover at all. Again, clovers, whic h are of liigh value as food, unless 

the remaining herbage, chiefly consisting of phosijliatic manure forms part of the dressing, 
weeds, was so largo upon one plot that it reached To Get the Best from Land. Although 
40 per cent., and so small upon another that it the average British hay crop is only 23 (] ewt., 

did not roach 1 per cent. If, therefore, by the and the average English crop 24 cwt., a 

intense farming of grass-land weed plants can ij.ton crop corresponding to 5 tons of grass, 

he produced and clovers increased to the extent it nuist not Ix^ supposed that it is impossible 

to which these flgiiros point, it is obvious that to exceed this fiiiantity on soil of average 

the l)cnefit to the farmer from the point of <,uality. It is customary among farmers to 

view of quality may be as great as that from deprociah^ the value of tlu^ land thc^ occupy ; 

the point of view of quantity, but there is very little land in this country 

When GrasS"land is Profitable. which is farmed for a livelihood which could 

(Jrass-lnnd (;an make no profitable return unl(‘ss not lx* immensely imj)rovod and which would 

it is well culiivatf3d. There are tens of thou- not grow much larger crops hy good managed- 

sands of acres within easy distance of the inenl. 

metropolis which do not make a gross return of What do we mean hy tliis term ? Simply, 
£5 a year, and yet, under other systems of that the grass must he fed with manure, the 

cultivation, this same land is equal to the pro- lields in which it grows kept in rational 

duction of ordinary crops worth, at least, condition, the drains kept open, tlie ditches 

double the money. In many cases market cleaned out, the fences maintained, and tlu* most 

gardeners and nurserymen very largely exceed obnoxious w^eods pcuinant nlly remo v(h 1— we 

this figure, and there is little doubt that in some refer in chief to sueli as tlu^ thistle* and the dock, 

as much as £1,000 per acre is returned per annum for tirnii and manure alone w ill cause a suppres- 

by the aid of glass on the same class of soil. sion of we(*ds of a less marked cliaraot(*r. In 
The growth of grass for hay on lieavy the early spring grass-land needs harrowing, 

land is best stimulated by annual dressings k l>y wliieh m<*ans moss is pulled up, the 
of dung and artificial manures ; 5 tons of .soil jerated, embedded stones brought to 

dung with J ewt. of nitrate of soda and the surface for picking, the droppings of 

2 cwt. each of kainitc and superphosphate, (tattle spread, and the land prepared for 

or 4 cwt. of basic slag — the latter where hroadca.sting artificial manure. Befon^ 

the land is in need of lime — wull rolling — a very ncce.ssary opera- 

quickly improve the poorest grass tion, for grass(‘s like a .solid bed — 

fields, and, as year succeeds year, trianoular form of stones must be picked up and 
convert land which is almost bar- thorn hedok carted away, and mole hills and 

ren into a comparatively luxuriant anthills levelled. A tield is then 

pasture or meadow. For ordinary purj^oses, ready for the scythe as soon as the crop is grown, 

meadow land in fairly good condition may be Irrigation. Grass -land ^is occasionally 
maintained by the annual application of 1 cwt. irrigated and m<fintaim*d as a w^atcu'-meadow , 
of nitrate of soda with 3 cwt. of superphos- but the cost of preparation is considerable, 

phate, or 5 cwt. of basic slag. hence the system is unpopular. Under a normal 

A pasture is not so easily exhausted os a system of irrigation the wab^r is turned on to 

meadow from which the crop is annually the land, over which it runs through channels 

removed, and for this reason it is seldom made for the purpose during late autumn and 

manured. Gracing promotes the growth of the winter, when, owing in part to the fact that the 

finer grasses, and the diminution of those of a wat€*r is moving, and in part to the further fact 
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that it is cbargctd with oxygen, the grass is in- 
duced to grow during cold weather. Tn spring 
the water is turned olT, preparatory to the 
growth and harvesting of the crop, after which 
the land is again irrigated, tliat a sc*cond growth 
maybe encouraged for fet'tling stock in autumn. 
A student of gra.Hs and hay production will 
learn much by inspecting a w’tdl-manag<5d system 
of waU'r-meadows, which he may be ahU* to 
apply to his own farm should it be situated in 
such a position tliat irrigation may be possible. 

Laying down Land to Grass. Many 
of our permanent pastures hav(i been under 
grass from prehistoric times, (h’ass-land, how- 
evtir, is frequently ploughtnl up and planted 
w’ith arable crops ; but it is provided in most 
leases and agriMmients that the ploughing of 
p Tmancnt pasture is at the peril of the tenant, 
who is heavily penalis(‘d. It is much more 
common, however, to lay land down to per- 
manent pasture, although some years must 
elapse before it can be regarded as lirst-rate, 
however well the? work may be managed. 
Prciferably the crop in the 2)revious year should 
he r(x>t3 or potatoes. An opjK^rtunity is thus 
given for both cleaning and manuring the land. 
Jf the root crop consists of turnips, it may be 
fed off by sheep which are well supplied with 
cake and corn. In this way the droppings will 
further enri(;h the land and still Ix'tter prepare 
it for nourishing the young grass plants in the 
follow ing year. In some casi's land int(‘nded for 
grass is hare-fallowed — ?.r., it is cleaned, and 
no crop is grown. 

In all cases success depends upon the cleanli- 
ness of the land, sufficiently d(‘ep ploughing. 


fine tilth, a firm bed, and good seed. Care 
should be taken, especially where sheep feed off 
a turnip crop, that the manure they have 
dropped should be kept near the surface, so 
that deep ploughing should have preceded 
the sowing of the turnips, while subsequent 
ploughing should )>e shallow. Tliis ^yill ensure 
a firm and yet sufficiently fine seed-bed. The 
surface cannot be too fine, nor, subscqmmt to 
seeding, too com])act. Many expciricnced 
farmers prefer to sow grass and clover 
se(‘ds for permaiu'iit pasture in a wheat 
crop, especially for the rctison that, owing 
to the lapse of months since the wheat w'as 
sow'll, the })ed w ill be firm. Tf, before sowdng, 
the wheat is hand-hoed — although this is a 
costly operation — and subsequently harrowed 
in fine weather for the destruction of small 
weed plants, a grass .seed-bed will be prepared. 
I'lie seed may be sown with the barrow, as 
elsewhen^ described, covered in with very light 
harrows, and subsequently rolled to complete 
the proces.s. 

It is prohahl(‘, however, that the majority of 
skilled farmers sow thedr grass seeds in spring 
com barley or oats; hut whatever the practice, 
the suppression of weeds, the iirovision of fine 
surface tilth, and a compact seed-b(‘d, are 
imperative. It is obvious that the seeds should 
not only bo of high germinating power, but of 
great purity. In tlie (chapter on grasses will bo 
found suggc.stions for seed mixtures. The 
seed should bo sown and the whole operation 
coinplet(d in fine weathcT, tramping on a 
grass seed-bed in w'et weather, especially if 
the soil is heavy, being disastrous. 


Confinued 
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LI ANNTBAL had another great encountw' witli 
* * the Roman army at Canna» ; and, with com- 
paratively little loss to himself, he so completely 
conquered the forces of Rome that afU^r a while 
the battle became a mere slaughter of th<^ 
Roman soldiery. This proved the turning-point 
in his career. The Romans, though defeated 
in three battles, had still ample resources, and 
their defeats only tilled them Avith greater 
resolution, and made it the patriotic duty of 
every Roman to help his country, at any personal 
sacrifice, to recover her ascendancy on the 
field. 

Hannibal. Hannibal understood the situa- 
tion qiiito well. He kn(*w that f h(‘ Romans could 
create army after army to maintain their power 
in Italy, and he called upon his ow n countrymen 
to sustain him with the n- eded supplies. 'I'lie 
Gartluiginians, who had little natural inclina- 
tion for war, began to gi’ow^ tired of the demands 
made on them for reinforcements. .Uthough 
lie never wmted his means or his men, Hannibal 
soon found that by no (*ffort on his part could 
h(^ hope to carry on the war under the limited 
conditions his countrymen w'cre imposing on 
Inm. He spent a wint(‘r in (^ipua, which, 
although an Italian city, said to liavo been 
founded or colonised by tlio Etruscans, had 
gone over to Hannibal’s sidf? after the battle 
of Canna?. Capua w'as then especially famous 
for its riches and its extravagant luxury, and the 
legend passed into history that in tlu^ delights 
of that winter refuge the soldiers of Hannibal, 
and even Hannibal himself, became enervated 
by a manner of living previously unknown to 
their frugal habits. 

To this day Capua remains a synonym for 
idleness and luxury, and the commonly acrccptetJ 
legend is that Hannibal and all his forces never 
recovered their strength after that Capuari 
winter. There seems no reason to believe that 
any such effect was produced upon the CJcneral 
or those who bore arms under his command, 
for Hannibal subsequently gained many 
victories over Roman armies. It is cpiitc 
certain that tlie interval of rest at C*apua had a 
dwided effect upon the Romans and the 
Carthaginians alike. 

A Change of Tactics. The Homans 
began to find that they had made a great 
mistake in their plan of military operations, 
that they had undervalued the genius of 
Hannibal as a commander and the strength of 
the army which acted under his direction. It 
became clear to them that by opposing in the 
open field successive great armies to the army 
of Hannibal they were giving to the invader the 
best possible chance of succeeding in his project. 


Such a course of action deprived them of all 
the advantages they miglit have liad from the 
physical difficulties which the country offered to 
the progress of the invader. They found that 
only by sudden surprises, by keeping always in 
the field a large numbc'r of comparatively 
small armies, strong enough to make his 
progress impossible through regions where the 
mountains hemmed him in here and there, 
and by thus thwarting i‘very move he might 
attempt, could they nmder his final success 
impossible. “ In one small path a thousand 
might Avell he stopped liy tliree,’’ says a hero 
in Macaulay's “ Lays of Ancient Home.” 'Phe 
Homan leaders of Hannihars tlay prepared to 
act on tlu'st^ principle's, and to bring up forces 
enough to stay his jirogress in every difficult way. 

Hasdrubal. Hannibal began to sec that 
the resources of the Romans w'ere far greater 
than he liad supposed them, and that the 
moment one Homan army was defeated, with 
whatever amount of loss, another Homan army 
as large, or larger, was soon in the field. Ho 
found also that many of tlu^ Italian States which 
had been subdued by Honw' wi'ie now rnbying to 
her side* against the hweign invasion, and w'cro 
daily rendering his ultimate* sue*ces.s more? and 
more difficult. His military stiength w'as be- 
coming gradually diminishe‘d, arul his own peoples 
at home seemeHl little* ine'lined to eemtinuo 
to send him me*n and supplie's enough to give.* 
him any hope of ultimate vie*tory. lie' Avas e'X- 
pccting A\ith intense an.vie'ty the^ arrival of his 
brother Hasdrul)al in the north of Italy. Has- 
drubal, who Avas a brilliant seilelier, succec^ded 
in crossing the* Alps arul inare-hing into Italy in 
oi’dcr to evjinei to Hannihars aid ; but he* Avas 
dcfcateel by the* Homans, liis eirmy Avas almost 
e-ut to pieces, and he nie*t his ele'ath in the battle. 

An Interval. This e*A'cnt practically put an 
e*nd to all chance of Hannibal's success in his 
tre*mc*nfle)us unele'rtaking. Ho appears noAv to 
have given u]) for the time all hope of ofiensivc 
e)perutions, and his f>nly purpose* Avas to maintain 
himself in a mountainous region, and th(*re aAvait 
the jeossihility of e*ve*n1s. 'The* fact that he^ w’as 
emablcd to hold liis gre^unei for nearly four years 
preiA'cs how much the* military stremgth of Remiee 
must have* been eliminishe*d by so many battle's. 
But Hannibal kncAV wedl that the interval 
of e;omi)arative cossatiem from gre'at iniUlary 
oi^erations on both side's Av^as only giving to the 
Reunans all the lx*ttcr oppen tunity for organising 
new armies, and marshalling them to the* defene'o 
e>f their country. 

The Romans we'ie now preparing to turn tlie 
tide of w'ar by the invasion of Carthage, and 
Hannibal hocl to cross over to Africa in order 
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to take the lead in resisting this new enterprise. A 
great battle was fought at Zama, between Tunis 
and Algeria, in North Africa. The Roman army 
’Wiia commanrled by Publius Scipio, one of the 
most brilliant Roman generals of his time. The 
(Carthaginian army was completely defeated, and 
Hannibal himself only cs(!aped with a fragment 
c)f his forces. The struggle was now practically 
over, and ('arthage appeared to be almost at 
the mercy of the invaders. So complete a turn 
in the fortun(*s of a gnnit war is not often 
jctH^rded in military history. Hannibal appears to 
have risen at once to a full eomprehension of the 
actual condition of things, and lu? was earnest 
in his endeavours to bring about tcu’ins of peace 
between the Romans and his own people. 

The Destruction of Carthage. The 
loaders of the opposing States on both sides 
were probably alike anxious to bring this 
long war to an end. Scipio, when he retumed 
to Romo, received all the honours which the 
State could give to such a conqueror. To 
his namt^ of Publius Scipio was added that of 
Africaiius, in horuMir of his Africuin triumph. The 
destruction of (Wthage was practically accom- 
plished, and its inhahitants had already been 
compelled lo abandon their capital city and 
settle where best they could several miles inland, 
d’hus w'as realised the d(‘elara(ioii of Cato tlu^ 
Censor, the celebrat(?d soldier and scholar, who 
liad been one of the Roman deputies sent to 
Africa to assist in the tinal treaty bet\vc(‘n Rome 
and Carthage — the dc'claiation often re|)eated 
by him that Carthage? must be (h'stroyed, 
Delenda e.st Carthago. Thene oforward the whole 
Carthaginian region bcc;arne a province of Rome. 
The city itself numiined a ruin for more than 
,30 years, and th(‘!i was restored as merely the 
(japital of a newly created Roman colony. Tt 
had still some* position in history, and will have 
to be numtioned again at a later period. 

Roman Progress. Rome? was now called 
the ruling Power of the Western world. She 
ruled over Spain and Greece, as wc;ll as Italy. 
Her power extcnd<‘d from the Spanish coast into 
the heart of Asia Minor. She was making dis- 
tinct and rapid progress in political alfaira and 
in civil life generally, as well as in the business 
of war. Tlie effect, liowcvcr, of her recent 
conquests upon th(? condition of her internal 
affairs was in many ways just that which inviision 
and conquest commonly produce on the home life 
of the ruling nation, laixury and extravagance 
of all kinds were fast banishing the simplicity 
and the moderatit)n of former days, and were 
beginning to threaten the liberty of the people 
and the principles of the Ronian constitution. 
The adventurer who had made money by the 
pillage of subdued peoples was becoming a power 
and a subject of imitation and emulation at 
home, and even when he held no place in the 
State was often able to exercise a most pernicious 
influence over public affairs. Certain families 
became possc^s^ of enormous wealth, while the 
humbler orders of the people were growing |)oorcr. 

'I"hen arose some great reformers. Two of 
these — the Gracchi — will ever be renowmed in 
history. These brothers were the sons of the 
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celebrated Cornelia, daughter of Scipio Africanus, 
one of the most gifted and accomplished women 
of her time — a pattern of domestic virtue, who had 
watched with untiring care over the education of 
her two sons, whom slic was destined to survive. 
I'ibcrius Gracchus the elder of her living sons — 
slie had many other children, all of whom died 
at an early age — was deeply imprc'ssed by the 
(iondition of the poon*r population in Rome. He 
saw ho\y the condition of the vState was rapidly 
degenerating. He saw that reform in the con- 
dition.s of holding land must be the fii’st measure 
of improvement in the condition of the poor. 

Proposed Redistribution of Land. 
Rome had of late come to possess a vast terri- 
torial property, but the land had been practically 
appropriated by the nobles and by those men 
Avho, belonging originally to the poorer classes, had 
contrived to enrich themselves in war and by 
war speculations. The policy of Tiberius Grac- 
chus was that the 8tat(‘ should once again take 
possession of all the lands thus appropriated, and 
divide tlu'in anew in such a manner as to enable 
the poorest men in the State to have some share, 
however small, of these Roman possessions, 
'rhere was already actually in existence a 
public law which forbade any individual to 
possess any more than 500 acres of public land, 
the Roman acre bcincr only about half the extent 
of (he acre aec'ording to modern English measure- 
ment. That law, however, had l)cen entirely 
ncglt‘otcd during the rush for land among 
the Patricians, wdu'n recent invasions and con- 
(|U(‘sts had giv(‘n them opportunity for such a 
contest. Tib(‘rins (Jracchus, while proposing to 
re divide the national landctl property, proposed 
also to pay an indemnity to de])nvcd landlords 
for any inoiU‘y actually expended by them in the 
improvement of the land. These reforms wew 
fiercely resisted by the Patricians anti all their 
support<*rs and dcf>cndcnts. Ficret* riots were 
the result of this contest, and Tiberius Crracchus 
was killed on tin? very steps of the Capitol. 

The Mantle of Tiberius Gracchus. 
Then came the public caret'!* of liis brother, 
Cains (Jracchus. He was elected Tribune, and 
lie adopted his brother’s plans of reform and did 
his best to carry them out. Indc'ed, he did not 
merely his best to realise all the reforms which 
his broth(;r had undt*rtaken, but went even 
farther in the same direction ; and his influence 
was r.o great with the people that for him to 
propose a measure was to secure its success by 
the ijopidar vote. He succeeded in depriving 
the Senate of some of the exclusive privileges 
which they hold most dear, and accomplished 
many important alterations in the judicial 
system of the State, tending to make the 
administration of the public laws less of a 
monoi)oly in the hands of the Patrician order. 

He was (elected Tribune for the second time, 
and then the Senate endeavoured to put into 
execution a rather ingenious plan, or rather a 
plot, for the undermining of his influence with 
the jKmple. They prevailed ii{K)n one of his 
colleagues in the Tribunoship — it was commonly 
believed by rew'ards and other corrupt means — 
to propose measures of reform far more extreme 
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and revolutionary than Cams Gracchus, with 
his statesmanlike judgment and desire for the 
common good, bad ever thought of adopting 
t>r recommending. There was at that time 
arising from the influence of the Gracchi them- 
selves a thirst among the people for revolution 
rather than reform, and among those who ha<l 
hitherto strenuously supported the measurcH of 
Caius Gracchus was a eonsiderahle pi’uportion 
of men who began to regard their former leader 
as behind the age in his political reforms. 
The immediate result of this secession ^\as that 
Caius Gracchus failed to secure his election as 
Tribune for a third teim. As soon as this had 
t)ecn accomplished, and when, under the influence 
of the secession, the l^atrician order had obt ained 
a more submissive personage to hold his pla<‘o, 
t he Senate began to work for the repeal of some 
of the reforms which he had succeeded in carrying 
into law. 

Reaction, (^aius Gracchus was not tlio man 
to put up with these attempts, and he presented 
himstdf imblicly in the Forum to oppose and 
tlenounce the schemes of his enemies. Tlie 
Forum was crowded, and a furious riot took 
place, in which the sui)porterH of the Patrician 
order were again able to win the day. Some 
.‘1,000 of Gracchus’s supporters were killed in the 
tight, and Gracchus himself was compelled to 
fly for refuge to a neighbouring grove, a grove 
which, ominously enough, had been dedicated to 
the Furies. There, seeing no hope before him, he 
took counsel of despair. H(‘ had with him as his 
sole companion a devob^d slave, whom he 
ordered to kill him. The slave obeyed, and 
having killed his masU-ir, then killed himself. 
A reaction in the popular feeling against Caius 
Graeohus soon set in when the news went, abroad 
that the onco popular Tribune was dead. Tlie 
Plebeians broke out into renewt^d admiration 
of their former advocate and hero, and end<*a- 
vourod to show their contrition by raising 
statues to both the brothers. The mother of 
the two Tribunes long outlived her sons, and 
when she died had her tomb inscribed with 
the words : “ Cornelia, mother of tho Gracchi.” 

“ Tho last of the Gracchi,” said Mirabeau, 
the great Tribune of modern days, “ wlieo 
dying flung dust towards heaven, an<l from that 
dust sprung Marius.” Marius 8eem(*<l, indeed, 
as if he had come into the world to avenge 
on tho Roman Patricians, and on those who 
supjjorted them, the wrongs done to '.riberius 
and Caius Gracchus. Marius was a man of 
humble origin, born of a poor family in a pro- 
vincial village. He was brought up w^ith little 
or no education, but he began early to show 
his great capacity as a soldier, and served with 
distinction in many battles. He soon proved 
that bo had a much higher military genius than 
was necessary for a common soldier, and that 
Nature had intended him for a great commander 
in tho ordering of war. 

Marius. It became known to the general 
public that his political sympathies went much 
with the suffering Plebeian order, and he was 
elected Tribune of the people. He still, however, 
carried on his military work, and served in Africa 


during the war against Jugurtha, King of 
Numidia, in North Africa; and, indeed, Marius 
was mainly instrumental in bringing that war 
to a close, after which Numidia became a 
subject country or province of Home. Marius 
in his civil capa(?ity endeavoured to introduce 
certain levelling acts of legislation w'’hicli greatly 
anger(?d the Patricians. As generally happens 
in such a career, he dief not go far enough in 
his levelling policy to satisfy all tho dora.ands 
of those who w'on^ following him and urging 
him forward. On the otlier hand, he con- 
ciliat(‘d to a certain extent the favtiur of the 
Patricians by a marriage with a w^oman of their 
ow'ti order. He became tho husband of the 
Patrician Julia, grand-aunt of Julius Ciesar. 

Tribal Wars. New w^ars broke out with 
some of the Teuton raet‘s, and the (Mnibri who 
had scuttled in the Peninsula, a narrow' strip 
of land running botw'(‘en Hellesjiont and the 
Gulf of Melas, a river of Thrace, 'rhese tribes 
were making frequent invasions into (Haul, then 
regarded as a province of Rome, and they 
actually defeated five Roman armies. Marius 
w'as then in Africa, but Rome summoned him 
back to undertake the work needed for the 
defence of the Republic. Marius hasten(‘d to 
Italy, and prepared to encounter tho ('imbri. 
He was completely victorious over Cimbri and 
Teuton alike, and the carnage amongst the 
defeated combatants appears to hav('. been 
something like a massacre. 

Marius returned to Rome with all the pride 
of his later victories to stimulate him. His 
ambition was not Hatisfled, although he was 
appointe^d to tho office of Grmsul for several 
successive years, not because lie was occupied 
in c'onsular duties, but merely as a reward for 
his services in war. TIkto was a now struggle 
between Marius and the Patricians, and tiie 
Patricians adopted as tlu'ir eamlidate a well- 
known personal enemy of his. Marius liad by 
this time beeomo tho luu’o and tln^ idol of tiu; 
peojih*. He w'as p(»pularl 3 ' proclaimt^d as the 
saviour of the 8tat(% aiul liailed as tho third 
ounder of Rome. He was mad(i Consul for the 
sixth time. 

Sulla. Hut a rival w'as now arising, a man 
destined to h^avt^ his imprint on tho history 
of Rome. Tins w^as Lucius Cornelius Sulla, who 
Ixdongod to a Patrician family. He had, had a 
good education, possessed a strong love of 
literature and art, and had In'cn a close studemt 
of the literature of (teeece as well as that of 
his own country. IJke most young Patricians, 
entered upon a military cancer; ho served 
underMariusin Africa, and showed from tho first 
a remarkable capacity for success in the field. 
He was a man of strong ambition, and it has to lie 
added that his lih? all through was much darkened 
by sensuality and even debauchery. Ho took 
service under Marius in the. wars between tlie 
Romans and their enemies the Cimbri and the 
Teutons ; and in these wars, which spre^ad 
over a period of more than two years, he won 
for himself so great a re})utation that Marius 
soon beciame jealous of his fame. Disputes arose 
between them, and Sulla c(*asod to serve under 
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the commander within whoHe rankn he had risen 
BO high. He accepted a position in the forces 
led by another general, and after a while ob- 
tained the chief position in that army for 
himself. 

Rivalry between Sulla and Marius. 

Afttjr the return of Sulla to Romo the rivalry 
betw(Mui him and Marius began to make itstilf 
more distinct and dangerous. "Iho Patricians 
took him up eagerly, partly because he belonged 
to their order and partly because his talents 
and his eolebrity seemed to mark him out as a 
))oworful champion of their cause in the t)olitieal 
struggle then going on. New wars broke out 
in foreign countries ; Sulla bad many oppor- 
tunities of winning success as a commander, 
and the greater his success in the field the greater 
l)ecame the lulmiration displayed for him by 
the Patrician order. Marius was now no 
longer young, and his rival had all the 
advaKtago of comparative youth. The struggle 
betw(‘en the orders soon bc(^amo a civil war, 
and at first the tide of fortune sot in wholly 
against Marius, who had to Hy from Romo. 
He foimd refuge, after many dangers, by making 
his way into Africa. 

in tile meantime tlio friends and followers of 
Marius in Romo were not idle, but made every 
preparation for his restoration to his fornu'r 
place as the leader of the popular order. His 
most active and powerful friimd in Rome, 
Lucius Cornc^lius (’inna, exerted himself to 
the uttermost for the eom])let(' overthrow of 
the Senate and the Patricians, and for the 
recall of Marius to Rome. These efforts were 
defeated at first, and (Mnna had, for a time, 
to leave the city; but he soon returiujd and 
organised a popular rising in supfxirt of his 
plans. Marius came back to Italy, and, in co- 
operation with Cinna, led an invading army 
against Itome. Tlie city had to yield under 
the sudden pressure, and Marius had now 
ample opportunity for satiating his revenge 
upon the aristocratic order. Ho behaved iis, 
even in those wild days of warfare, no foreign 
and conquering invader would have done. 
During the greater part of a week he employ al 
his slaves— not his soldiers — in a massjwre of 
the Patricians in Romo. Now, indeed, it would 
seem as if the handful of dust thrown up towards 
la^aven by the last of tlie dying Gracchi had 
wrouglit its full vengeance in the success of 
Marius ovtjr the Palrieian order. The success, 
how^ever, did not last very long, and Marius 
died soon after. 

Sulla's Triumph. But Sulla was yet to 
come. He entered Romo in triumph and 
utterly crushed for the time the followers of 
Marius. Later ho won victories over foreign 
enemies also, returned to Italy, and became 
master of Rome. The State was now 
thoroughly weary of the civil struggles which 
had been going on so long, and seemed, above 
all things, to yearn for an absolute master. 
Sulla was created Dictator, supreme ruler of 
the State. And then followed a period of 
proscriptions, a real reign of terror. He crushed 
his enemies without remorse. During his rule 
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some groat reactionary changes were accom- 
plished by his authority, all having for their 
object to restore, and even to enlarge, the 
power of the Senate and Patricians. 

Sulla’s supremo position induced him to indulge 
to the full all his love of sensual excesses; 
he w'ore out his physical strength in revelry 
and debauchery, and died soon after while still 
in his prime. He had hardly been laid in his 
grave before the preparations began for new 
constitutional changes and for the resurrection 
of tlie democracy. It will be soon that during 
all this period every chance for the establish- 
ment of some settled form of constitutional 
government, with legal equality for all classes 
and the maintenance of civil union, had been 
blighted by the unceasing succession of wars 
against other Italian States and against foreign 
rulers. Evem if there luul been groat and en- 
lightened patriots at home to carry out the 
miieli noedfxl change's, it would have been 
hardly possible for such men to accomplisli 
tlu'ir fKuiceful revolution wliilo the State was 
still distracted by these foreign enterprises and 
civil wars. 

The Coming Man. The tenthmoy of things 
se(‘ru(‘.d to point to the necessity of some man 
arising who could make himself for the time 
supi(‘mo mast(‘r of the whole government of 
Rome. I’he pi^oplo were becoming weary of 
the incessant strife at florae and abroad, and 
<‘sp(X‘ial]y of tlu^ continual struggles between 
this faction and that to obtain the mastery 
over tlie Roman people. 

They were Ix'ginning to feel that they could 
gladly welcome the rise of any Power, oven 
of an Imperial Power, which could promise 
them a (piiet and steady existence, and 
allow' them to carry on their ordinary 
daily lives in peace, without the exaction 
of enormous tax(*s for the mainttaianco of 
armies, the reekh'ss waste of public money, 
and the ruin of civic interests in the struggles 
of rival orders. Kings had been tried ; consuls 
liad been tried ; tribunes had been tried, and 
nothing thus far had been established — for a 
change in the form of government does not 
necessarily carry with it any actual change in 
the political conditions of the State. 

All the provincial States of Rome, the Statt?s 
not actually Roman by population and by race, 
were feeling keenly the exactions and oppres- 
sions impos(xl upon them by war, and were 
sometimes willing to join even a foreign enemy 
in the hope of obtaining better conditions for 
themselves. The time seemed specially adapted 
for the experiment of a dictatorship in the 
person of some man who had proved himself 
eqiuil to a resolute effort at the remoulding of 
Rome’s political condition, and who would not 
depend for his position or his opportunity on 
the support of one or the other order, one or 
other faction, in the Roman Republic. That 
man was then living, and was destined before 
long to take his place. The hour was soon 
to come, and the man. 

Continued 



Group 28 

FLAX, HEMP, JUTE, & RAMIE TEXTILES 

The Preliminary Processes of Manufacture. Pulling, Retting, 

Sorting, Scutching, Roughing, Hackling, Softening, and Filling I (‘oiiUmiert from 
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By W. S. MURPHY 

FLAX Retting Pits. Dig shallow, square pits [50], 

Some of the earlier operations in the with slanting sides ; lay the bundles of flax, root 

treatment of stem fibres are agricultural rather downward, in the pits, sloping them to the 

than manufacturing ; but the principle's of four sides. When eaeh pit is full, pour in as 

the industry run through from start to much pure, soft ^\ater as the pit will hold, 

finish. cover over with a layer of stiff rushes or straw. 

Pulling. When the flax sU'ins have and over that put a solid roof of turf ; then 

yellowed half-way down the stalk, then is Uie hold all down with heavy stomps. bVrmenta- 

time to begin pulling. Hand labour is employed, tion quickly sets in, decomposing the woody 
though no great skill is required. It must not fibres. As this action is very pow'crful and by 

be understood, however, that flax may be pulled it« nature destructivi? of all tissue, it needs to 

anyhow. In this, as in most operations, there be carefully watched, and, fnjm the effluvia 
is a right method, and a great many wrong ones. arising, the duty is not a very agrwablc one. 
Flax stems grow closely and evenly together. When the w^oody boon slips ejisily from the 
Ihercfore the skilled worker can take a handful fibre, the fermentation has gone far enough, 
and pull them out by Ihe root. Wrenching and the pits may be open^. Lift off the 

will not do ; the pull must Ixi straight and clean, coverings. One man usually stands inside the 

taking no more of the soil than clings naturally pit, fakes hold of a bundle, rinses it clean in the 

to the root tendrils. Giving the roots a shake, water, and hands it up to his partner, who sets 

the stems are laid evenly dowm along the row'. each sheaf up, as he receives it, into posifion 

Bruising or breaking of the stems must t)e for draining, pieparatory for the next process, 

avoided. As a rule, the pullers arc followed by the Factory Retting. Ilje factory method of 
“ beeiers,” who shake the _ I'otting is not yet largely 

roots thoroughly clean adopted. From among 

from adhering soil, and lay several processes, we 

the stems out in sheaves >voukl select that of 

or “beets,” putting heat 

those of equal length set'iuing to offer the 

together, the root ends ifiiltfHjlidy dcvelop- 

even. Then the sheave's ^ When brought 

are taken up and th(^ liax t ||j| ~ from the fields, the 

made into bundles. ^ flax stems arc run 

gathered, either ^ machine or softener f 51 ], 

landor this country, but, consisting f a series of 

if it be considered worth jri^AK rettino cit fluted rollcis, in which 

while, is secured by a the sUmis are crushed 

kind of hackling, called ripplimj. On the end loosely, so as to bruise, but not to cut the fibres, 
of a plank a row of tall spikes is fixtrd, and the Thus loosenc^d, the st^'rns are put, into shallow 

plank is fastened on two supports. With the iron vats, on the bottoms of which arc coils of 

sheaves laid in order by the side of the plank, steam- f)i pcs. Having ht'cn pac'ki'd with fibre, 

the man gets astride, and pulls handful by the vats are filled with water, the lids of 

handful through the comb of spikes, rippling the vats are closed, and steam sent into the 

olf the seeds. coils of piping in eaeh vat. Fermentation 

Retting. Here wo come to the trouble is thus set up, and rapidly brought to a height,, 

which always faces us whenever w<^ w^ant to use The /u'tioii is also easily controlled. Wh(*n 

a hast or a stem fibre. Naturally, the fibres sufliciently ri'tted, th(‘ stems arc taken from 

hold on to the wood or vegetation they were the vats. 

horn to support ; but the substances so impor- Grassing. Whatever proi'ess of retting 
tant to the fibres are a nuisance to us, and they be used, the fibres must lu^ aired and partially 

must be got rid of. We shall see many inethoils, bleached by what is fitly termed granJiing. The 

but the general plan adopted for winning the shcavt's are thinly spretid out on the grass, and 

flax fibre from its woody core is rdting., left exposed to the sun and air, IxMng sweetened 

more scientifically termed fermentation. Two and freshened in the process. After due ex- 
methods of retting are practised, the one the posure, the sheaves are gathered again, tiu* roots 

field and the other the factory method. First, being all at one end and mode even, 

we shall take the field retting, practised univers- Scutching, Here wo have an example 
ally from beyond the beginning of history up of one term used to signify very ditferent things, 

till about fifty years ago Seutehing cotton is a very diftertmt process 
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from scutching flax, and comes in the op}X)site 
order. C5otton scutching is the last of a series 
of preparing operations, baling, opening, 
and blending having vome |[)eforc ; flax 
Bciitching is the first mechanical operation, 
if we follow the field method of retting. Yet 
the main act of both operations is the same. 
The old name of cotton seutehing was batting, 
and the Egyptians scutclied flax by baiting or 


boating. Further, the scutching beater, working 
insid(» the cotton scutching machine, is just a 
miniature of our flax buffer, or heater. The 
real explanation is, that wliile the former has 
become complex and applied to refined purposes, 
th('- lattei' has remained simple. 

ScuUsliing is really two operations. First, 
there is the breaker or softener, and then tho 
scutcher. Hut the breaker need not detain us 
long. It is simply the set of fluted rollers 
already seen in the factory method of retting, 
'fhe solo diflVrencc Iktg is that tho breaking 
is done more thoroughly. Wc i);.iss the root 
end of the handful of flax through, bring it 
back and send the top end through, softening 
and breaking away the librcs from the whole 
leimth of tlu! stem. 

The Scutching Machine. Now we eomo 
to the son telling machine. Seen standing still, 
it seems a primitive contrivance. On a spindle 
geared to high speed, five arms are fi.xcd, like 
the spokes of a wheel, and on the end of each 
arm projects a flat blade of hard wood. In 
front of the beater, and nearest the worker, 
is an iron stock, standing upright. 'Phi? method 
of ojierating is equally simple, though not 
nltogciher without .an element of danger and 
difficulty, (ailling for some skill. You take a 
handful of flax, and ]Mit on the drive. 'Jlinist 
the flax in, root end first, over the stock and 
within touch of the beaters, letting tho stems 
go in as tho beaters draw, till a little Iwyond the 
middle of the length, then pull out, reverse the 
fit/cms, and scutch the other end in the same 
way. Our handful is named a finger ; but after 
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the flax has been scutched, it has to be divided 
into quantities called stricks, each weighing 
about a third of a pound, and made up into 
parcels of 14 Ih. In this form the flax cultivator 
sends the fibre to the market, and sells it to the 
spinner. 

Cutting. When we open out a stone of 
fine flax, the first thing to be done is rough 
sorting. This is chiefly done as preliminary to 
cutting and ranging 
the fibre into hand- 
fuls, or “ pieces,” for 
the cutter. The cut- 
ting machine is a 
blunt circular saw, 
with a pair of 
grooved pulleys on 
ca(;h side. Wc feed 
the flax into the 
pulleys, so that the 
saw will cut off 
about a third of 
the length from the 
root. The saw runs 
at high speed, and 
the pulleys revolve 
slowly carrying tho 
fibres against the 
blunt teeth of the 
saw. The root end 
is laid aside, and 
the remaining part 
is halved. Wc thus 
have throe lengths of fla.x - the coarse and 
strong root ends, the line and strong middle, 
and finer, but wi'aker, tops. Separately bundled 
in stricks, these pieces are ready for further 
operations. We leave them aside, meanwhile, 
howev(M‘, becansi? the gr(*at mass of tlie flax 
is not cut. Only llio very highest class 
is dealt witli in lliis way ; hand-scutched, 
Kiga, and most home grown qualities, go 
directly to the first hackling, or roughing, as it 
is called. 

Roughing. Because tliis work has never 
been highly paid, the outside public have 
imagined tliat it is not mucli of a craft. No 
greater injustice could be done to any class of 
industrious workers. Many persons enjoying 
high salaries in more favoured trades would 
make very poor roiighers. Deftness of hand, 
quickness of eye, and flexibility of muscles are 
called for at the work. The tool of the rougher 
is a strong hackling comb, consisting of a tin- 
.sheathed stock J in. thick, into which are 
set strong steel spikes, 7 in. long, tapering to 
a tine point. Screwed into a board, larger all 
Avays than itself, the comb is fixed to the 
end of the workman’s bench in a slanting 
position, tlie points leaning away from the 
rougher. Opening out the bundle of flax, we 
take a portion between finger and thumb, 
flatten it out, and even the ends on the bench. 
In this way, a ‘‘ finger ” is formed, the quantity 
being so named because it is as much as will lie 
comfortably on tho fore-finger, and between it 
and the thumb. Grip firmly by the top end, 
whip behind, like the lashing of a whip, to open 







51. IIEMI* OH FLAX SOFTENER 




TKXTILC TRAOCa 


out the fibres, Hien bring down on the comb, “ tow,” and the long fibres which survive the 

and pull through. ordeal are named “ line.” Tow and line 

Kasy as the action seems, dcscribt^il in this part at this point, to be s(‘parately treated 
way, much practice is needed before d(‘xterity and made into yarn — perhaps to rejoin again, 

is 'acquired. In addition, the rougher is re- the former as weft aiul the latttu- as warp in the 

(piired to exercise his judgment as to the exact linen. We enter more deeply into that matter 

amount of work the flax will stand, beginning when wv deal with the far larger ({uantities of 

near the end, the flax is thrown faiiher and botli kinds of fibie whicli come from the hack- 

farther into the comh, till near the hand ; tht‘n ling m.iehines. 

shift, bringing the top end to the coinl», and Machine Hackling. Our object in 

work it through in the same way. When hackling ha.s hcvn siifli('iently indicated by the 

satisfied that the fibres have been combed out hand operation ; we can tlicreforo proceed 

(rhnir of dirt and rubbish, square the root ends directly to the ma-<‘hinc itself. It may be sai*i 

on the touch pin at the side, give the bunch a that there arc .several kinds of machines ; but the 

twist over, and lay on tht* side of the beneh. principle of all is tlie sjunc, and, by taking the 

As roughing is usually piocowmk, quicknt'ss l.s most important and complex, wo include the 

a quality almost indispensable, (dear the tow others, saving the student a good deal of weari- 

f rum the tc'oth of your hackle and begin again. some technicality. In general structure the 

Hand Hackling. There arc various hackling maciiine is a scpiare iron frame, under 

reasons for hackling by hand, even in factorie.s tlio top bi^ams of which hangs a railed bar, 

equipped with the very best machinery. The gt'ared to move up and down and to and fro. 

logic of the market drives even the proudest In the centre are two endless bands, carrying 

of old-established firms into new methods. iron bars studded witli spikes, strong and wide 

Perhaps the best and most potent reason for apart at one end and bec(,)ming finer and clo8(*r 

the continued practic(* of hand hiuikling is the set towards tlu^ oth{‘r end ; underneath, a set 

fact that for fine and spt'cial work the hand of brush rollers ; and, in fiont, a long trough, 
worker produces better results than the machine'. extending ju'ro.ss the whole machine. 

The first comb tiscd by the backler, as dis- By observing this mac^hine |52] in operation, 
linguished from the roughei', is the “ common we may bctb'r understand the details of its 

eight.” In this comb the teeth are fimu*, construction. 

shorter, and closer together. But the mode of 'Hie railed bar we noted on tlie head of the 

operation is quite diUVrent. BotJj hands are machine is the holder (‘haniiel, and on it are 

(‘luployed. Having selected 
the batch, lay the top on the 
backboard of tlie hackle and 
hold with tlie left liaml ; with 
tiu' right draw down tin* 
fibres into tht‘ comb and pull 
through. Repeated till the 
tiax is hackled, this opera- 
tion must be earidully done. 

Nothing is more common tluiri 
for th(’ novice to find all his 
libre gone to tow —that is, he 
has hackled all his tla.x away, 
and his wliole bunch is in 
file teeth of the hackle. But 
the expert knows just how' 
deeply to let the fibre into 
the grip of the steel teeth, 
and what force to put into 
his pull. For fine yarn, the 
process of hackling is carried 
much further. The “ fine 
eight ” is considered the 
ordinary finisher, but the 
‘‘ ten,”' the “ tw elve,” and 
the ” eighteen ” may be 
called into requisition. As 
the art of the backler is 
practical, and dependent more on the ability set the holders— <louble plates of iron, 11 in. 

of the individual worker than on anything else, by 4 in., and held together by bolts and screws, 

directions are not of much use. The object in These arc taken down by the ” filler ” hoy. 

hackling is to retain all the long fibres and and laid on his bench. Ho has the stricks of 

< omb out the short fibres. An expert backler flax, as they came from the rouglicr, and, lui- 

will bring out a splendid tress of flax, cleared of screwing the plates of a holder, he lays one strick 

tow, not having lost a single long fibre. The and then another, spread fiat, on each side ot 

fibre adoring to the hackling comb is called the bolt. Having done this, he lays the other 
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plate on top and screws them firmly together. 
Corrugated indiarubl)er lines the insides of the 
plates, to give them a firm hold of the flax. 
In this way the lad fills all the holders, and then 
places them on the holder channel in the 
machine. The fibres now hang, root ends 
downwards, like tresses of coarse hair. We are 
ready, and the machine starts. '^I'he motion of 
the long, horizontal hackling bars is always up 
on the outer side and down on the inner or 
centre side. The holder channel always brings 
the tresses of flax down the centre, between the 
hackling bars, and lifts them up again, at every 
lift sending the holder a stage along nearer the 
end of the machine. We have thus a double 
combing motion, the endless bands of hackling 
bars pufling down and the holder channel 
drawing up. As the hackling bars emerge 
from action, their tectli are 
cleared from tow by the doffing 
brushes, from which another 
brush or doffing comb brings 
the tow into the tro\igh at the. \ 

foot of the machine. Some / 
machines are doffed by bar- IKl 
strippers alone, or by combined ^ 
brush and bar doffing apimratus. . 

When a holder has run fhe 
full course, the slide rack pro- ^ 

jects it outside the channel, and 11 am. 

the attendant lifts it off, and 53 

lays it on a bed, within which 
another holder lies ready. The , — j — 

pendant flax drops in between I i 

the open plates of the fresh 
holders, 
and is 
loosened 
from those 
in wdiich 
it has been 
li a c k 1 e d, 
t li e un- 
hackled , 
o r t i o n 
being thus F 

exposed, j 

This n(‘w ~ 

holder is 

screwed 54 softener 

tight, set 

in the channel, and (he top end of the flax is 
hackled. Great care is reipiircd in the setting and 
working of the haekling machines. The endless 
Imnd ol hackling bars is stretched between two 
rollers —the lower one supplying the driving 
power and the upper one acting merely as 
support and carrier. If the hackling pins are to 
l>e efficient, they must intersect, the one set with 
the other. The measure of intersection depends 
on the thickness of the fibre, and the weight of 
the hackling bars in motion tends to make 
them sag and fall out of plumb. For these 
reasons the upper rollers are adjustable, the 
tightening of the bands and the degree of 
intersection being regulated by means of power- 
screws set in the iron frame and Avorking on the 
sockets of the rollers. 
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Sorting. Hackled flax has a very 
appearance,' the long, silvery, or yeUowish 
tresses closely resembling silk in their sheen. 
Of course, a touch dispels the illusion, for the 
fibres, though soft, have not the smooth flexi- 
bility of the finer material. In this condition 
the flax comes to the sorters. Here, once more, 
the essentially primitive character of flax 
manufacture asserts itself. Sorting is a skilled 
craft, to be acquired only by practical experience 
under the tuition of a good workman, and by 
the cultivation of fine sight and touch. Let 
us enter into the spirit of the sorter at his bench. 
On the bench are placied in order a row of boxes, 
labelled 2 lb., 3 lb., 3i lb., 4 lb., and so on, 
according to the old system,, by which fineness 
was denominated by weight, not unlike in 
principle our method of detcu*mining the counts 
of yam. At the side of the 
bench stand two hackle blocks, 
one coarse and one line, the latter 
being named the switch. From 
the ranged fibres the sorter 
^ \y\\ selects a lock of flax, and deftly 

separatiis it with his fingers, 
/JJI touch helping him to determine 

exactly the degree of fineness. 
^ With a quick motion he draws 

the fibres through the haekling 
II blocks, one after the other, 

sctiTOHER Straightening out the slight 

SCUTCHER tangling which may have re- 

mained after the haekling ; 
1 then, striking the projecting 

OIL AND WATEH TANK fj-()m tllC TOOt CUds tO 

make 
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c J square, he 

LS ^ throws the 

J “ line,” as 

i — we miJst 

END acvATioN HOW Hainc 

it, into the 

box proper to its quality. 
From the sorter the various 
qualities of fibi’e are taken 
away, and labelled for use. 
These uses belong to a section 
of the textile process to which 
we must give special and de- 
tailed study. 

DRESSING HEMPS 
Common Hemp. In the competition 
among the various fibres for the textile market, 
hemp has not betm witliout faithful and ardent 
supporters. Hemp, say they, is among the 
neglected fibres ; there are possibilities in it 
which have not been utilised. At present the 
fibre is treated as a kind of inferior flax by most 
manufacturers, and this is objected to by the 
partisans of hemp. After due consideration, 
however, of all that has been put forward in 
favour of hemp, we are bound to conclude that 
the practical judgment which places hemp in 
a midway position between flax and jute remains 
justified. It may be admitted that hemp 
yields a longer and more uniform staple than 
flax ; but the advantage of a very long staple. 


with our present methods of spinning, is more 
than doubtful. 

We certainly welcome the rivalry of fibres for 
favour at the hands of the textile trade, because, 
whoever loses, the industry must Ixmefit. For 
example, we understand that the method of 
retting already described as the indoor or factory 
method was first adopted by users of liemp. 
In practical fact, with only slight difTerences in 
nomenclature, the processes of hemp and flax 
manufaciture are identical. The student, how- 
ever, must always be on the alert, and be rt'ady 
to observe any improveintmts wliieh may b<> 
introduce<l into cither process. It is quik^ con- 
ceivable that the flax manufacturer might find 
hemp taking hold of his market, hi'cause, by 
an improved process, the hemp woikor had so 
softened and refined his fibre as to claim the 
premier position. 

Manilla Hemp. Tlie pre- 
paration of Manilla hemp is 
mostly done in the country 
where it is grown, by native 
labour, and by hand. It arrives 
in this country in bales of licavy 
fibre. The lower qualities are 
liackled and scut(?]i(‘d, but tho 
higher grades jire 
})asse(l directly on 
to tlu* spreader, or 
carder. At our pn^ 
sont stage of study, 
therefore, wo have 
little to do with 
Manilla hemp, be- 
y( )nd seeing i t o pened 
out of the bales, tho 
good separated from 
the bad or damaged, 
the latt(?r sent to be 
treated along with 
coarse flax or hemp, 
and the fornuT 
shaken out and 
sorted for tho 
carders. 

Sisal Hemp. 

Like Manilla, this 
hemp is brought into the state at which it can bo 
dealt with by the carder before it loaves its country 
of origin. But there arc circumstances which 
impart a special interest to the early preparatory 
proeesses of sisal. As already shown, sisal is 
deiiv’-ed from a fleshy leaf, the fibres l)cing under 
a soft skin, which must he pe(*lcd off. So long 
as there w'tis no great demand for tho fibre, the 
slow pi*ocess of hand decortication was accepted 
as the best possible, but the huge demands of 
the American farmers for a cheap binder twino 
caused enterprising manufacturers to look out 
for quicker methods. Previously, barley in 
this country, and hominy in America, had been 
decorticated, or husked, by a kind of iron 
^ater device, and the hint was taken up and 
improved upon, with the result that a mechanical 
decorticator was contrived. As seen on the 
plantations at Yucatan, tho decorticator [65J is a 
huge, clumsy struotun>, but it embodies the root 
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principle. Into this curious combination of 
drums and wheels, tho ppneas, or loaves, 
fed, to issue at the other side in streams of 
flbres. Tho leaves are stripped by knives with 
turned edges in aii endless hand. What-ev<'r 
may be the defects of this machine, it has cer- 
tainly shown, in a pracii(*al fashion, that the 
problem ynestuited by the mechanical dc'cortic^a- 
tioii of long fibres is soluble. 

Having thus been made into a clean fibre, 
sisal is ready for tho carder. 

New Zealand Flax. This fibre is v'c’rv 
long and coarse, and requires to he put into (lie 
teaser, a machine similar in stnicitiire to tho 
wool teasi‘i‘. When reduced to inanagc’ijihio 
proportions, the fibre is passed through the 
same treatment ;us flax. 
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JUTE 

Breaking Down the Jute Fibres. 

Jute is a very long and thick fibre wfieii it 
arrives at tho factory, though capable of very 
fine subdivision. At first, we made the mistako 
of trying to begin It on the cai’ding macliine, 
and because it did not take* kindly to fh<‘ opera- 
tion it was sent down among the rough cordage 
and paper-making materials. However, juio 
was not to be dismissed in that way, and it was 
brought back among tlie higher fibres by tho 
discovery, or application, of a very simple 
device. By the application of oil, tho roughness 
wtis got rid of, and by breaking, the hardness 
and thickness of the fibre was reduced. 

Batching. Wc expect jute to have been 
cleaned by our fellow-subjects in India, and tho 
first thing we do is to ojien out the bales and lay 
out the fibres in stricks. This done, wc lay it 
out for oiling. A mixture of oil and water 
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should first be made up. Several recipes for 
the mixture arc given ; but the best, in our 
opinion, is the following : J gallon whale oil, 
J gallon seal oil, j gallon mineral oil, 5 to 7 
gallons of water ; heat to 90°, spray the oil 
over each layer, and form a stack, then lea ve to 
itself for a period. 

Hand batching, though not wholly discarded, 
as outsiders arc Icxl to suppose, has been largely 
supplanted by a method which (*om bines both 
batching and softening. 

Softening. The softening jjrocesa is 
similar to that called breaking by flax -spinners. 
But the softening machines, especially those of 
old dat(‘, are tremendous structures, bi‘-Bide 
which all other breakers are mere trillos. Four 
tiers of ten rolh^rs each, working one above the 
other, were those old machines. Modem 
softeners f64J, however, are smaller structures, 
though very long. The smallest has 13 pairs, 
and the longest 18 pairs, of fluttMl rollers. 
Some rollers are fluted horizontally, but others 
have the deep corrugations made in a spiral 
form. Note the gearing of the rollers. Tt is 
j)eculiar. Insk'ad of being driven direct t, the 
rollers have their sockets set so as to derive a 
rippling or reciprocating aedion. As the stricks 
art^ fed in, they are carried between roller after 
roller, and thus wrought upon by the nici pro- 
rating rollers, gently and firmly softened down. 
When machine oiling is combined with softening, 
a spraying machine, containing oil and water, 
is set on the machine, and, by the action of the 
iollcrs, is wrought into the fibres. 

Like flax and hemp, jute is assorted, weighed, 
and then sent forward to the carders. 

RAMIE 

Preparing Ramie. Before wc can hope 
for cheap and effectivi? methods of preparing 
ramie, the cultivation of the plant must be. 
established on a proper basis, 'riie fibres 
imy)orte(l from the native growers of India are 
needlessly diflicult to deal with ; those from 
(hina arc better, but not as well prepared as 
wv would like. Stripped from the stems, 
the bark and inner fibre, glued together by 
th(‘ dried gum, are shipped hither to be spun. 
The bark is worse than useless ; having been 
allowed to harden, the gum is difficult to dissolve, 
though (*asily soluble when fresh. It is to be 
hopcil that, in the near future, the elaborate 
}>roocsses now necessary for the preparation of 
tht‘ fibre will be found unnecessary. 

Degumming. For the dirty strips of 
Indian ramie the treatment is long and some- 
what intricate, involving rather the trained 
observation of the chemist than the practicval 
skill of the s})inn<n’ or mochanit!. The process 
js a bleaching, cleansing, and degumming 
operation, involving no few’er than eight baths, 
as well as much water. The following are the 
stages of the process : 1 , steep in strong soda 
lye ; 2, lay in a bath of hydrochloric acid (this 
is a ferment, and the retting action must be 
carefully w^atched) ; 3, repeat numW 1 ; 4, 
put into a bath of permanganate of potash ; 
r>. wash out the last wdth hyposulphite of soda 
mixed with hydrochloric acid, to assist in the 
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solution of remaining vegetable gum ; 6, bath 
of hyposulphite of soda alone ; 7» rinse in a 
weak solution of hydrochloric acid ; 8, steep in 
soapy water, w^ash thoroughly, then dry. 
Forbidding as it seems, when one takes into 
account the powerful nature of the acids, the 
process is not at all difficult, and the results are 
very fine. 

The Chinese, who make the fibre themselves 
into cloth, send out ramie in a clean and partially 
degummed condition. Our treatment is there- 
fore much shortened. The usual process is as 
follows: 1, boil 7 hours in a solution of sodii 
lye, then wash ; 2, steep 10 hours in chloride of 
lime solution ; 3, ret in a solution of sulphuric 
acid and vitriol ; 4, wash clean. This produces 
a fine white filasse. By comparing the two 
preparatory processes, it will be perceived what 
an enormous diffenmet* even a partial degum- 
ming of the green fibre makes. 

Oiling. After passing through acids so 
strong, the fibre is harsh and dry. Any of the 
m(‘th()Js of applying oils to textile fibres may 
be adopted, but it must be thorough and yet 
free from elogginess. A very good mixture for 
oiling is made as follow^s : to 15 gallons of 
water add 200 grammes glycerine, 200 grammes 
(Wtile soap, lOO grammes wdiito wax, 50 
grarnra ‘s tallow ; the w atcT should be at 
boiling point. 

Filling. Wh(‘n ramie has taken its place 
as a great branch of the textile industry special 
ma(^hinery will be devised to deal with it. At 
present it can be very well treated by the same 
machines as those employed on silk w'aste. 

Taken from the oiling batches, the fibre is 
fed on to the feed lattice of the filling engine, 
find is carried up to the si)iky rollers, which 
drag and tease out the threads. Beyond th(*. 
topmost roller runs the huge filling drum, 
with serried spikes at inU*rvals of 3 in. pro- 
truding. Tlui sleiuh^r points of the long row of 
spikes catch into the last roller and pull aw^ay 
the threads ; the next low comes round, and, 
while helping the first, also takes a share of its 
own. Thus the great drum becomes clothed 
with threads of fibre. When full, the cutter 
comes and cuts the threads at the root of each 
row of spikes, forming even layers of fibres 
3 in. or 4 in. long, according to the width of 
space between the spikes. 

Dressing. From the face of the drum 
the layers of ramie are gathered, and clamped 
in the wooden holders of the dressing machine. 
The endless band, with its combs, comes round 
and hackles at the ramie threads held in the 
clamps, or books, in the bed of the machine, 
dragging away the short and combing out the 
long. When one end is finished, the other is 
turned to the combs. The combings are run 
through again, just as in the case of silk, some- 
times four draughts being taken. The short 
fibres remaining are often mixed with cotton; 
at any rate they can be spun in the very same 
fashion as cotton. The combed fibres are now 
ready to be carded into a sliver. 

Continued 
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Wrought Iron. Wrought iron is not 
homogeneous ; from its mode of inanufaeturo 
it consists of layers of iron interspersed with 
slag or scale, in such a way as to resemble 
somewhat a bundle of fibres, and it is, therefore, 
commonly described as fibrous. It is seldom 
tested otherwise than for tension or torsion. 

Tensile Strength. For • tension the 
sample piece is usually prepared as 78, wlum 
from a plate, bar, tee, angle, channel, or othei 
shaped section. The narrow part is made 
accurately parallel and the transverse sectional 
area carefully measured. Two dots arc made 
with a centre punch as shown, exactly 8 in. 
ajiart, to allow of the extension under stress 
being recordesd. Other distances, as fij in. 
(100 sixteenths of an inch), or 10 in., are 
sometimes used, both to facilitate dc'cumal 
measurement ; but 8 in. may be looked 
upon as the standard. The wide part at eatdi 
end is gripjiod bed/Ween the scored faces of a 
vice attached to t he testing machine. The (don- 
gation with any given intensity of stress (pounds 
or tons per square inch), or at final rupture, 
is recorded, and also the contraidion at point 
of fractun*. When the stress is applied, the 
lengthening is partly due to actual stretch 
increasing the inter-moh'oiilar spaces and partly 
to tlie flowing of material from the n<‘ighbour- 
liood of the place where fracture occnirs. The 
elongation and contraction arc greatest with 
Yorkshire iron, which is uniformly soft, and 
I<‘ss with iron of poorer quality, especially where 
any portion of the fracture shows visible (crystals. 

Toughness. ToughnaHs, or ability to 
withstand sudden blows, is made up of 
direct resistance and elongation under stress, 
and may be measured by their product, or, in 
other woids, by the units of w'ork done in 
producing fracture. Test specimens from rods, 
shafts and axles are often prepared in the lathe, 
as 79, and care has always to be taken that tlui 
change from the minimnm section to the size 
requisite for holding in the cYqya is made very 
gradually. In one case that came undm’ the 
notice of the writer, the pieces were prepared as 
80, and all failed at the point marktHi x owing 
to the abrupt change of diameter, although the 
sectional area here was four times as great as 
that of the central portion. Rivet iron is often 
I tested in the original bar without preparation, 

I being merely clamped between curved jaw^s at 
1 fiach end. 

In oonsequenco of the mode of manufacture 
[ there is a noticeable difference between the 
tensile strength with the grain and across the 
grain, the difference being about 10 per cent. In 
t he former case the fibres have to be broken across 
and in the latter case they are only separated. 


Although the iron may be of the same gtmeral 
quality the tt'iisile strengtJi w ill vary, according 
to whether tlio sample piece is from a solid bar, 
a shaped sci^tion, or a plate, and in the latter 
ease whether tcsteil with or across the grain, 
as just stated. 'Phe result of 587 experiments 
by David Kirkaldy Son gaye the following 
figures. 



breaking Weight iMjr Sipiaro 


Jiirh of OrigiiuU Area. 

iN'uiiiber of Kxix'riiiM'iitB. 

ILighest. 

Lowest. 

Mean. 

1 88 rtiHed bars 

Tons. 

Tons. 

” T«)ns. 

:i0-7 

19*9 

25*7 

72 angles aud straps . . 

28r» 

10-9 

24-4 

Irt7 plains, lengthwise .. 

27-9 

16*7 

22-6 

ISO plates, crossw’ise 

271 

14*5 



Wrought iron is sonudirncs classifi(*d for test 
as in the following tabk’!, whicjh shows very 
clearly the diJh'iN'nce in tlio quality. 


(/OMeAKATlVK StRKNOTII OP WhOIT(JHT 

InoxN 

tpiality. 

ritiinate Timi* 
sile Stri'Dgth in 
Tousi*er Sip Jii. 

Klongation per 
cent, in length 
of 8 in. 


With 

Orain. 

Across 
( I rain. 

With 

Oraiii. 

Across 

(train. 

Best Yorkshire iron . . 

24 

22 

12 

74 

B.B. Slallordshire iron 

22 

19 

9 


B. Staffordshire iron . . 

20 

18 

0 

iJ4 


"I'he Admiralty give a soimwvhat similar 
classification in their specifications, as shown in 
the following table. 


A I ).M I RA r.TV Spec ifications 

— 

Tensile 
Stress. 
Tons per 
Sq. In. 

Klongation 
iVr (Viit. 
in 8 in. 

B.B, nr Find Claaa Jron ~ 



KiM't aud bolt iron, and l)ars. 



square, round, or flat 

Angle, t«e,chanuel, and flats 

24 

15 

of 1 2 in* width and under 

2** 

10 

Plates, lengthways . . 

22 

8 

„ crossways 

18 

3 

if., or Second Hauft lnm-~ \ 



Bars, square, round or flat . . | 
Angle, t>ee, ciranncl, and flats 

22 

10 

of 12 in. width aud under 

21 

8 

plaUis, Icngthw'siys . . . . 

20 

7 

„ crossways .. ' 

17 1 

24 
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1)IA(;RAMS ILLirSTRATl.Nj; THE TESTING OF IRON AND STEEL 


Testing Machines. A simple testing larg(?r machint s have more complication, beim 

machine is shown in diagrammatic form in 81. titled for all kinds of t^ests, and generally wit) 

The water pressun^ being admitted above the automatic recorders. 

piston puts a certain tension upon the test Compressive Strength. Under com 
piece which is balanced by the counterpoise pressive stress wrought iron bulges when ii 
being made to slide ujion the steelyard until short piece's, and bends when longer, and undci 

its point is ee'ntral between the stops, then more transverse stress, unless in a very short lengtl 

water is admitted to the cylinder to increase the or of hard and crystalline structure, a solid bai 
load, and the counterpoise shifted further along. bends so much that no very exact measure of I 

These operations may go on simultaneously strength is obtainable, but a flanged section! 

until fracture occurs, when the position of the may lie tested to destruction by a transverse 

counteipoiso on the graduated steelyard shows stress. This will be dealt with tinder the head i 

the stress upon the specimen. The power of of Stability op Structures. The com- 

the machine may be from 5 to 300 tons, but the pressive strength of wrought iron may bt‘ 






taken approximately at 80 per cent, of the 
tensile strength, but the working allowance 
will always depend upon the length of the piece. 

Shearing Strength. The shearing strength 
of wrought iron averages 85 per cent, of the 
tensile strength, or roughly, four-fifths. When 
f)ars are riveted, as in 82, thti rivet is in 
single shear, and when joined, as in 83, the rivet 
is in double shear ; in the former case the joint 
may fail by shearing through the rivet between 
the plates, and the full shearing strength due to 
the sectional area of the rivet is allowed ; in the 
latter case, the joint cannot fail without shearing 
the rivet in two places, but the holes may not 
be quite perpendicular to the plane of the bars, 
and where several rivets go through the pieces 
some of the holes may not be quite opposite 
each other, so that th(^ rivets do not all come 
into action at the same instant. Owing to the 
possibility of the progressive failure it is 
customary to allow only one and a half times 
the strength for double shear over that of 
single shear. 

Torsional Strength. The average tor- 
sional strength of wrought iron is such that 
a round bar I in. diameter will be broken witli 
a load of 750 to 800 lb. acting at a radiu.-i 
of 1 ft. 

The machine for testing the torsional 
strength of metals, illustrated belcjvv in 84-, was 
specially designed for the Birmingham Univer- 
sity, but is now made for general use. Jt is con- 
structed on an iinprovtul principle, whereby its 
power can be increased for testing largo sf>eeimens. 
By this means more accurate readings are attain- 
able for Htnaller spccinuuis* 'I'lie torsion is 
efTected by hand through “ worm and wheel 



84 . TORSIONAL TESTING MACHINE 

gear, the test being easily accomplished by one 
operator. The steelyard poise is worked by a 
screw arrangement, thus enabling the steelyard 
to be kept in exact equilibrium during the testing 
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of specimens. The strain is recorded in single 
pounds by means of a vernier upon the sliding 
poise and a finely graduated scale attached to 
the end of the steelyard, the fine graduations 



89. IMPACT TESTING MACHINE 

being read by rncMns of a mioroscop<‘. Tho 
macliine is (fapa}>le of tesiing specimens up to 
I in. in diameter and 12 in. in h iiglli. 

Transverse Strength. Wrought iron 
is not often ti'sted for transverse strength, as, 
unless the pieei* 1)(5 very short or the iron crystal- 
line, it yields so miK-ji by bending that no 
ih^finite result can be obtained, ft is, however, 
sometimes necessary to asei'rtain tho resistance 
to transverse stress in older (o (aileiilati? the 
strength of shafting, Jiandreils, gudgeon pins, 
etc. But it is usually assunu'd that the modulus 
of transverse rupture and tlie extreme fibre 
stress are ideiitieal and ecpial to the ultimate 
(ensile stress. TIk; following table, however, 
shows tliat thiTo is no direct relationship 
IxdAveen th(‘se elements. 


Material. 

Ullimato TVnsilo 
Strength. 

Lbs. por Sip in. 

Mo<lulns of 
Transverse 
lliipture. 

Surure fir 

I’iteh pi no 

Kni^Ust) oak 

Teak . . 

Kauri or tiowrie 
Cast iron 

Wrought iron . . 
Mild steel.. .. 

2,1M)() to 12,000 
4,700 to 12,000 
0,001) to 10,000 
S.:i00 to 1 5,000 
0,000 to 10,000 
11,200 (o 20,120 
;if>.S40 to 64,000 
62,720 to 71,680 

9,000 to 12,300 
S,010 to 14.000 
9,600 to 13,600 
12,000 to 19,000 
9,600 t<» 11,000 
30,240 to 45,700 
41,200 to 51, .520 
53,760 to 114,240 


Bending Tests. The toughness of wrouglit 
iron and its freedom from lamination are 
also tested by cold bending in a vice : i in. 
plate should bend 35 deg., J in. plate 55 d(‘g , 
in. plate 63 deg., J in. plate 70 deg., while 
rivet iron, which needs to bo very soft and 
pure, should bend double without cracking. 

131)3 
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Cast Iron. CaBt iron is generally tea ted 
for tranaverac strength only. At one time, 
siiiall tc'si bfirs east aa projt^ctions from an 
important casting and broken oil for U^sting, 
but this method was found to give results 10 to 

20 per cent, lower than when i)ara of the same 
size were east separately from the same metal. 

Transverse Tests. The host practice 
is now to cast three bars, eacli ,‘l ft. 0 in. long, and 
2 in. deep and J in. wide, cast on edge in a dry 
mould, from each melting at which any of the 
spccilicd work is oast. These bars are tested 
si'paratcly, as follows. The low(U‘ side, or thin 
edge, of the casting is placed downwards upon 
rigid bearings, with 8 ft. clear span ; if placed 
the other way up, a reduction in the apparent 
strength of 1 5 to 20 per cent, may occur. A load 
of 25 owt. being placed in tlu^ centre of the bar, 
with a bearing not more than 1 in. wide, the 
deflection should not bo loss than in., and the 
bar should break with a minimum load of 28 cwi., 
or an average upon the three bars of not less 
than 80 cwt. 

A curious fact that throws light upon the 
nature of tlie strains set up In the bar is that the 
course of the fracture varies iwjcording to its 
position in the bar. When the fracture occurs 
within an inch of the centre of the span, it takes 
an approximately straight line at right angles 
to the length of the bar, but about 25 per cent, 
of the fractures take place further away, on one 
side or the other of the centre, and they an^ then 
always curved away from the centre, as in 85 , 
A short straight part often occurs at the top, 
and this is apparently the part under direct 
compression. Hodgkinson found in testing cast- 
iron X beams that with the rib in compression 
a piece was invariably broken out from the 
centre, as 86. These facts appear to show lines 
of tlirusb and tension, roughly illustrated in 87 . 

Lathe Tests. Samples prepared in the 
lathe, as 88,8liould bear a tensile stress of 2^ tons 
per square inch before appreciable loss of elas- 
ticity, but the actual limit of elasticity of cast 
iron is somewhat indefinite, as even the smallest 
loads produce some permanent set. The sample 
sliould break with not less tlian 7 tons per square 
incli, or an average of VJ tons per square inch on 
thrt‘c samples. 

Pipe>iron Tests. The following is a 
specification test of cast iron for pipe-making 
where tensile strengtli and soundness are of 
importance. “ A bar 40 in. long, 2 in. deep and 
1 in. wide, the weight of which must not exceed 

21 lb., shall, when supported on edge at points 
80 in. apart, deflect in. with a load of 10 cwt. 
in the centre, and recover its position when the 
load is removed, and shall sustain a load of 
3,000 lb. supported at the middle of its span for 
one hour, and shall, under this load, deflect at 
least in. ; and a bar 8 in. long and 1 in. square 
in section, shall sustain a load of 8 tons per 
square inch for ono hour.’* The latter is, of 
course, a tensile test. 

Practical Tests. Trcdgold gave a very 
practical account of the essential points to 
observed in testing cast iron by simple inspec- 
tion. Ho said : “ The best and most certain test 
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of the quality of a piece of cast iron is to try any 
of its edges with a hammer ; if the blow of the 
hammer makes a slight impression, denoting 
some degree of malleability, the iron is of good 
quality, provided it be uniform ; if fragments 
fly off and no sensible indentation be made, the 
iron will be hard and brittl(\ The utmost care 
should be employed to render the iron in each 
casting of uniform quality, because in iron of 
different qualities the shrinking is different, 
which causes an unequal tension among the 
parts of the metal, impairs its strength, and 
renders it liable to sudden and unexix^cted 
failures. When the texture is not uniform, the 
surface of the casting is usually uneven where it 
ought to be even. This unevenness, or the 
irregular swells and hollows on tlie surface of a 
casting, is caused by the unequal shrinkage of 
the iron of different qualities.” 

Testing Machines. The machine illus- 
trated on page 1250 is very suita!)le for testing 
cast iron, both transversely and in tension. TIu? 
samples prepared in the lathe have the outer 
skin turned off, and the apparent strength is 
reduced, hut the result is, perhaps, a closer 
approximation to the real strength than when 
a sqtiare bar is U^sted with the skin left on. 

Impact Tests, Castings are frequently 
tested for motor work by means of impact, as 
they have to stand sudden shocks and require to 
l>o very tough. A suitable machine is shown in 
89 [page 1898]. A pendulum weight is raised to a 
height and allowed to swing and strike the test- 
piece, fracturing it at one blow, and the number 
of foot-pounds of energy which the test-piece has 
absorbed is automatically registered on tlie 
indicating quadrant. 

Compression Tests, Cast iron is seldom 
t(‘sted for compression in practical work ; it has, 
however, frequently been tested thus experi- 
mentally, with very interesting results. Jleing 
a crystalline substance, it breaks with a line 
of fra(;turo at a mean angle of 65 deg. with the 
horizontal, whether the fracture be simple, as 90 , 
or compound, as 91 , and sometimes the exterior 
breaks away, leaving two inverted cones, wdiich 
crush into each other if the pressure be continued 
too far. The failures appears to be a result of 
shearing through the line of least resistance, and 
not direct crushing. 

Malleable Cast Iron. Malleable cast 
iron, consisting of ordinary cast iron from which 
some of tlio carbon has been abstracted to 
toughen it, lias an ultimate tensile strength of 
about 14 tons per square incli, an elastic limit 
of about 7 tons, and an elongation of 1 J per cent, 
on a length of 4 in. 

Cast Steel. Cast steel is very similar 
to cast iron in its properties, but very much 
stronger. The chief difficulty with the material 
is the frequency of honeycombing, or a series of 
holes, caused by bubbles of gas being shut in. 
Cast steel is seldom subjected to mechanical 
tests except for special purposes. Where a 
large number of similar castings are required, a 
certain percentage of them are sometimes tested 
by the impact of a falling weight. 
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Mild Steel. The extended esc of mild srcel. 
and the difficulties which surrounded its early 
production and use, have caused a very largo 
amount of thought and money to be expended 
upon producing the most complete and perfect 
system of testing which could be devised. 

The mechanical h sting has beem accompanied 
by chemical tests of the same material, so that 
the effect of each constituc'nt and impurity, 
according to its amount, is now so well known 
that ste<d can be made to comply with ahnost 
any specification, according to the purpose for 
which the material is required. 

Corresponding physical and chemical tests arc 
given in the following tallies. 


Physical Tests. 



Point of 





llrauil. 


Pi'mianent 
Set ill 
Tons per 
Sfjuare 

Tension in 
Tons per 
Sfiuare 
Inch. 

Elonua- I 
tion. 

Per Cent. 



liieh. 






Mild steel . . 


17-02 


28-80 


45-00 

Medium steel 


20-87 


33- 

25 


3.5 -92 

Hard steel . . 


25-00 


39-84 


30*50 

Tool steel . . 




.57-08 


14-40 

Very hard steel . . | 



08-07 


7-00 

CUKMU'AL TeST.S. 

Brand. 

Car- 

.M im- 

Sili- 

PIlOS- 

Sill- 

1)011. 

I'jinese. 


eon. 

phorufl. 

pltur. 


o/ 

o' 


O' 

o/ 


% 

•074 

Landoro mild 

•18 

•04 

•013 

•077 

steel 








Mild steel .. 


-.800 


002 

•043 

•042 

Medium sieel 


• r >.8(} 


024 

•052 

•019 

Tool steel . . 

•97 

•148 


074 

•034 

•059 


Tensile Tests. The tensile tests are the 
most important in connection with mild steel. 
The material is homogeneous, showing no grain 
in either diriH'tion. It is highly ductile and 
draws out with a silky fraidain*, very commcuilv 
in the shape of a short cone on 
one piece and a eoiTesponding 
hollow on the other piece, 'fhere 
is sometimes an autograpliic re- 
cording apparatus attached to the 
testing machine, which gives a 
graphic representation of the 
phenomena of the tests ; such a 
record is shown in 92. It will be 
seen that for a certain distance 
the elongation is slight and regu- 
larly proportionate to the stress, 
and that when the stress roachi’s 
12 tons per square inch, v'hich 
is the elastic limit, a sudden 
slip occurs, called the yield point, 
and that after that the elon- 
gation is much more pronounced. 

Another remarkable feature 
occurs towards the end of tlio 
test, where the backward curv- 
ing of the line shows a falling off 
in the stress, due to the rapid 
drawing out of the specimon 


and simultaneous contraction of transv(*rse 
area at the ultimati' point of fracture. Afl.T 
the yield point is passed, time is an im- 
portant element in the lest— the quicker tin* 
tost the greater the stress that can Ix) applied 
Ixffore failure occurs, showing that the cohesion 
of the material is so far destroyed that ultimate 
failure with a much lower stress is only a question 
of time, and luuico the danger of allowing any 
working stresses to exet'od the elastic limit by 
however small an amount. No oiu* intention- 
ally ])ennits this to happen, but eontingeneies 
sometinu's arise that are not jirovided for liy the 
ordinary factor of safety. 

Factor of Safety, The factor of safety 
is an amount Hxed by practical oxporionco, 
varying with the material used and the manner 
of using. It is the ratio of the greatest safe 
str(‘ss to the ultimate n'sistance of the material — ■ 
such as ,V), etc. ; and th(‘. (ailculatcd resistance 
of any section, multiplied liy the faidor of safety 
suitable to the larcumstaiiccs, will give the safe 
working load. 

If structures m^vi'r deteriorated they might 
be loaded to one-third of their breaking weight 
with perfi'ct safety, but to guard against 
ordinary contingencies one- fourth of the 
breaking wiMght is the maximum pi'rmanent 
load allowable under any circumstances. 

The facdor of safety is usually given in the 
reciprocal form, as 4 or 4 to 1, etc., meaning 
that the ultima calculated resistance is four 
times the working load, thus ; 

Paotor of safrl v 

" Working load 

Allowance for Dead Load. It is 

convenient to sum up the usual allowance 
for working stresses in tons per square inch 
under dead load upon iron and steel in struc- 
tural work ; the figures for (compression and 
shearing aKsuine that tlxo iiarts are unable to 
bend. 



LABQX TXSTma MAOHINB FOR IROX AND STEEL 






MATBRIALS AND STRUOTURCS 


S'I'RRN(;T1{ of METAI>3 ANJ) alloys 


MittRiiul. 

Intimate Strenuth. 

Tons per Sq. In. 

Modulu.H 

of 

Rui)ture 
ill Tons. 

Speeillc 

(Iravlty. 

Weight 
in lbs. 1 or 
Cub. Ft. 

Weight 
in lbs. per 

Modulus of 
Elasticity 

Tension. 

<'om- 

l.ression. 

Shear- 

ing. 

Cub. III. 

in lbs. 

Alumiiiiiiin-bronze 

25 to 40 

5.S 



7-68 

478 

•276 

14.000,000 

Aliinmiiiiin, rjist 

4 to 0 

5 

— 

— 

2*59 

161*25 

•0936 

11,000,000 


« to 10 

— 

5 to 6 

. — 

2*74 

170*6 

•0986 

— 

Antimony, wist. . 

i 


— 

— 

6-72 

419 

•242 

— 

IWllnictal 

1-4 

— 

— 

— 

8*05 

502 

•29 

— 

liismutii, cast . . 

U 

— 

— 


9*84 

614 

•353 

— 

Uraas, cast 

8 to 12 

r> to 25 

— 

7-2 

VH lo 8*4 

487 to 524 

'28 to *303 

9,000,000 

„ sheet 

14 


— 

— 

8*44 

527 

•304 

— . 

„ wire 

20 to 22 

- 

— 

— 

8*54 

534 

•307 

14,000,000 

l^uH’s metal, cast 

14 to 21 

60 to 78 


— 

8*28 

517*5 

*30 


Copper, bfjlta 

15 to 17 

40 

14 

— 

8*8 

550 

*32 

16,000,000 

„ ctwt 

8 to U) 

20 to 25 

— 

— 

8*6 

537 

*31 

11,000,000 
to 13,000,000 

sheet . . 

10 to 15 

40 

— 

— 

8*78 

548 

*316 

12,300,000 
to 16,800,000 

„ wire 

25 to 27 

— 


— 

8-9 

655 

•32 

1 7,000,000 

Delta metal, <‘ast 

20 to 40 

60 to 70 

— 

— 




— 

„ wire 

02-5 

— . 

— 

— 

— 

— 

— 

— 

GoKI 

9 

— 



19*28 

1 ,20:i 

*70 

12,000,000 

„ stamlanl 

- 




17-72 

1.106 

*638 

. — 

(< unmetal 

12 t(» It. 

15 to 50 

8 to 12 

i 13-5 to 

1 20*4 

8*54 

534 

•307 

10,000,001) 

Iron, east. 

5 to 13 

36 Ui 64 

8 to 14 

[ 7-. 

450 

*26 

18,000,000 

„ wrought . . 

1 0 to 29 

16 to 18 

1 *. to 20 

(18-1 U> 

\ 23 

) ,-7 

480 

*28 

25,000,000 

„ „ rivets .. 

22 to 20 



*'2 





26,000,000 

15,000,000 

«, M wire. 

25 to 40 



_ 



— 

— 

Lead, cast 

i to 1 i j 

31 


1-5 

11 *30 

710 

•408 

720,000 

„ mllleil 

U to IJ 

— 

— 

— 

11*4 

712 

•41 

— 

Mercury 



— 

— 

13*596 

848-75 

•48945 

— 

Miintx metal 

20 to 30 


— 

— . 

— 


— 


Kickel, forced .. 

-- 

— 


- - 

8*66 

540 

•31 

— 

„ int^ot . . 

Pewter . . 

— 

— 

— 

— 

8*28 

517 

•30 

— 



— 

- 

7*26 

453 

•26 


l*hi«phor brotizo 

1 5 to 26 

60 

— 


8*6 

537 

•31 

1 4,000,000 

Platinum 


— 



— 

2153 

1,344 

•775 

23,500,000 

Silver 

18 

— 



10-5 

654 

•377 

10,700,000 

„ standard . . 

— 



— 

— 

10*4 

650 

•376 

— 

Sneeulurn metal 

3'1 





7*45 

465 

•264 

. — 

Steel, cast 

35 to 52 

150 


— 

8 

499 

•288 

42,000,000 

„ mild 

28 to 32 

2tl 

24 

2 4 to 51 

7*85 

490 

•28 

29,000,000 

Tin 

2 

6-7 



— 

7*291 

455 

•262 

5,000,000 

White metal (Babbitt).. 



— 

— 

7*3 

4.56 

•263 

— 

Zinc, cast 

3 

15 

— 

6 

6-97 

435 

•25 

13,000,000 

„ sheet . . . . 


— 


“ 

7*19 

448 

•259 



PHYSrCAL DATA FOR M+n'ALS AND ALLOYS 


Material. 



Specific Heat. 

Melting 1‘oirit. 

Di*g. Fahr. 

Coelliclent of 
Expansion 
by Heat. 

Latent 

Heat 

of Fusion. 

.Muminiiim 



•2185 to *231 

1,*200 to 1 ,300 

•00001235 

51-4 

Aiuminiuni*br«)>i/.e 




1,910 

■ - 

— 

Antimony 



•0.'.07 

800 to 810 

•000006 

— 

Bcllmetal . . 




507 

— 

— 

Bismuth . . 



*0308 

480 to 507 

•0000078 

22-8 

Brass 



*0939 

1,800 to 1,850 

•00001894 

— . 

Copper 



*095 

1,950 t«) *2,050 

•000009 

— , 

(Jold 



•0298 

2,100 to 2, *281) 

•000009 



Cun metal . . 



-- 

1,900 

— 

— 

Iron, cast . . 



•1268 

2,000 to 2,750 

•000006 



„ wrought 



•1138 

3,250 io 4,300 

•0000066 



Ijfad 



•0293 to -0314 

012 to 620 

•0000155 

9-7 

Mercury . . 



•032 

-.38-8 

•000099 

61 

Nickel 



•1086 

2,810 to 2,912 

•00000695 



Platinum . . 



•033 to *038 

3,080 to 3,500 

•000006 



Silver 



•0557 

1,830 to 1,873 

•00001065 

38*0 

Steel, east . . 



— 

2,850 to 3,300 

•00000695 


„ mihl 



•1175 

2,550 

•00000672 



Tin 



'0502 j 

435 to 450 

•0000121 

26-7 

Zinc 



•094 

760 to 800 

•0000161 

60-7 


rji*o 





MATERIALC AND STRUCTURES 


Maximum Working Stresses in Tons per Sgr are Inch 

Material. 

Consta it Load. Variable Loads. 

Wrought iron for niHcUliuM y 

Mild Steel for machinery . . 

Cast iron for machinery . . 

i 

{ Coln^rei^iou « ■ Oo»,;“:^;i.v *14, ! i a.- a..,, 


Usual Allowanc.e for Dead Load 



Ultimate 

Safe liOHil 

Material. 

Stress per 
S(]. in. 

per 

S^i. In. 

WUOUGHT iROiN — 

1 

1 Tons. 

Tons. 

Tension 

22 

5 

Compression 


4 

Shearing . . 

. . ‘ liO 

4 

Bearing 

. . — 

n 

MJM) STEBL— 



Teiwiou 

30 

7* 

Compression 

•36 

6 

Shearing . . 

34 


Bearing 

Cast STEKii— 


10 

Tcusion 

3.''i 

K 

Compression 

60 

! 

Shearing . . 


1 h 

ilearing 

, , — 


Cast Iron — 



Tension 

' 7 

H 

(Compression 

: 42 

7* 

Shearing . . 

14 


Bearing . . 


8 


Allowance for Varying Stresses. 

Another useful summary m:iy he made of the 
allowable working stresses under oonstuit and 
varying loads, such as may const intly found 
in machinery. 

ToRsroNAL Strength of Various Metals 


Round bars 1 in. diameter, load applied at 


1 ft. radius. 

Cast steel . . 

Mild steel . . 
Wrought iron . . 
Cast iron . . 
Wrought copper . 


l,*250 to 1,500 lb. 
1,000 „ 1,200 „ 
750 800 „ 

000 „ 700 „ 

350 „ 400 „ 


Any account of the strength of mild steel at 
the present day would be incomplete without 
mention of the specilications issued by the 
Engineering Standards Committee. These, so 
far as they are, yet completed, may Ihj obtained 
from Crosby Lockwood & Son at prices 
varying from 2s. 6d. to 10s. 6d. eaidi. 

The tables on this and on the opposite page 
give particulars of the strength of metals and 
alloys, the specific gravities, weight, modulus of 
elasticity, specific heat, melting temperatureH, 
latent heat of fusion, coefficient of expansion 
by heat, contraction in cooling, and relative 
conductivity for heat and electricity. 


Large Testing Machine. A modern high- 
class testing machine suitable for tonsil(5, compres- 
sive, and transverse tests is shown in 93 [page 
1395], It is of single lever type, upon the same 
principle as 81, and is capable of working up to a 
maximum of 150 tons. The weigh -beam or 


Contraction 

OF Metals in 

COOI.ING 



Contraetion I 

Metal. 


In fracticiis 
of linear 
dimensions. 

In parts of an 
ineh per 
foot of linear 
dinieu'^ions. 

Cast Iron. . 


l 

i 

(iiinin'tal 


1 


A'ellow brass .. 


1 

•1 4 

;; 

I 6 

(’opper 


1 * 

I ‘Ol 

1 

//me and tin . . 


4 s 

1 

Lea<i 


1 

;nt 

1 


Relative 

CVjNDrCTIVTTY OF MeTALS 

Metal 

Heat.* 

Kleetrielty.t 

Silver . . . . 

l.tMM) 

1.000 

('opper . . . . 

7:f6 

73:i 

Gold . . . . 

.•^••52 

r.sr> 

Brass . . . . 

2:05 

21.6 

Tin 

1 4.6 

' 2*26 

Iron .. .. 

IIP 

130 

Ste.‘l . . . . 

U 6 

— 

Lead . . . . 

8.6 

107 

!M4\tinuni 

64 

103 

i*ajla iiiiiM 

. .. .. 6:1 


German sdver 

■ 60 

. — 

Blsmutli . . . 

18 

10 

1 • Wiedemann and Franz. 

t Lonz. 


lever is built up of strong steel plates lifted 
with i>cst liardcncd steel knife-ialgc's, tlic main 
and fulcrum knife-edges being 20 in. long, to 
comj)ly witli Uk; Hoard of Trade requirements. 
The gniduations un tlie lever are machine 
divided, and, in eonjunction with a vernier, 
sul)-divisions of io,)th of a ton are attained. 
'Phe sliding weight on the lever is a standard 
weight ; this is propel leil along the beam by 
means of a screw worked by power, and for the 
fine adjustments tlu'ough gearing by a hand- 
wheel fixed on the column. Jlufftir springs are 
provided at top and bottom of jiillar standard 
to k'ssen the shock to the lever when the speci- 
men ))reMks. The strain is applied by hydraulic 
power through a cylindiu' and ram, and the 
appliances for holding tin; specimens are of cast 
steel accurately machiu.'d to gauge. Large testing 
machines should always stand upon a solid 
foundation, and not be subject to earth tremors. 
3'he slightest communicated vibration will lower 
the result, on the same principle that on^ taps 
a barometer to Icssi^ii the friction of the mobile 
particles of metal. 

CorUinued 
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Group 17 

INVENTIONS AND INVENTORS 

PATENTS & 

INVENTIONS 

Profitable and Unprofitable Inventions. Some Popular Fallacies 

1 

Regarding Patents. Searching the Patent Office Records 


JNVKNTION proscnls to the average man all 
the fascination liekl by any possible means 
of acquiring sudden wealth. Yet, among the 
thousands of inventors, prob'ssional and amaleur, 
in this and other countries, a relatively small 
proportion have acquired even a livelihood from 
invention pure and simple. Very often the 
inventor is a schemer tand a dreamer, void of 
the ability to turn his invention to profitable 
account. Thus, he often permits the golden 
fruits of his ideas to be plucked by other hands. 
It is difficult or impossible to teach the individual 
what to invent and how to invent it, but it is 
possible to analyse the various fields in which 
inventive faculties may be exercised with promise 
of greatest results, to point out the pitfalls 
which the inventor should avoid, and to show 
the several ways open to him of turning his 
invention to practical value. 

Methods of Invention. Inventions 
are achieved in three different ways. The 
article or process may be the result of steady 
poitiistent work and exhaustive experiment, 
with the clear aim of mastering the (iifficultics 
in the path of suc^cess. Intricate mechanical 
inventions are always the product of such work. 
We may instance the typewriter and the Linotype 
and other type-setting machines as examples. 
In these the inventors had a fixed, definite 
purpose as their goal, and all their efforts were 
bent to the devising of mechanical means to 
atdiiove that purpose. Of the result we all 
know something. The typewriter has revolu- 
tionised mercantile office practice ; and of 
machine type-setting the Self-Educator is 
an illustration. In the domain of chemical 
invention the maiiuhicture of artificial indigo 
is a conspicuous example of success through 
deliberate and persistent work. In 1878, the 
founders of the Badische Anilin und Soda 
Fabrik set themselves to discover an economi- 
cal method of manufacturing indigo, and 
spent nearly £1,000,000 in experimental work 
and plant, until, in 1808, they wort* able to 
market artificial indigo. They started with 
full confidence in the belief that what Nature 
can do by the agencies f lirough which she works, 
man can do by synthetic chemistry. The result 
is that fortunes have accrued to the inventors 
and to many othern besidt's, and that the 
ultimate issue will bo the death of indigo cul- 
tivation. 

The second road by which invention is 
reached is by inspiration. To this province 
belongs tlio invention of very simple mechanical 
articles of everyday utility. It was long known 
to chemists that a combination of certain salts 
burst into flame when subjected to friction, 
but it was an inspiration that caused a chemist 

im^ 


and druggist of Stockton to cover the end of a 
slip of wood with sulphur and to tip it with 
sulphide of antimony and chlorate of potash, 
thereby producing the first lucifer match. 8o 
also inspiration brought into being the safety- 
pin, and a host of small articles of everyday 
use and utility. 

Inspiration led Peter Barlow to attach a 
telescope to the front of a photographic camera, 
and the example he set has discovered for us 
new stars too lemoto for detection by the retina 
of the human (^ye. 

Then wo have the third method of achieving 
invention — accident ; very often, indeed, the 
experimenter looks for something quite different 
from that which ultimately rewards him. The 
lithographer’s stone and saccharine arc cori- 
spicious examples of this class. 

Inventions found by accident have rjometimes 
been lost. Every investigator in the realm of 
pholographic chemistry seeks a method or a 
medium by which he may record a scene or an 
object in its natural colours with no more 
trf)uble than that involved in taking an ordinary 
pljotograph. The coloured photographs somc- 
tinu^s put forward are m(*rely the result of the 
superposition of differently coloured tilms, and 
the most that can be said for them is that; they 
portray the colour effect fairly well. A coloured 
photograph was accidentally produced «'i.s long 
ago as 1852, and was oxhibitcHl by Joseph Side- 
botham at a meeting of the Manchester Literary 
.and Philosophical Society, in 1857. It was on 
glass and roprc'scnted a red geranium and its 
green leaves. Although Sidebotham spent 
many years t lying to repeat the photograph, 
neither ho nor any of those who have worked 
'll the same experimental field have succeeded. 

What to Invent. No s|K*cific answer can 
he giv('n to the (|uery “What shall I invent?” 
"I’lie probability is that a man’s invention has 
some connection with the field in which his 
work lies. It is not always so. Arkwright, 
who invented the spinning jenny, was a barber, 
and Edmund ("artwright, who was responsible 
for the power loom, was a clergyman. It is not 
impossible to indicate in what chatmeLs inven- 
tions are least likely to bring remimerative 
returns. Some of the fancies that result in 
letters patent are ludicrous in the extreme to 
the practical mind. For instance, a lady has 
taken out British patent rights for a process by 
which she professes to harness the power that 
runs to waste when an earthquake comes around. 
It is easy to smile at such a ludicrous exhibi- 
tion of misapplied ingenuity. Having hod 
our smile, we may point the moral. 

The would-be inventor without a distinctly 
mechanical bent of mind should avoid 
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mochanical inventions, except those of the very 
simplest types. How many men have spent 
years in trying to solve the problem of per|)(‘tiial 
motion when a knowledge of the el(*m(‘nt8 of 
dynamics would have taught them that tlu' 
search was vain ? 

An invention may be valuable in itself, but 
have small chance of bringing moiu^y to its 
creator. It may bo wanted by only very few 
people. For instance, an instrument for asecT- 
taining with actcuracy and rapidity the distance 
between the various stars, or a submarim* boat 
which would, for obvious reasons, be purehas(‘d 
only by a government. 

The ordinary man withoul spec ial tt‘ehnieal 
training in any particular braneb of sciene(‘ or 
productive inclustry —and it is eb icily for such 
that we write — may note that the greatest chance 
of financial success is possessed by an invention 
having the following (pialities. 

1. It should he an article of personal nsr* or 
eon.sumption, and he used by the million. 

2. Tt sliould w’car out in a. reasonable time, 
requiring replacement. 

II. It should not he expensive to d(‘velop, as 
an airship or a complicated maehitie is, hul 
should be markeiahle without much initial 
outlay. 

4. It should be distinctive and superior to 
anything alreafly offered for the same purpose, 
not merely filling the same want al lh(* same 
price. Manufacturers and nu*r<!hants do not 
take up a new article without good reason. 

The Value of Inventions. The 
inventor is very often— temporarily, at lea.st-- 
a monomaniac on the subject of his invention, 
and is thoroughly convinced that there is a 
latent fortune in his contrivance. Assuming 
the ai’tich; to h(J valueless, or practically so, 
the awakening to tlie true stale of alfairs is 
always painful and sometimes pathetic. The 
cold douche of practical opinion ])oured upon 
the fire of the inventor’s enthusiasm often 
inllames that tirt‘ instead of (pic'nehing it. Vet 
it is the truest kindness to speak the plain trulh 
when opinion is asked, because to prolong the* 
delusion by w'ords of well-meant sympathy is 
only to make thi; final revelation more painful 
and the dream more expensivti. 

Inventions Revolutionise Indus« 
tries. Yet the inventor’s dreams are often ful- 
filled, while the prognostications of his critics fail. 
Some inventions, h)r whieh fail uni is foretold, 
prove ultimately successful. “The fool is wiser 
in his own conceit than seven men that can 
render a reason. ’ ’ Success of seem ingly unpromis- 
ing inventions frequently means that the invention 
is 80 important than an industry may be rovohi 
lionised to permit its adoption. The “ process 
block,” as it is called -f.c., the reproduction of 
illustrations by printing blocks made by the 
joint agencies of the photographic camera and 
the acid bath — may instance this group. Two 
difficulties barred the general use of such 
blocks— the unsuitability both of printing 
papers and of printing machines. Yet process 
illustration was so important that paper manu- 
facturers and printing-machine makers had to 


remodel their practice, and lo design special 
machinery to meet the requirements of the new 
method of reproducing illustrations. Thu.s we 
have the surface papers and hard-hod pn*ssca. 

Immature Inventions. Inventions are 
often marketed before tlu'ir fh'tails have 
been work(‘d out to the full measure of their 
possible value, and, as a result, fall short of 
commercial success, 'riie inventor is apt to 
as a ihe loo much importanee to the main idea, 
and to imagine that the manner of applying it 
is le.ss important. He may see the end to I it* 
attained, and have a conception of the general 
principles of an excellent method of rt'aohing 
that end. but lx* unable to adopt tin* best and 
most simple rn(*ans of n*aching it. It is oft(*n 
so in mechanical inv(‘ntions. 'I’his is where 
the, inventor’s engine(*r may eorne in and 
supph'incnt general principles by llic application 
of seientitie mechanical praetita;. I’hc adjust- 
ment of weight to duty, of fiart to part, the 
designing of details, tlie selection of material - 
all these arc points in whieh the iingiiided 
inventor may go far astray, and. if left to 
himself, devise or manufaetiirc* a clumsy piece of 
mechanism which in expert hands would ^*ave 
haflafar higher practical and commercial Vfvlue. 

Valueless Patents. The subjects of 
many patents registered in the British Patiait 
Office are not wortli the pap(‘r upon whieh they 
are reeordi.*d. Oix* lias only to examine th(» 
speeitieations in u\y given subjc'ct to find the 
same id(*a patc'rited many times. 1’he tirst is 
till? only one really valid, and even it could not 
be sustained if it were proved that tlu^ idea 
had been public before the date of tlu* applica- 
tion for letters pat(‘nt. Yet, although such an 
article eoiild not lx* [irovixl valid if the point 
were (halleiiged. there is often eonimer<*ial 
value in a non -valid patent. Many ma-im- 
laeturers and inventors innocently believe 
that they hold undisputable titles to patents, 
when a. searcli of the Patent Ollice. [(‘eords 
would show th.it they are mistaken. So long 
as a man w'orks a patent himself and no one 
ihallenges it, it may he as profitable as if he* 
were the first invemtor. But should he try t(> 
sell the patent, or to form a company lo take it 
over, a strict search would certainly be niadi* 
and any anticipation found. Under tlie n(*w 
Patent .Act the Comptroller of Patents, when 
a complete patcTit is applied for, makes a 
search in the Brilisli [latent tiles for ihe preced- 
ing fifty years, and if tliere has been antieipation 
of the identical or approximately similar idea 
the letters pabajt may be endorsed to that 
effect, giving number and date of any anticipa- 
tions. Thus, the chane(‘S of a patent grant'd 
under the new Act being valueless are diminished, 
but all patents granted prior to fifty years 
Wore the tlale of application and tlie vast 
field of foreign patents are neglected in the 
search, so that acceptamx* of an application 
without endorsement does not even now' stamp 
it iM unassailable. 

The moral of this is that the inventor who 
has any doubt regarding the validity of his 
invention should not attempt to negotiate a 
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sale, but should either work it himself or have it 
worked for him on a modest royalty. 

A Popular Delusion. It is a popular 
delusion that any pattmted invention may 
be manufactured with impunity if it be 
not made fon sale but merely for the use of the 
individual, "rhis is a misconception of the 
law on the subje(;t. It has arisen from the 
fact that the law refuses to regard as infringe- 
ment any purely experimental work, as it was 
not framed to curb inventive genius; but its 
word and spirit are specific in considering as 
an infringement the manufacture of any 
patented article, even though it be only for 
the personal use of the imitator. 

Patent Medicines. The term patent 
medicine ” is apt to deceive. The so-call(‘d 
“ patent medicine” is seldom the subject of letters 
patent, and “ proprietary medicine ” is the 
correct designation. The Government stamp on 
every package is rendered necessary by the word- 
ing on the label or on the advertised statement 
of claims for the preparation. Further informa- 
tion regarding the law on the subject, appears in 
the article on “ (.-hemists and Druggists,” in ihe 
courses on Shopkeepino. Hut proprietary 
medicsincs are sometimes patented. Ihia means, 
of course, that the full formula iind the SjK^cial 
manner of manufacture, if any, must bedesertbed, 
and that after the patent has expire<l, by non- 
payment of fees, or by having reached the time 
limit of 14 years, it is open to anyone to manu- 
facture the nostrum. Thus, a well-known an<l 
widely -advertised pill was originally patented, 
and anyone is free to read the original recipe, 
and to make and sell the article, although this is 
not done, as no one who might care to do so 
seems to be aware of the fact just .stahal. 

Patent Rights or Secrecy. 'Phis 
brings us to consider the comparative merits of 
taking letters patent, or of keeping secret, inven- 
tions which are not mechanical. A mechanical 
invention cannot be held in monopoly by 
secrecy, Ix'caiise its design and structure 
teach its manufacliirc. Ihit the secret of manu- 
facturing something produced by a chemical 
process may well be guarded, and it is often 
wise to seek to preserve monopoly thus. A con- 
spicuous example of this is otTered by the histoiy 
of tho Muslict high-speed steel, the manufacture 
of which was a secret for quite half a centuiy. 
Hut certain risks attend preference for secrecy 
instead of patent privileges. The makers of a 
well-known infants’ and invalids’ food found it 
su. An employe who had learned the secret of 
the preparation, left them, and patented tho 
methods. The makers sueeceded, by an expensi vo 
legal process, in establishing their right to use 
the method they had invented, but the recipe 
was published and free to the world sooner than it 
would have been had they chosen to preserve 
their monopoly originally by taking advantage 
of the privileges of the Patent Act. 

Patents of Workmen. In tho manu- 
facturing industries, the lattmt possibilities of 
invention in the workman at the lathe or bench 
are not appreciated. The man who handles the 
tools, or vmo guides the machines, is often fertile 
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in practical ideas that would save time and 
money. The wise employer encourages the 
development of such ideas, not to the point of 
permitting his men to neglect their work for any 
fad of a mad fancy, but to the adoption upon a 
profit-sharing basis of any good invention sugges- 
ted by a workman. Such an ideii is often not 
the subject proper of a patent. It may be 
merely a quicker, and therefore cheaper, method 
of handling material or of performing a manu- 
facturing operation. Nevertheless, it is dis- 
tinctly jm invention, and the man responsible 
for it is entitled to considtiration apart from the 
money he earns as a workman. Employers are 
given to consider that they are fully entitled to 
all the ingenuity that a workman can develop. 
It may be noted that some of the Government 
Departments set the example in this attitude, 
and go so far iis to forbid employes to patent any 
article of process connected with their particular 
work. Possibly, the regulation is the result of 
abuse of privileges and facilities, but its direct 
effect has ht^en only to have the inventions of 
these interdicted Government employes patented 
under other names. The manufacturer with a 
true eye for productive economy docs not 
follow this course of action. He luis sufficient 
oversight of his business to bo able to accept only 
such idt'as as ho finds of money-saving value, and 
he willingly pays the men whose everyday tasks 
lead him to evolve those ideas. 

The Danger of Anticipation. Having 
fixed his invention, either by manufacturing 
a mod(*l, by merely making drawings, or even 
by having only framed a mental conception of it, 
the inventor naturally wishes to secure monopo- 
listic, rights. He may do this at once by applying 
for provisional proh^ction ; but he Avill be wise 
to asccutaiii first whether or not the idc^a has 
already been patented. It is not remarkable 
that tlie same occasion should inspire different 
individuals with similar ideas, and probably 
more than half of tho inventions of which 
inventors at first believe themselves to be the 
originators have been anticipated. 

The inventor may, if he live in London, or 
visit that city, search the files of the J^atent 
Office, in Southampton Buildings, ( ’hancery Lane, 
London. 1 f it be impossible that he should make 
this search himself, ;tny patent iigent will do it 
for him, charging in accordance with the tinu^ 
occupit?d in the search. A search is usually, 
liowever, a cosily business if made by an agent. 
"I’lierc is now less occasion than formerly to have 
n patent agent-made search for ant icipations of 
an invention. LTnder the new British Patent 
Act, the oflicials of the Department make a 
search in the case of every complete specification 
tendered for registration. But we must assumo 
that our inventor is not prepared to squander 
money on complete letters patent before the 
probat ionaiy or provisional stage has been 
passed. The precise distinction between the 
two Avill be explained later. 

Provincial and Colonial Searching. 
Facilities for consulting the patent records are 
not confined to the residents and visitors to 
London. There are many places in Great 
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Britain, and out of it, where the complete sets 
of abridgments and specifications are hept 
for reference. We give a list of the provincial 
and colonial libraries and museums whore the 
hies may be consulted. 

UNITED 

Belfast — Free Public LU)rary. 

Birmingham— Reference J.ibrary, Patent Department, 
Eden Place. 

Bolton— Little Jiolton Library. 

Bradford, Yorkshire— Free Idbrary, Darley Street. 

Bristol — Public Libraries, Hotwells Branch Lllirary. 

('arditf — Central Free Library, Refertmce Department 
< .arlisle — Public Library, Tullic House. 

J)erby — Public Library and Museum. 

Dublin— National Library of Ireland, Kildare Street. 

„ —Public Record Office. 

Dundee — Public Library, Albert Institute. 

Edinburgh— Royal Scottish Museum. 

Ohisgow — Stirling's and Glasgow Public Library, Miller 
Street. 

Halifax — Public Libr.iry, Akroyd Park. 
iJorwich — Mechanics' Institut-c Library. 

Huddersfield — Public Library and Art (Jallery. 

Hull— Public Libraries. 

Ipswich— Free library. High Street. 

BRITISH C( 


every razor patented in Grc^at Britain since the year 
1617. Should the abridged description in the 
volume not convey to him sufficient details, he may 
examine the complete specification, which he will 
find upon the shelf under its year and number. 
KINGDOM 

Isle of Man - Douglas - -Rolls Otliee. 

Keighley — Meehanics’ Institute, North Street. 

Leeds -Lree Public Library. 

JiClccster —Free Public Library, Wellington Street. 
Liverpool -Free Library, William brown Street. 

J.oiuion — Free Library, London Street, Bethnal Green 
(from IHSH). 

„ — British Museum. 

., — Science Library, South Kensington Museum. 
Manchester — Free Library, Deausgate. 
Newc}istle-on-Tyno— Public Library, New Bridge Street. 
Newport, Monmouth — Free Library. 

Nottingham — Central Free Public Lil)rary. 

Oldham —Free Library, Union Street. 

Preston Harris Freti Public library and Museum. 
Boehdale — Free PubU<*, Library, Esplanade. 

Salford Free Jabrary, Peel Park. 

Sheltleld — Free Piiblii-, Library, Surrey Street. 

Swansea — Public Library. 

WolvM‘rhampton— Free Library. 

LONIES, ETC. 


Canada — Quebec — Montreal — (\^uneil of Arts and Manu- 
factures of Queboe. 

„ — Ontario — Ottawa - Patent Office. 

,, — Toronto— Public Library. 

India — Bombay— Patent Ortiec, Secretariat. 

„ -Calcutta— Patent Otliee, Imperial Secretariat. 

,, —Madras — Patent Office, Secretariat. 

New South VV'ales — Sydney— Public Library. 


New Zealand — Wellington— P.'itcnt Office. 

Queensland — Brisbane — Public Library. 

South Australia —Adelaide — (U)lonial Institute. 

„ — School of M i nes and Tndustrep 

Tasmania— Hobart — Public liibrary. 

Victoria ~Melb<»urne “Commonwealth Patent Office. 

„ — Public Library. 

WeskTii Australia — Perth — Public Library. 


There are many otlier plat^os wliere tlie 
abridgment volumes, but not the complete 
epee ifieat ions, are kept for reference. The list 
is too lengthy to give in detail, but it may ho 
obtained on application to the Patent Office, at 
25, Southampton Buildings, Chancery Lane, 
London, W.C. It is worthy of note that no 
South African town appears among the plat'cs 
where complete specifications may bo examined, 
for which reason it may serve a purpose if wc5 
place on record that the volumes of abridgments 
may be consulted in the (volonial Secretary’s 
Office in Cape Town, and in the Seymour 
Technical Library, Johannesburg. 

The Search. We shall take for granted 
that our inventor makes his own search. He 
enters the Patent Office Library, which is open 
from 10 a.m. to 10 p.m. every week day, and 
after having signed his name in the book at 
the portals, all the records are ready for his 
inspection, without charge whatsoever. He will 
find on the public tables. nearest to the door full 
sots of name and subject indexes, oue volumi* of 
etich for each year. If he knows the ropes, h<i 
will pass these and select the volumes of 
“ al^ridgments.” 

In the British Patent Office patents arc divid(*d 
into 146 classes. The searcher must find into 
which of these classc's his invention falls. Let 
us assume that ho has invented a safety razor. 
He will find that group 30 is that for “ cutlery. ’ 
One abridgment volume of class 30 show s, in con- 
densed form, all the patents in the cutlerj’ group 
for the four-year period ending 1900, and every 
quadrennial period is the subject of another 
volume. Every volume is indexed. The inventor 
turns to “ razors,” and consults the specification 
numbers following it. He may go through all the 
volumes, and may consult every sjiccifica^ion of 


A Void Patent. A patent that has 
become void has, of course, ceased to be a patent, 
and everyone is free to make the article. It may 
be that our protege with the razor inventionfinds 
that he hixs been antieipated. This moans that 
he cannot secure the privileges of moiiopoljr 
for the article. But he may wisli to know if 
he is at liberty to manufacture it. (Should he 
find that it was patented more than 14 years ago, 
he may be quite sure that the patc'ut is void. 
Slioukl tiu* same article have been patenU'd 
several times, and the first patent have become 
void, no one possesses any proprietary rights in 
the invention, no matter what paynumts may 
have been rnadci by any subsecpient inventor or 
patentee. Tf th(5 payments upon the original 
patent have been maintained, tiu* jiatent is valid, 
although a subs(‘quent patentee may have ceased 
paying the requisite f(M‘S. A book in the Patent 
Office Library contains a re(;ord of payments 
upon every British patent, and may bo <'onsulted 
by anyone. It is iirofessed that the aceunvey of 
the entries is not guaranteed, yet they an^ 
invariably correct. Still, the seaixiher may, by 
going to another part of the building, and paying 
on(‘ shilling, see the actual fee n'gister of the 
Patent Office, about the accuracy of which 
there is no question, and h(‘ may liave an 
otfieial certificate of the ein reruty, or otherwise, 
of any liritish pabmt, by paying a fee of 
shillings. This extreme is followed only foi‘ k'gal 
evidence. 

Taking Out a Patent. We may assume 
that our friend with the safety razor is satisfied 
that he has not been anticipated, and that he Ls 
prepared to take out letters patent. Wc ther( 
fore continue the subject by demonstrating the 
cost and methods of applying for patent rights in 
Great Britain and o4her countries. 
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The Construction of Dams, Cofferdams, and Caissons. The Use of 

the Diving Bell. Tanks. The Value of ^‘Head” in Foundry Practice 


By JOSEPH G. HORNER 


Y^E Jiavf spoken hitherto of the appli- 
^ cations of M'ater pn'ssurc to the 
accomplishment of wark, But tliere is 
another aspect of tlio prohliiin which the 
engineer has to take account of — namely, to 
bo sure that structures will be able to resist the 
enormous pressures to which so many of them are 
subjected. The law of liquid pressure is that the 
pressure varies as the de])th, so that its increase 
is in exact ju'oportion to increase in vertical 
d *pth. The engineer, therefore, has to devise 
means to resist the hydrostatic- pressure of water 
present in large ciuantities, and with incu’easc in 
depth those difticuilties grow. 'Hici most im- 
posing examples are those of darns closing the 
ends of reservoirs, or barring up the waters of 
streams. 'Jhcse arc^ among the finest piec<*a of 
work in the world. In otlu^r cases the structure 
takes thc^ form of a cotferdam, or of a caisson, 
both being used to exclude water from areas 
within which mc'u have to work in the dry. 

Dams. Deep watcw in a cpiic-sccmt state has 
enormous pressure. Thougli we assoeiatci force 
with water in motion, with 
the breakers, tht^ ocean 
rollers, and the big tidal 
vvaves, these are the dfitia- 
m ic8 of water. Hut where ver 
the cmginc'c'r goc s to work 
far beneath the surfaces of 
still. water he is confronted 
with the inexorable laws of 
Jiydrostatics. 'Phus. lake 
the cast' of a reservoir, or 
river barrage, tht- mo\ilh of which is closed 
by a dam. "Phe finest exampK’s of dams 
occur at the mouth of the great reservoirs 
for water supj)ly, and at the barrages of the Nilc^ 
and other streams wlicre they impound the 
water of floods for use in dry seasons. These' 
dams are always built of masonry, very broad 
at the bas('. Almost invariably they are pierced 
with openings, having lifting gates or penstocks 
for the regulation of the flow. An exception 
occurs at (Jiloppo, in Helgiiim, where the dam is 
absolutely solid, and the impounded waters are 
led away through pipes at each end of the dam. 

As the weight of a cubic foot of water is 
02 J lb., that represents the w^oight pn'ssing on 
a square foot of surface, multiplied by as many 
feet as the depth of the water. At a depth of 
GO ft., therefore, the pressure is 02| x 60 =- 
3,750 Ih., or a load approaching IJ tons on every 
square foot. Laterally, the pressure exerted at 
the bottom is about equal to the perpendicular 
force. Multiply this pressure by the total length 
of a dam, and the pressure is enormous. It 
explains why, when dams have been under- 

1402 


mined by water oozing tJirough the foundations, 
and when tlio foundations have also sloped 
away in the direction of the lateral pressure, 
they have sometim(;s been swept aw'ay, carrying 
awful destruction and death through the areas 
billow. Tt explains the enormous thickness of 
the (hleppc barrage near Spa, 72 yards through 
at the base. The great Nile dam at Assuan 
[158J measures 50 and 00 ft. through the base in 
some parts. Its pii^rs and arches are built on 
a solid foundation of masonry 10 ft. in tbiekness 
and S7 ft. in width, protected by cast iron 
piling from all risk of the insidious liltration of 
water. The piles go down 23 ft. from the 
surface of the masonry floor into the sand of the 
river bod. This dam measures rather more 
than half a mile in length, (contains 704,000 
cubic yd. of masonry, and required 824,000 
cubic yd. of excavation. It coat £2,450,000, 
was built in three- and a half years, and is able to 
impound l,OtM),000,000 tons of water. It is 
juerced by 180 sluicc's Ishown in right hand 
figure, 158], w^liieh are capable of regulation, and 
(;an pass 475, 0(H) cubic ft. 
of water per second, at a 
velocity of 20 ft. per second. 

Cofferdams. Tak(- the 
eoUt'rdams and caissons 
just mentioned. These are 
the aids by whicii tlu^ 
engine('r builds deep founda- 
tions in running streams 
and in tidal waters. Diving - 
hell work excepted, lu; has to 
build his hujndations in the dry, even though 
they go down 20, 30, or 40 ft. benoatli the bed 
of llu^ slrejirn. Heiict', the cofferdam, or the 
caisson, is ttonslriurted first, enclosing an area 
from which the w'aler is displaced, leaving it 
dry and ready for excavation, and for the laying 
down of masonry or concrete. Tlie differences 
are, in brief, as follow^s. 

A cofferd:Mn is usually built by piling and 
puddling. 33ie structure, may be round, square, 
oblong, or j>rismatic in plan view. In cither 
case, it comprises two sets of piling — that is, 
there is an inner and an outer ring, or rectangle, 
or other form built of squared piles, driven in 
close contact down their sides. Between the 
inner and outer rows is a space of 3 or 4 ft., 
which is filled with clay puddle well punned 
down. Of course, piling involves more than 
this, as cross bracing with wale pieces, sheet 
piling, etc., but with these details we are not 
concerned here. Tlie simple point is the con- 
centric rows of piles, with the puddled space 
between, by which the water is excluded from 
the central area, after it has been pumped dry. 
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I'his IS a simple case, because if deep excava- 
tions are required, or, say* those exceeding 
about 20 ft. in depth, the wah'r would burst 
through l>elow the piles, and swamp the men 
and their work. Tn deep foundations, therefore, 
the eolf(‘rdam gives place to the caisson, which 
is sunk deeper in stages, as the men excavate 
dt^eper. 'Fhe difficulties herci are far greater 
than those which exist with piled colhirdarns. 

Caissons. A caisson is a tubular structure, 
usually circular or elliptical, sometimes rect- 
angular and made of steel — though wh(‘r(» 
timber is plentiful, as in America, oft<‘n of 
wood. All around its bottom edge tluu’e is 
a sharp steel shoe, which is made to cut 
its way down into the soil by Uk' weight f)f 
the caisson itself, or by extra loading on it. The 
caisson is made in sections, so that as it sinks 
deeper, fresh lengths are addl'd above to keep 
its mouth always above the level of the watm\ 
Here, also, there are numerous details on which 


not exceed from J in. to J in. in thieknoss, they 
are bract;d together with diagonal bars to enable 
them to resist the water pressure surrounding 
them. Moreover, the lower j)arls are niuoli 
stronger than the upper, because the pressure 
increases with deptli. 

Deep Caissons, But when caissons go dow n 
very deep, it is ni'ei ssary to counterbalance the 
pressure of the wati'i* by opposing to it that of 
compressed air. 1’hat involves the separation of 
the working ehaiuher from the atmosphere, and 
c‘nclosing it completely, and supplying air by 
pumping into two atmesjihcres or more. Tha^ 
again, involves the use of air-tight air locks, with 
double doors for j>reventing outrush of air from 
the chain b('r, as often as men and materials 
ascend or di sccnd. Observe 159, which is a sec- 
tional view through the S.K. Tncligarvio caisson of 
the Forth Bridge. This working in comprcssi'd 
air is very trying, and is tlie cause of the caisson 
disease, but it is all due to tlu^ pri'ssuri^ of 


wo cannot touch. But the (issential fact to 
remember is the hydrostatic pressure. This is 
resisted by making the caisson very strong. 
Though the steel plates of which it is built do 
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159 . INCHaARVI£ S.JU. CAISSON (Built by Sir Wm. 


the wab'r at great depths, whieli, without 
the counter pressun? of the air, would force 
out the soil from the foot of the caisson, 
and follow it into the working area. Sucli 

aecid(‘iits have ofb'U liaji- 

pened, and men have lost 
tlic'ir lives in consequence. 

'Hie water ]>r 'ssure is ever 

present to cause anxiety to 

the engineer, and human 
foresight cannot always guard 
against these dangers. For 
layers of strata of difTeront 
kinds overlap, and a tough, 
elose elay may exist over a 
jjHjj TT l>()dy of sand; or denser and 

r , 'f looser gravel and houhh'rs 

' may intermix, and W'ater will 

H H.V\t ffiul out tho weak places, and 

, ' Wi|4 way to prevent its 

■fN ■HK ' ingn'ss is by counter pressure. 

1 . ' A The Diving Bell. Tho 

1 laws f)f hydrost alios and of 

pm'umatics are often found 
— I*- mutual operation. Wo 

saw' that in the sucking 
pump, and we have noted it 

I"" 3 bi deep eaassons. It is also 

' bi the diving h(?ll. 

. ' ' Down at Dover Harbour and 

" ^ elsi'wheiv you may see huge 

diving bells at work, pre- 
;*y* paring subruarine foundations 

* • ■ ' I for laying eoncn'lo blocks on. 

■ ' o io Ah'ii work in an atmosphere of 

^ ^ f ■ eomj)ress(‘d air in tin; bells, 

which must be at least equal 

« t() that of th<* walcr at tho 
depth of tlic b('ll, and is 
actually greater, in order to 
drive all, or nearly all, the 
water out of the hell. Tho 
air is, of course, pumped in 

If w’c considc'r a moment, 
_J we see that there is no cssen- 

ArroJ <fe Co., Ltd.) lial difference between tho 
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diving boli and (he deep caisson having an en- 
closed working chamber, 'rho closed chamber 
may ))e likened to llic bell ; and, on the oth(T 
hand, tla^ bell would only need to have a cylin- 
drical tuh(* attached to its roof and coming out 
above tlu^ top of the water, and be fitted with air 
locks to be in all respects, except details of 
mechanical construction, identical with a caisson. 
Even in the diver's dress, water as well as air 
plays an essential part. It is a question of 
displacement of water by loading the diver 
with heavy clothing, without which he could 
not got to the bottom against the pressure due 
to the head of water above, which. In ing much 
greater than that of the specific gravity of his 
body, w^ould force him up. 

Tanks. Hydrostatic pressure assuiiK's a 
rather difTonmt aspi'ct when tanks of irudal are 
required than in the reservoirs with earthen 
sides or than with caissons. The d<'vice of 
having wide and w^ell-s loped banks, as in dams, 
is not available in iron and steel tanks, Y(‘t in 
many of these, very great press iirc's have to In* 
sustained. A tank only .'10 ft. d(‘ep would have 
over a ton of load on every square foot of its 
bottom -thus, .10 x 02-5 -- 2,2.50 lb. There 
arc only two materials used in tanks — cast iron 
and mild steel. 

Th(‘ tirst are made* 

of plates, from 3 ^ , , 

to o ft. square, f 8110 I B I 1 

bolted together [1:J ' ! M ' .. 

througli flanges ; | 

the second are 

built up of sheets *^**" ‘ ^ - .... 

riveted together. n 

The cylindrical rU , " ^ ■ 

form is stronger | j J | I 8 ■ 'I 

than the reef- ^ ^ ® 

angular, hut is 

not so readily <-'astin(.-mould ro 

obtainable in east iron, so that tanks of this 
mat d ial are made of square or rectangular 
shape. Several juveautions have to be taken, 
as follows. 

As the pr(‘ssur(^ on tin; bottom is the greatest, 
and as it is diHieult to make plates thick enough 
for the required stnmgth, one plan is to aifford 
a l(‘vel support to tlu' bottom, i*ithcr on girders 
or beams, or on concrete. This applies to 
tanks of the largest dimensions maae. For 
those of sniall(‘r size, a cast-iron bottom is often 
made, well ribbed on its lower face, the ribs 
reinforcing the otherwise flat weak plate, and 
recpiiring no other support. Concave, and 
convex bottoms, and conical bottoms have been 
proposed, the cambering in (utlier direction 
affording the required strength ; but such 
forms are neitluu' so readily made, nor so easily 
supported as flat bottoms are. 

The sides of tanks are, of course, subject to 
greater pressure at the bottom than at the top, 
and therefore the plates, in the ease of deep 
tanks, are of greater thickness as the depth 
increases. I'hus, if the upper platc-s in a east- 
iron tank are J in. thick, tlie lower ones may be 
f in. Nor is this sufficient, but the sides are 
held against pressure by several tic -rods passing 
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riglit from side to side of the tank and bolted 
fast thereto. To render tanks watertight, they 
are eaiilkcd. In cast work the flanges only 
abut by narrow edges, leaving a depth of flange 
of from 2J in. to 3J in. open, and the space 
is caulked with rust cement, well stimimed 
in. Steel tanks are caulked by burring the 
edges with a caulking tool or chisel, precisely as 
boiler plates arc treated. 

Molten Metal. There is another aspect 
of the subject which concerns liquids othei 
than water. Who has not heard of the fluid 
compressed steel, the inception of which was 
due to tli(^ late Sir Joseph Whitworth ? But that 
w'as simply an application of the principle which 
w'c have already noted as relating to the differ- 
eneo between a natural head of water and the 
equivalent of head artificially produced by 
pressure. 

And the foundryman may not neglect this 
question of licad, W'hich is really intensified by 
the large diff’erenee in the spc'cific gravities of 
water, and of liquid iron, or stc'cl, or brass. 
II(‘ may take advantage of the fact, and by so 
doing ensure the production of sound, solid 
castings ; or he may neglect it, and find the 
fluid metal running out of the mould, or the cast - 
^ ing being honey - 

('ombed with 

- — g — ■ ■ I..,.. holes. 

• I 1. I I 1 1 I • 

■ . [ I ; tromes, therefore. 

' ■ wo have the fluid 

{•’ compression and 

.i iXj" ’ ^ the natural head. 

^ ^ readily 

. ■ « B • j. SAl understood; the 

i I 8 1 , 1 ' ! molten steel as it 

cools ajid shrink.; 

CASTI N(J- MOULD FOR IIYDUAULIC CYLINDER receives artificial 

press ur(i from a 
liydraulic ram and pump. As shrinkage continues, 
the pressure is maintained until solidification 
occurs. The result is t hat instead of a more or less 
spongy ingot, from the upper part of which 
from one-third to one-half the length has to 
be cut off, to leave only the remainder as 
suitable for use, practically the w4iole ingot is 
solid and sound. Of such stuff guns are made, 
and propel lei shafts, and anything else in which 
soundness is aLsolutcly essential. 

••Head” in the Foundry. In tho 
ordinary work of tho foundry, head for 
purpose's of pressure is obtainc'd by pouring 
the nu'tal at some height above tho top of the 
actual casting, and letting it run down into the 
mould. Engine cylinders which hold steam 
undi^r pressure, hydraulic cylinders which carry 
watt^r similarly, pumps also and pump casings, 
and all work subject to pressure w hen in service, 
have sjweial treatment in the foundry, in which 
advantage is taken of hydrostatic pressure. 

To ensure the most satisfactory results the 
method of casting upright is also often adopted — 
that is, instead, say, of pouring a cylinder or a 
ram or pipe with its longitudinal axis lying 
horizontally, it is poured with the axis in a 
vertical direction. 
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FigB. 160 and 161 are Bcctiona through two Texture of Metal. To those who an' 
niouldH of a hydraulic cylinder, drawn to unfamiliar with iron and steel, it might seem 

illustrate these points. Fig. 160 is the mould as though there could be no such thing as 

arranged for casting horizontally. H is the porosity and weakness present in them. But, 

head when the mould is filled witli fluid metal. unless the above precautions arc observed. 

Fig. 161 is the same casting for pouring verti- iron and steel become so spongy that they 

cally, and here also H represents the hetwl. will allow the passage o£ water through 

The difference is very great, especially whem w'o the pores when subject to hydrostatic test, 

remember that it is not head of W'ater, but of 'Ihis question of closeness of texture of metal, 

iron, which is about 7^ times gn^ater than that therefore, is a very important one, and a difli- 

of water, a cubic foot weighing 450 lb. Suppos- cult task to secure when very high pressures arc 

ing that a pipe or cylinder were 9 ft. long, the in question. On page 1221 iiK'iition was made 

difference in favour of casting upright due to the of the liydraulie canal lifts in 

difference in length and diameter, would be, say, r”' T Franco and Belgium working 

8 ft. head at the bottom part of the casting over the S 479 1b. per 

horizontal position. And it would not be 8 ft . head ^ * sijuare iiidi. This is an 

of water, merely, but 8 X 7. i, ^ I enormous pri'ssure, consider- 

repre..senting nearly the sped- ^ I ing the size of the cylinders 

tic gravity of iron, or 8J for — fi ft. fij in. — though it 

bronze, or over 72 for steel. F-'qfr^ T 3 f^l > would be low^ for small 

••Dead • head.** But • 1 i < I • ^ ^ bores, and could not be sus- 

moro than this is often ^ - I ; j | J 5/ I . j tained by any ordinary 

done. The height of the ^ \ J ^ ‘ cylinder. It might 

pouring basin A in the •'^1 ' '-I bethought that there is no 

diagrams is often carried up ; \ L J: ; 1^’ 1^1'*^ strength which 

from one to two h^et above '-•) r • 1^^^^ ensured by making 

the top of the casting, with -.’..i ' .1 . metal in walls very 

the object of iiuTcasing the . .rj.; ; ' I i ^ thick. That is not the 

head. And further, where :I ' S I |l case', as has bc'on demon- 
great soundness is essential, ^ -.V: I ; | ^ strated in gunmaking. 

extra length is added (® . >, j I ' \ There comes a limit at 

above, to be cut off from . ;.j 1 which increased thickness 

the actual casting, termed ‘‘•.v ' •! - . strength, 

“ head-mot al” or “dead* ’V; '' !} <’ "I 162. and this is the reason why 

head” [B in 161], the actual \ ; 1; ; .[ UYDRAULIC the biggest guns are built up 

length of casting as required ' i ! ’ " • | cyj.inokr with lay(*rs of coiled wire, or 

when Bis cut off terminating v; llv : by shrinking rings around 

at a. The height of this addi- V 11. ' I the body. In the Belgian lift the 

tion B is made less or more j-ki ! j ; x cylind^^r, thougli 4 in. thick, was hoopc'd 

according to the amount of | ! ; around with coils of steel 2 in. thick, 

solidity required in iho cast- IJ shrunlv on, because it could not have 

ing. The wTi ter has often seen i* - - ■ . 1--,' been relied on to resist tlu* piTssure 

as much as from ono-fourth 10^ mould for without siuih reinforocunent. 
to ono-third of the finished hydraulic cylinder story of how tilio press 

easting added in the shapt; cylinder fractured during the lifting of 

of head, to bo afterw^ards cut off and remeltcd. the tube of the Britannia Tubular Bridge. The 

This is a utilisation of hydrostatic pressure, load was 1 , 1 44 tons, the cylinder 22 in. boro and 

but the function of the head is also to receive 8 in. thick. It fractur'd at the bottom of ilw 

the dirt and sullage that is liable to get into a cylinder A [162], tearing the. end away. The 

mould, and so be <*ntangled in th(' metal. But, lesson then learned, wliieh has never been 

being of less specific gravity than metal, it forgotten, is not to have a keen angle m a 

rises and floats beyond the casting up into the struct uro subjected td grt'at j)reHSur(*. Th(» 

head. Lastly, if one face of a casting is wanted cylinder cast to replace this w'as mad(‘ with a 

more solid than others, this is ensured, wdien nearly liemisphcrieal curve, also shown [BJ, and 

practicable, by casting that face lo^^c^most, it did not break. This foim of end is now 

wliore the pressure is greatest. found on all such types of cylinders for presses, 

CofiUnued 
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By ERNEST A. CARR 


A Familiar Figure. Many of thn muni- 
cipal civil servants whose callings we have 
<iiscusse(l are but little known, even by name, 
to the g(meral ]>ublic whom they serve. Unlike 
these, however, the police officer does his duty 
under the eye of the peo])le. By day and night 
alike, his blue-clad, helmeted fig\ire is so familiar 
a feature of our streets and country roads that 
he ikhhIs no introduction to any of us. Nor need 
we trace the liistory of police development, 
interesting tliough it. is, from the ancient system 
of “ hue and cry ” — when every man Avas a 
peact^ officer — by way of the city watch satirised 
by Shakespeare, and the decrepit “ (/harli('S ” of 
the cighU'cnth century, to the smart and 
efficient police forct'S of to-day. 

Without more words, then, w(; may ptuss 
to consider the police service as a career. Tn a 
work like the present, addressed Aery largt‘lv 
to students, and to young men Avho have not yet 
definitely chosen their calling, specjial importance 
naturally attaches to the conditions of cntiy 
into the service. We shall tluTcfore seek to 
show the prospective police offic(‘r v(*ry clearly 
what physical and other (pialifications are 
requisite for candidates, and what steps should he 
taken in order to gain admittance. Other 
leading features will he the duties and rates of 
pay in the various grad(*s, tlie prospects of 
promotion, and finally the terms on Avhich 
pensions ai^' granted. 

Numbers and Constitution. The 

police, forces of the United Kingdom number in 
all some 03, 000 men— a civil army about as 
nunuirous as the medley of British, llelgian, aiul 
Ilanov^erian troops avIio lined the ridges of 
Waterloo. Of these officers 40,0(M) are stationed 
in England and Wales, and betwcHUi 11,000 
and 12,CHX) in Ireland. We have termed the 
police a municipal body, and in the main 
that des(wiption is accurate. If avc cxe.hide 
Ireland, and that parti of I.ondou Avliieh lies 
outside the City proper, every police force 
in the Kingdom is under the control of a local 
authority. They comprise tAvo great divisions 
— the county and the borough eoiistahulary, 
the former being controlled by a standing 
joint committee of the quarter sessions and the 
County Council, the latter by a special committee 
— the Watch Committee — of the Borough 
Council. In the City of London, the Court of 
Common Council insU^ad of the Watch Com- 
mittee is the police authority. 

To the general rule of inuniei])al control there 
are but three exceptions. They are very notable 
ones, consisting of the largest civil forces in the 
Kingdom — the Metropolitan and Dublin Police, 
and the Royal Irish Constabulary. The first, 
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although paid largely from municipal sources, 
is naturally, as the civil power for the capital of 
the Empire, controlled by the Home Secretary. 
The Dublin Polici? owe allegiance to the Chief 
Secretary for Ireland. The third body — doubt- 
less for old-time political reasons -is under the 
direction of the Lord-Lieutenant of Ireland. 
Neverthel(‘ss, as police organisation throughout 
the country is nearly uniform, it is expedient to 
include these three Imperial forces among their 
many rnuriieipal br(‘thren, so that our police 
siwviee may be considered as a whole, and 
within the scope of a single article. 

On su(;h qui‘stions as the age and height of 
(iandidates and the rates of 'j)ay for officers of 
eiAch grade, no fixed scale is operative, each local 
authority being empowered — within certain 
liiriits — io fix the standard for its own force. 
For the most part these di (Terences are but 
slight, and the best method of treating our com- 
posite subject will probably be to select as 
typical that largest of all police bodies— the 
Metropolitan Police Force, distinguishing where 
necessary between its rt'gulations and those of 
the City Police and the numiu'ous county and 
borough forces. The Royal Irish ( Vmstabulary, 
hoAvever, as a semi -military IxKly wdth a special 
organisation of its oAvn, Avill be separately con- 
sidered. 

The Metropolitan Police Force. This 
justly -renowned body, to Avhich is entrusted 
the unique task of safeguarding the citizens 
of Greater London, has an area of 700 squani 
miles under its surveillance. As an Imperial 
force it also furnishes men for duty at the Royal 
palaces, chief naval bases, and War Office 
factories and stores. Subject to the supremo 
control of the Secu’etary of State, it is directed 
by a Chief Commissioner and bis three assistants. 
According to the latest available returns, its 
strength is as follows : 


Chief (^ms tables 


5 

Superintendents 


30 

Inspectors 


635 

Sergeants 


. . 2,128 

Constables 


. . 13,990 

I’otal 

. . 

. . 16,688 


Every constable is informed upon enlistment 
that he may hope to rise by activity, intelligence, 
and good conduct to the superior grades ; and 
as each position below that of chief constable 
is tilled by the promotion of subordinati*8, 
the scope afforded by this democratic service 
to a zealous and able officer is very considerable. 

Conditions of Entry. Every candidate 
for the Metropolitan Police must be over 21 
and under 27 years of age, must stand 5 ft. 9 in. 
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high (without boots or stockings), and must be 
free from any bodily complaint, and of a strong 
constitution. He must furtlicr be generally 
intelligent in the judgment of the officers 
before, whom he presents himself, and must 
be able to read well, writer legibly, and havt^ a 
fair knowledge of spelling. He cannot ac- 
cepted, as a rule, if he has more than two children 
dependent on him for support. 

The bodily complaints for which candidates 
are most frecpiently rejected include rupture, 
flat-foot, varicose veins, tumours, stilTne.ss of the 
joints, narrow chest, and weak sight. 

An application form for this service can be 
obtained from the Commissioner of Metro])olitan 
Police, New Scotland Yard, S.W., and should 
be filled in by the would-be constable, in tin* 
presence of tlu^ cliief officer of police for his 
district, with certain particulars as to his age, 
character, and calling. The chief officer then 
measures and certifies tlie candidate's height 
and chest development, and the form, tluis 
completed, is returned to the Commissioner’s 
office. If this preliminary inquiry is sat isfactory, 
th(> candidate rc'ct^ivcs notice to attend at New 
Scotland Yard one morning, where his nuiasurc- 
nients are cluTkcd and he is carefully examined 
by a police surgeon. Having passe ‘d this 
ordeal and given proof of his general fitness 
for police duty, ho is drilled for three weeks in 
squad exercises and ambulance duty. His period 
of probation is now at an end. He is sworn in as 
a police constable, and posted to one of the 
22 divisions of the force, when*, after a little 
further instruction in his work, he finds himself 
at length a constable in earnest. 

Police Duty. Metropolitan police con- 
stables are required to perfonn (^ight lioiir.s’ 
duty daily. Night work is always done in an 
unbroken spell, from 10 i).m. to (i a.m. ; day 
duty is perform<Hl either at a stretch or in two 
spells of four hours each. The work may be 
cither patrolling a pn*scril)cd round (in official 
parlance, a “ beat ”), or standing sentinel at a 
fixed “ point.” The latter duty sometimes 
involves “ traffic regulation ” — the hated task 
of standing in the carriage-way at a crowded 
stretii corner, directing the nc'vcr-ending cross- 
tides of traffic. As a rule, the officer is engaged 
during alternate months on night and day work. 
'J’he latter is pleasant enough, save in the worst 
of weather ; but the former, with its long, silent 
hours and its encounters with ruffianism and 
crime, is both tedious and trying. To secure? a 
savage prisoner single-handed amid a hostile 
crowd, in “ the wee sma’ hours ayont the* 
twal,” taxes all the novice’s courage and skill. 
But tact and judgment, combined with a f(*arle8s 
bearing, are admirable solvents of the? rough 
practical problems of street duty, whether by 
day or night, and the young constable soon 
becomes seasoned to his work. 

River and Mounted Police. In addi- 
tion to ordinaiy street officers, the Metro- 
politan Force includes two special branches 
-^the Thames 'division and the mounted con- 
tingent. llio river force is recruited entirely 
from sailors and boatmen, who must be able 


to swim and skilled in the management of small 
craft. For the mounted section, preference; is 
given to men wlio have; sc*rv(*d in a cavalry 
regiment, but any offie*e*r wlu) is an expe*rt ride*!* 
and understanels horse*s can apply to enter it 
after six months’ se*rvice; on foot. Kxcc})t thai 
the horsemen are; rcepiircd to do 10 hours’ duty 
daily — five; in the saddle anel five* in the stables 
both river and memnted officers a-rc suhjeM*t to 
the ordinary cemdilions of tlie service. 

The Road to Promotion. After a le\v 
yews of steady work in the ranks, a eonstahle 
who is sober, reliable, and shrewd may look for 
promotion to the lank e)f sergeant. The first. 
8tt‘p towards this object is to obtain his super- 
intendent’s recommendation— -generally tlirougli 
the kind office's of a frie'iidly inspector. Candi- 
dates thus se'le;(;te‘(l .are first subjecte'd to a pre- 
liminary tiial in writing and arithmetic by tlio 
.stAtion clerk, and tliose* who there acejuit them- 
sidves })assably, anel have mastered police squael 
drill, arc sent up for sergeant.” 

'Pile; first and most trying part of the actual 
ordeal for ])romotion is an examination in j)oliec 
duty by a hoard consisting of a chied constable 
and four supe*rintcncle*nts. The; aspirant for the3 
sergea.nt’s stripe.s is reepnre'd to make out written 
reports .spenufying exactly what steps lie would 
take on a given contingency arising -a fatal fire, 
an accident to his Majesty's mails, the escape 
of a ])risoner undt'r arrest, or sonu; such emer- 
gencies. Jf his answers show" hotli knowledge of 
police })OW(;rs and diser(‘tion in wielding them, 
he is called before the examiners to answer 'vii'd 
rocc a few searching (jiu'stions based on th(* 
” police inst ruction book ” — a formidable manual 
of polic<‘ law' and practi(*(*. Many candidatt'S 
fail at this stage through ru'rvousness or over- 
confidence, wlicn an instant’s quiet rcHc'ction 
w-ould liave saved them. 

The survivors undergo a sinqile ('xaminalioii 
in writing and spelling, reading and copying 
manuscript, elemi'nlary eomjiosilion, and tin* 
first four rules of a,rithmetie. Those who pass 
are then appointed sr^rgeants as va.eanei(*s occur. 

An intelligent officer is usually afforded tw'o 
or three eham*es of “ pa.ssing for s(‘rgeant,’' hut 
only the sp(;eially r(*eommend(*d are promoted 
wit bout (*xam illation. 

Inspectorships. For a.dvaneeiu«‘nt to the 
grade of inspeetiu- a moic* difficult exainination 
must be taken, Iho test of poliet; duly being 
more exacting, and Ihe arithnu'lic paper in- 
cluding weiglits and measures, reduction, an<l 
vulgar and decimal fiaelions. A eapabk*, well- 
educated man, who does his duly wllh /.(*al and 
discretion, and has kept his ‘"defaulter’s sheet " 
el(*an, should be able to attain an inspectorship 
without undue delay. But the highi‘r positions 
available, as sub-divisional and chief in.spoctors, 
and as Huperintend<*nts, are so few and so eagerly 
contested that further advancement i.s iK'ce.ssarily 
slow and uncertain. An examination in Fnglisli 
subjects and in advanced knowledge of polici* 
duties and administration is presfaibed for oacli 
rank. Promotion is said to lx* slowest in the 
mounted brand i. 
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The C.I.D. Tlio detective branch of the 
Metropolitan force has its headquarters at New 
Scotland Yard, and though officially described 
as the Criminal Investigation Department, it is 
better known to fame as the C.I.D., or “ the 
Yard.” It is specia’ly devoted to the repression 
of grave crimes, and such as involve elaborate 
inquiries or present other specif difficulties ; and 
if the work of this department scarce realises the 
sensational descriptions of novelists, it is in sober 
earnest very responsible and'1:rying, and occa- 
sionally dangerous. On the other hand, the 
absorbing interest of detective duty, the special 
rat(*s of pay for sergeants and higher officers of 
this bran ell, and the ehanees of personal dis- 
tinction and valuable rewards, attract lo the ranks 
of theC.T.D. the ablest members of the force. 

To become a didecdive, however, is far from 
easy. Every officer is individually sek'cfed from 
the uniform staff, and must display in tl^at 
capacity exceptional shrewdness and resource 
in dealing with crime ere “ the Yard ” will open 
its gates to liim. The usual method of selection 
is to appoint a smart young uniform officer on 
probation for awhile as a plain-clothes patrol. 
If he makes good use of this opportunity h(‘ is 
eventually transferred to the detective branch. 

Pay, Allowances, and Pension. The 
various ranks of the Metropolitan Police are paid 
on the folloAving scale, with increased allowances 
for special duty at the palaces and (‘Isewhere. 
Whether calculated on the weekly or yearly pay, 
tho increment is in every ease an annual one. 

(kmstables, 2r)S. bd., by Is. a week to 33s. Od. 
a w'eek. 

Sergeants, 3()S., by Is. to 42s. a we(‘k. 

Sergeants (detective) in three classes, £2 Os. bd., 
by Is. and 2s. a week to £3 Os. Sd. 

Station s''rgeants and clerk st'rgeants, £2 7s. bd., 
by Is. to £2 10s. bd. 

Inspectors (divisional), £2 I Os., by 2s. to £3 7s. 

Inspcictoi's (sub-divisional), £3 13s. bd. a w^eck. 

lnspc<*tors (chief), £4 7s. 

Inspectors (detective) in two classes, £3 1.3s., 
by 2s. and Is. to £0 13s. 

Chief inspectors (detective), £b Is., by 4s. 
to £7 1 s. a week. 

Supcrintend(‘nts, £320 a year, by £20 to £420 
(six receiving £25 a year good service allowance, 
and one £50). 

C.I.D. and other officers employed in plain 
clothes, are allowed from £10 to £18 5s. a year 
in lieu of uniform ; and. as uniform boots are no 
longer issued, inspectors receive instead 8Jd a 
wa'ek, and sergeants and constables, bd. Officers 
of the last two grades, who are not accommo- 
dated in the police-station quarters, are entitled 
to an allowance “ in aid of rent,” which varies 
from Is. Od. to 4s. a week, according to the 
district in which they reside. Smart, well- 
conducted men are eligible for employment in 
the Houses of Parliament, museums, and Govern- 
ment offices, at an extra Js. a day ; and for 
sp3cial ‘‘ reserve pay ” of -Is. w'cekly for 
inspectors, 38. for sergeants, and Is. M. for 
constables. 

The scale of pensions for the Metropolitan 
force is a very lil)eral one ; indeed, it is the 
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miximum permitted by statute. Apart from 
special rates for officers injured on duty, thos.* 
who are invalided aftt?r 15 years’ service, or more, 
receive proportionate life pensions. Further, 
the ordinary rates permit of retirement at will, 
after 25 years’ service, upon full pay, or 

after 2b years at the maximum rate of two- thirds 
of such pay. Thus, a constable entering the 
force at the agi‘ of 21, and ix^aeliing the grade of 
chief inspector, for example, is entitled to retire 
at the age of 4b on a life pension of over £135, 
or at 47 on £150 a year. 

City of London Police. This fine body, 
the admiration of all visitors to the heart 
of the capital, numbers a thousand men in all. 
’file conditions of recruitment arc practically 
identi<*al with those of the Metropolitan Police, 
save that tlie standard of stature is 1 in. higlu'r, 
tlie «age of admission is lowered to 20 years, and 
a chest measurement of 3b in. on deflation is 
essential. 3’he hours of duty are the same ; but 
the City, thronged by day, and well-lit and 
orderly hy night, is a pleasanter patrol-ground 
than most districts in the Greater London 
area. 

Salaries average higher for subordinate ranks 
than in the Metropolitan force. Uniform con- 
Hta!)les, commemeung at 27s., rise in six years to 
40s. a week, and are eligible, after 15 years’ 
service*, for the ” merit class,” receiving 42s. bd., 
whilst detective constables receive from 37s. to 
45s. Tliere*. is, however, no remt-aid allowance. 
For sergeants in either branch, the maximum is 
£2 12s. a wx‘e‘k. Higher posts are remiunerate'd 
at about t]>e; same rate as outside the City ; but 
the* work of the detective staff is relatively less 
important, and its inspectors arc* restricted to 
£3 I Os. a week, whereas chief inspectors of the 
uniform branch attain 30s. more. The (.3ty 
pension scheme pc'rmits of retirement after 25 
years’ service on thrc*o-bfth3 of full pay ; but to 
attain twx)-thirds, it is necessary to serve for 
28 years. 

County and Borough Constabulary. 

The conditions of entrance into the numerous 
local forcc-s comprised under these twx) divisions 
vaiy a good deal, particularly on the score of 
age. Some chief constables accept recruits as 
young as 11) years, and will not c*nlist them after 
the age* of 25. In Scotland, under a general 
restriction, police recruits over 25 years of age 
are not accepted. A good many fix 30 as tho 
maximum, but the average limits are 21 
lo 2b or 27, with occasional extensions in 
favour of ex- Army men — who arc generally in 
re(|uest for police duty. Candidates who con- 
template joining a constabulary force should 
apply to the local Chii^f (’onstablc for the regula- 
tions of entry. 

Many borough, and even county forces, are 
almost as small as Namgay Doola’s army. 
Several of the former can muster a bare dozen 
officers for full parades ; Louth, Tiverton, 
Clitheroe, and others— unless they have lately 
added to their numbers — are below even that 
modest figure, and (according to an eminent 
authority on the police service) have not a solitary 
inspector among them all. Of county forces, 
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Jutland’s is least, numbering 15 of all ranks ; 
and Lancashire heads the oounty list with nearly 
1,600 officers. This latter figure, however, is 
siupassed by Liverpool, which boasts the largest 
l)orough force in this country, and ont'- that 
merits special notice. 

The strength of the Liverpool Police Force, 
according to recent statistics, is 1,884 men (in- 
cluding iO superintendents and 69 inspt^ctors), 
ind comprises a river force, a police fire brigade, 
and a small mounted contingent. Excluding 
the Chief Constable and his deputy, the rates 
of pay are : 

(Constables, 25s. to 33s. a week. 

Sergeants, 36s. to 42s. a week. 

Inspectors, £115 to £165 yearly. 

(^hief Inspectors, £165 to £215. 

Superintendents, £240 to £420. 

(.'hief Olerk (a police olli(*er), £450 y(‘aily. 

The pension scheme is on the same libt‘ral 
footing as in the Metropolitan force, and there 
is a “ merit class for sergeants and constables, 
eariying extra pay. 

The Transfer Clause. In county forces, 
and those of the smaller boroughs, the general 
level of salaries is somewhat smaller than at 
Liverpool. (Jonstables’ pay sometimes starts at 
as little as a guinea a w(*ek. and for higher grades 
the average rates are ap|)roximately as follows : 
Sergeants, 32s. to 37s. a week ; inspectors, £100 
to £130 a year ; and superintendents, between 
£140 and £220. Further, many minor ])olice 
forces, owing to the scarcity of higher positions, 
offer practically no jMOspccts of promotion. 
Fortunately, however, there is a valuable pro- 
vision in the Police Act of 1890, which enables an 
ambitious officer who finds himself so unfortu- 
nately placed, to transfer, under certain con- 
ditions, to a more promising forc<', without 
forf<?i1ing the service he has alrcfuly rendert^l 
towards a pension. Uruh'r section 4, clause 4, 
of that Act, an ofticer’s api)rovcd service of 
not less than three years in any police force in 
tlie Kingdom, shall be reckoned as service, 
in any other such force to which, with the 
written eonsent of his chief officer, he may 
remove.” 

The Chief Constable. The premier 
position of ehief or head constable, in a county 
or borough force of any magnitude, is a valuable 
one, commanding an income of from £400 to 
£600 a year, and often considerably mor<». At 
Birmingham, Sheffield, and the West Hiding the 
salary is £800, at Mancho.ster £1,(X)0, and at 
Liverpool £1,400 a year. ThcHc posts are rarely 
tilled by direct promotion. Some are held by 
able officers from the Metropolitan force, and 
others by retired officers of the Army and Navy, 
and ex-inspectors of the Royal Irisli C-onstabii- 
lary. 

With regard to pensions, the majority of police 
authorities have adopted the maximum scale 
which, os already explained, prevails in the 
Metropolitan force. A number of them, how- 
ever, instead of sanctioning voluntary retirement 
after 26 or 26 years’ service irrespective of age, 
i*»‘qiiire officers to remain in the ranks \intil 
1 I at 


they are" 5t> or 55 years old, unless invnlide<l 
c*arlier. 

In Scotland, 34 years’ service is requisite to 
.secure the full pension of tw’o-t birds of pay 
J..i8ts of the pay and i>ension scales of the many 
county and Iwrough forces, with mueh othei 
useful information, will he found in Mr. 
Stanley Savill’s unique work on “ The Polieo 
Service,*’ published at tiff, (treat Stro(‘t, 

Irish Police Forces. In lieu of a multi- 
plieity of small forces, Ireland has two 
im])i>rtant ones — the Dublin Met ropolitan Police* 
in the capital, and the Royal Irish Constabulary 
throughout the country. The former, seme 
1,.300 strong, is based on the model of its r./<a)don 
nanicwike, but with eertaiu dilTercaiccs. C’oridi- 
dal<*s must Ik*. IxIwei'U 20 and 26 years of agi*. of 
“ a reasonahh* d(*gree of edueation," and with 
some know'lodge of grammar and arithm<‘tie. 
Each must also pre.seut k^stinumials from a 
magistrate* f)r clergyman, and must own £1 lor 
necessaries on joining. The pay of constables 
rises from 2.3s. to .30s. a week, that of a sergeant 
from 34s. to 38s., of an insjK*ctor from £120 to 
£160 \\0T annum, and a su|xaiuteiideni from 
£250 to £320. All the u])iK'r grade's are fill(*d l)V 
promotion from the ranks. 

Royal Irish Constabulary. This notable 
body is practically a civil army of 10,500 offierrs 
and men. R.I.F. tr 00 ])s are housed inbarrat^ks, 
and trained to tht* use of arms ; tlmir drill 
and duties are semi-military at least, and their 
officers — }us in the Army — are drawn from a 
class quite di.stinct from that of the rank and file. 

Constables. (Wididatos foi* tliis serviei* 
must be lx* tween Iff and 27 y cal's of age, of good 
health and character, and unmarriecl. The 
minimum heig)it> is 5 ft. ff in., and the (^hest 
development must bo .36 in. at least. Sons of 
memlH'rs or of pensioners of the forcaj arc* 
admitted at 18 years if tlay an* w'(*ll-built and 
stand 5 ft. 8 in. or inon*. Before admission, all 
eandifhites are examined in leading, writing, 
and tin* first four simple rules of aritlimetie. 

In addition to banaek-room accommodation 
and rations on the military scab*, the pay of 
recruits is £39 a yi*ar. On completion of six 
months’ service this becomes £54 l‘2s., witli 
allow'auc(‘S, and aftorw'ards rises by increments 
of £2 Pis. ev^(Ty three years (approximately) 
to £70 4s., the maximum ])ay for constables. 
Sergeants I'cccive from £75 8s. to £80 12s., and 
head constabl(‘s from £91 to £104 a year. 
ProsjX'cts of promotion beyond this grade are 
very scanty. A pension of three-fifths jiay may 
lx> claimed ixHur 25 y(*ars’ service. 

Officers. Cadetships in the R.l.C. an* 
awarded — usually to the number of eight or ten 
each year — on th<^ result of com jx^tit ions limitcKl 
to candidates who have been nominated by the 
Tx)rd- Lieutenant of Ireland. A minimum height 
of 5 ft. 8 in. is essential, as well as good sight 
and hearing, and a sound constitution. Details 
of the ‘exammation are giv('n in the seheduU^ 
on next page. 
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ROYAL IRISH CONSTABULARY CADET COMPETITIONS 

Examining Body, 
Time and Place of 
Examination. 

Subjects of Examination. 

Fee and 

Age Limits. 

(I\1L SKRVICK COM- 
.MISSION. 

As OMiuin'd : 
I'niially once carh 
year. 

Hi HLIN. 

Kxolish SrR.TKCTS : Arithmetic. Spelllnu, Handwriting. English 
Composlfion and CorreHjMmdence, (teograjihy (especially 
British Jsles), ami Britisli History (including Oonstitu- | 
tional). 

Digest of Jl(‘turns into Summaries. 

PrCMds. ' 

Latin or Frem-li. 

Principles of Law. i 

Law of Evidence. 

ileading aloud (print and MS.L i 

£2. 

21 to 26 y?arg. 

(10 to 26 for song of 
Constabiilary oflicers : 

21 to 28 for oflicers 
of Army, Navy, or 
Police in certain 
instances.) 


I Notk. There is an oral examination in French. All candidates 
must be nominated by Lord-Lieutenant of Jrelaiid. 



riioit* aro also special eom|)etition.s liniitetl fo 
tlie sons of constabulary ofticei's. 

A Huccessful candidate, while undergoing his 
cadet’s course of instruction, must be provided 
with a small allowance to supplement his ])ay : 
and on being appointed third-class inspector, the 
cost of his outfit, which varies between £40 ami 
£00, must also be defrayed. 

The salaries of the Koynl Irish Constabulary 
ofKec'rs are as follow : 

1 )istriet insj)ectorH (Ilrd class). £12o ; (2nd class), 
£105 to £180; (1st class), £225 to £300. 

t bounty inspe(dors, £350 to £450. 

Town inspector, £000 ; and a few higher posts. 

Advancement to the second class is generjdly 
speedy. In each grade a. certain nujnlx*r of 
oflicers I'eeeivc good-servi(^e pay. 

Thediitiesof the Royal Trisli (\)nstabulary hav(i 
included in tlie past a great deal of distressing 
and distasteful w'ork, but now' that agrarian 
outrages on the one hand, and evictions on the 
oth(*r, are virtually unknown, the conditions of 
tlu' service are greatly improved. It is plain 
that its monetary prospects -whether from the 
view ])()int of the officers or their men — are not 
strikingly brilliant. Nevertheless, the outdoor 
lift*, ami the soldierly eliaraeter of the force, have 
always attracted a considerable numlx*r of 
apfilicants for posts in each grade. 

Having completed our review of the police 
services, we may here add a brief referenct^ to 
legal posts under the municipal authorities, 
other than the towm-clerkships disiussed on 
|mge 089. 

Solicitors to Local Authorities. 

“ 'riie legal branch of the corporation will always 
offer good positions for men of brains, good 
address, and administrative capaeity,” writes a 
leading mnnicipal officer of wide experience. Sneh 
posts, indeed, are ofbm very valuable. 41ie soli- 
citor to the ICity of London receives £2,500 a 
year, and his legal colkjague, the comptroller, 
£500 less. The remuneration of the solicitor 
and deputy clerk to the London County Council, 
who was formerly its parliamentary agent, 
commences at £1,200, And rises to £1,500 a 
year. In the metropolitan boroughs and larger 


towns the appointment of solicitor to th(> 
council is of an av(‘rage value of at least £750 a 
year, and often reaches nearly twice that figure, 
without restriction as to private business. 
'Pbeso latter positions, how(*ver, an^ jealously 
retained, for the most part, by solicitors of 
establisluxl praetiet* and of tamsiderable local 
inhuenee, and are th(‘refore attainable only by 
partnership or sueeession. Kasier of access for 
the young lawyer without intiuenei* is the post 
of assistant s()li(;ik)r und(‘r a leading authority, 
such as is occasionally adv(‘rtised in the munica- 
pal press. These positions are, often of con- 
siderable value, thuler the great London 
roui *ils they are remunerabxl with £1,000 a 
year, wffiilst MamOiestta* pays £450 and New- 
castle £400. Further, they involve (as w'Ci saw' 
in the ease of the appointment under the Brad- 
ford (Corporation already rpioted in the Towui 
Clerk’s section) a useful variety of duties, on 
the strength of which a good many assistant 
solicitors obtain lucrative town-ekukships. 

Other Legal Posts. Omitting High Court 
and police-court appointments, which belong 
to the National S(*etion, there remain a host 
of other iiiunicij>al offices available only to a 
solicitor or to “ counsel learned in the law'.” 
'riu^y range through thoi whole gamut of dignities, 
from the Recorder of London, with his knight- 
hood and £4,000 a year, down to the clerk of 
indictments on a judge’s circuit, earning as 
many hundreds. I'he intermediate grades are 
occupied by county court judges (£1,500 to 
£2,500), registrais (about £800 to £1,0()0), and 
minor clerks of the peace, etc., at all salaries. 
But such posts as these are in their nature legal 
rather than municipal ; they are available only 
to lawyers of standing, and, moreover, are 
seldom (if ever) definitely pursued by aspirants 
from the outset of their professional life. They 
are dependent on the myriad uncertainties of a 
k^gal career —on the practitioner's reputation in 
Ids profession, his local opportunities, peculiar 
gifts or influential friendships, and much else 
which might fitly be includecl in a compendious 
guide to the law', but which would be out of place 
in a Civil vServico course. 


Continued 
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PRACTICAL GEOMETRY 

Group 8 

DRAWING 

Reducing: and Enlarging Figures, Miscellaneous Plane Curves. 

10 

Describing an Ellipse, Parabola, Hyperbola, and Cycloidal Curves 

CrtiiUnucd from 


ixige 1*JV> 


By WILLIAM R. COPE 


Reducing and Enlarging Figures. 

373 [p. 1255]. To Reduce a Given T RUEOur.AR 
Ficurk ABODEFO lo a Similar One uhosb: 
Sides shall be, say, Three-Fifths of those 
OF THE Given Fichtre. Divido the figure into 
triangles by the lines BD^ BK, BF, and BO, 
drawn from B, one of the cornel's. From />*, 
along B(.', set off Bt% equal to tliree-fiftlia of BO, 
and through c draw rd parallel to 67>, cutting 
HI) in d. Complete the figure aUrdefu by a 
series of parallels, as shown. 

Note. Complicated figures may he reduced or 
enlarged b}^ the use of squares, as explained in 
problem 116. 

374 fp. 1 255]. To Find the Area of a Figure 
Hounded by Three Rkctangi’lar Lines and 
an \n K EG 1 1 LAR Cl ^RVED Li N K, A s A BC D. Draw 
a straight lino AD through the curve, so that 
AD becomes a give-and-take line — that is, so 
that it cuts oft* as much as it adds to the figure*. 
Tiien draw AK parallel to BC, cutting CD in F. 
The area of .^1 BCD is then equal to (/I B BC) l 


375 [p. 1255|. To Find the Acproximate 
Area in Ac res of v Field Represented by an 
Thregul.^r Curved Line, as Shown. 'Phe area 
could bo found by the method used in the 
piM'ceding jiroblem [374] ; but surveyors often 
use a iiKfthod of setting out a series of parallel 
lines (on the plan of the field) a certain distanc** 
apart, according to scale. If the scale is 3 
chains to 1 in., then the distance apart of 

the parallels - - IJ in. (The num- 

erator 10 is taken because there are 10 square 
chains in an acre. ) The parallels arc thus drawn 
1 J in. apart . Perpendiculars are drawn tit t lu* 
ends in a give-and-take way. Then every huh 
in length of the strips, which an* 1?, in. wid«‘. 
represents an acre. 

Miscellaneous Plane Curves, 'fiiere 
are curves which cannot be drawn by flu* 
ordinary compasses, therefore a numl)er of 
points are found first, and the curve is tlieii 
drawn freehand or with the aid of French 
curves, through these points. 

When a right cone is intersected by planes in 
various directions, tho intersections give what 
aro known as the conic sections. They art\ as in 
376, the circle, when tho piano is jwrpendiciilar 
to tho axis, or parallel to the base of the cone ; 
the eUi'jpse, when the plane is inclined, and pass^^s 
through opposite sides of tho cone ; the para- 
lK>laf when the plane is parallel to the generator 
CD [376] of the cone ; the hyperbola^ when the 
plane is so inelinetl that its angle with tho 


axis AB is less than that nia<Ic w'ith tlie 
generator [376]. 

The cone is supposed to Imj generated thus ; 
AB is a fixed a. vis, and CD, the generator, is a 
straight line intersecting AB at F, the vertex. 
CD is then revolved around AB, at a constant 
angle with / 1 /i, thus generating tho surface of 
a right circular cone |376J. 

The Kllipse. x\n ellipse has two foci. Fund 
I in 377, and two directrices, FO and HJ. nie 
lino AB is calleil tho transverse or major axM, 
and CD the con jugate or minor axis ; these axes 
are perpendicular to each other. A line ilrawri 
through tho centre 0 and terminated both ends 
hy tho curve of tho ellipse is a diameter, ha KL 
Any straight lim* ))erpendieular to tlu^ major 
axis is ealliNl an (trdinaie, as 7nn, and 7np is a 
doufdc. ordinate. A tangent Ls a Hiul as MJ^, 
which touches the curve in one point, and a 
nonnul is a ])erpendieiilar, as FQ, to a tangent, 
at the point of contact. It should l)c remembered 
that if any point in the curve of the olli[)so Iw 
joined to the fo(*i by two straight lines, such as 
Ff' and Cj, or FL and Lf, liaise two lines ar(< 
togetJier equal lo tin* major axi.s AB. 

377. To Descjhibk an Ellij'.me, the Major 
(.I/ i) and Minor (CD) Axes being Given. 
First Method, by Means of a Piece tiF 
Thread. Place the two axes so that tliey ar^^ 
jKTfK'nrlicnlar to and bisect- each other at (). 
With radius AO (half the major axis), and centres 
C, deserilH*. an arc cutting .l/f in F and /, which 
are the foiri. Place three {)ins, oiU! at each of 
the ])oints F, C, and /, and tic a piece of thread 
round F, hd it pass jound C, and tic again 
round /. Remove (he pin at (h and replace it 
with a pencil. Move the point of the pencil 
niund, keeping the thread taut all the time, and 
the curve thus desciibed is the ellipse. 

378. 'Fiie S\mk. S'conD .Method, nv 
Intersecting Arcs. Plac the axes and 
find the foci as befon*. In FO take any number 
of ))oirits ns 1 , 2 , 3. (It is better to make the 
distances 1 2, 2 3, 3 O, unequal, w ith the smallest 
division next to F, as shown.) Witli radius 
.'ll and centres F and /, descrilx* four ares at 
e. With B\ as radius and the sarn* centres, 
intersect these arcs at <. With radius >12 and 
tlie same centres, describe four arcs at g, and w'ith 
radius and the same centres, intc rsiret th<«c 
ares at g. With radius Ali and centres A’and /, 
deacu’ibefour ares at A, and wuth radius />’3 int( 3 r- 
sect tliem at h. Draw' the ellipse through the 
points e, < 7 , A, A, D, B, and (\ 

379. The Same. Third Method, by Intbr- 
SKOTINO Lines. Place tho axes as Ixdoro, and 
through their i^xtremities dra w parallels to the 
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axes, making a rectangle EFOH. Divide AE 
into any number of equal parts (say four), 
and join each of these points with C. Divide 
AO into the same number of equal parts, and 
from D draw linos through 1, 2, 3, and 4, to 
intersect tliost^ from C. Through the res})ective 
points of intersection draw the curve AC. 
Proceed in the same manner, as shown, with the 
other throe quarters of the ellipse. 

380. The Same. Fovkth Method, hy Means 
OF A Straiojit Edge, or Paper Trammel. 
Place the axes as before. 3’ake a piece of paper, 
or long flat ruler if the (41 ipse bo large, and 
make KF equal to AO. and EC equal to CO. 
Place it — the trammel — so that F is on the minor 
axis, and O on the major axis. E is tlien a 
point on the curve. Any number of points 
may thus be found, being careful always to 
keep F on the minor and O on the major axis. 
Draw tho ellipse through the points thus 
obtained. 

381. To Describe ax Ellipse Passing 
Through any Three Points A. B. C. not 
IN -THE Same Sthakhit Line. Join A and B 
and bisect in O. Join CO, and produce, making 
OD equal to C(). Draw paralkds to AB througli 
C and /), and to i'O tlirough A and B, Ihus 
forming a paralhdogram. Procc(*d as in 
problem 379. 

382. To Find the Centre, Axes, and Foci 
of a CiVEN Ellipse. Draw^ any two parallel 
chords EF and GIF and bisect them in J and K. 
A lino through J and K. and terminati'd hy tho 
curve, is a diameter. Bisect it in O. With O 
as centre, and any conveniiMit radius, describe 
an arc cutting the ellipse in L. M, and .V. 
Join L and J/, and .17 and y. Through O 
draw' parallels AB and (^D to and J/,V 
respectively. AB and CD are tho axc‘s. The 
foci I F and /J aiv found as in 377. 

383. To Draw 'Tanmjent and a Normal 
TO AN Ki.lipsi-: from a (Jiven Point E in the 
(' uRVE. Find the axes and foci as in 382. 
Join tho foci [with E and product* FE and fE. 
Bisect the angle FEGhyiho line //J, which is the 
tangent. For the normal, draw a pev])ej\dicular, 
KE, to the tangent. Dr, bis(*ct the angle DF/y 
by the line KE which is tho normal. 

The Parabola. This curve is the locus 
of a point which moves so that its distam^c from 
the focus [F, in 384J always etpials its distance 
from the lixed line called the directrix, Dl). 
Thus Fa - oL, or Fr - cM. In 384, .17? is the 
a.risy a line drawn through the focus F, per- 
pendicular to the directrix l)J). and meeting the 
curve in the point C, which is tlie vertex. a\. 
c2f etc., an* ordinates ; aa\ rc\ etc., are double, 
ordinates ; and hi/ (through the focus) is the 
loins rectum. X part of the axis between the 
ordinate of a point and the vertex of tlie curve 
is the abscissa — e.y., 3F is the abscissa of tho 
point d. 

384. To Draw a Pak.uiola, the Focus F 
AND the Directrix DD being Given. Through 
F draw the axis AB jKirpendicular to DD. 
Bisect .4F in which is the vertex of the 
curve. Take any points 1, F, 2, 3, 4, etc., and 
through them draw' the ordinates. With F as 
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centre and radius .41 cut the ordinate in a and 
a'. With radius AF, and again the focus as 
centre, cut the ordinate through F in b and b\ 
With F as centre again, and radius A2, cut the 
ordinate through 2 in c and c'. Proceed in th(* 
same manner with any other points. Draw the 
parabolic curve through the points. 

384a. To Draw a Tangent and a Norma f. 
FROM A Given Point P in the Curve. Join P 
with the focus F [s(‘e 384], and draw PE 
parallel to A 7?. Bisect the angle EPF hy HO. 
which is the tangent. J*J a perpendicular to 
HO is the normal. 

385. To Draw a Parabola, when ihe Axis 
AT? AND AN Ordinate BC are Given. Pro- 
duce ('B to D and make BD equal to OB. 
Const met the roctangle CDFE. Divide’ AF 
and EC into the same number of eipial parts 
(say throe). Join A to I ana 2 in EC. From 1 
and 2 in AE draw' ])arallels to .47? intersecting 
the other lines. Through the points of intersec- 
tion draw the curve CA. Kop(‘at the method 
for tho otluM* part (.>f the curve, as shown. 

The Hyperbola. 'rhis curve is the 
locus of a point w hich moves so that its distanci* 
from the focus hears a constant ratio (grcat(‘r 
than unicy) to its distance from the directrix. 

386. To Draw the Hyferb()i.a, when the 
ALx.ior Axis AT? and the Foc i F and / are 
Given. In AT? luoduccd, and beyond F, take 
any number of points, 1, 2, 3, etc. (It is better 
gradually to increase the distance b(*tw^een tlu? 
points, as shown.) With cciitn's F and / and 
radius A I desn ihe arcs at a. h, c. and d. From 
the same centres, with radius B]. intersect the 
other arcs at a. h. c. and d. With centres F and 
/ and radius A 2 dcscrila* arcs at e. f. g, and 
//, and intersect them with radius 7?2 from the 
same centres. Froc(.'cd like wise with the radii 
A3 and /?3. Draw* the* eairve through the 
points of inters(‘ction. 

387. To Describe the Hyperbola, havin(j 
Given the Focus F. the DniKeTRix DD. and 
THE Vertex V . .\nd at a Point, 7^ in the 
Curve to Draw a Normal and a Tangent. 
Join FI' and produce both ways. Dituv Fr 
perpendicular to CB and equal to FF. Draw' 
Ca and produce*. On FT? take any points L. 
.1/, F. O, etc., and through them elraw the 
double ordinates perpendicular to VB. rnoeHing 
Co in 1,2,/, 3, etc. With centre F and radius 
7>1 cut the double ordinate through L in a, a '. 
With same centre and radius 1/2 cut the double 
ordinate through .17 in 6, I/. Proceed similarlv 
for the other points /, /', c, c', J, d'. Througn 
these points draw the curve. 

For the tangent, join F with the point P. 
Draw FE perpendicular to FF, and intersecting 
the directrix in E. Draw' A7^ the required 
tangent. Tlie normal is PG, perpendicular to 
the tangent. 

388. To Draw the Hyperbola, having 
Given .4 C, half the Major Axis, GH, a Doubi.e 
Ordinate, and C’D, the Abscissa of the 
PoiNi’ G OR H. Draw' tho rectangle GHJK 
about CD and GH. Divide OD, HD, HJ, and 
GK into any number (say three) of equal parts, 
and number the parts as shown. From A draw 
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lines to the points on GHy and from C lines to 
the points on GK and HJ. The interseetiona of 
61 with Ai give the points a and a\ and the 
other res|)ective intersections give the other 
points 6, b\ through which the curve is drawn. 

Cycloidal Curves. A cycUnd is the 
locus of a point on the circumference of a circle, 
which 1 ‘olls along a straight line, and ahvays 
revolves in the same plane. 

The tpicydoid is the locus of a j)oint on the 
circiimferenec of a circle, whicli rolls along the 
niUaide of another circle, both circles remaining 
in the same plane. 

When the circle rolls along the inaidn of 
another circle, both keeping in the same plane, 
the curve traced by tlie point is called the 
hyporyrloid. 

The moving circle is the generating circle ; 
the lino upon which it rolls is the director ; 
and tlie point tracing the curve is the generator. 

389. To l)u\w TiiK Cyc loid of tub Point 
P IN TllK (;IeNKRAT 1NO ClUCLE PHM, WHICH 
Rolls Along the Director PD. Divide the 
circumference into any number of equal parts 
(say 12). Through the divisions draw parallels 
to PI)y and make tlic one through C (the centre 
of the circle) equal to tlu^ circumference of 
the oirch'. Divide this parallel into 12 equal 
])arts. With 1 as c<mtre and radius f’P, cut 
the parallel through F in N. With same 
radius and centre 2 cut the parallel through 
// in O. Repeat the method with 3, 4, 5, 0, 
etc., as centres. Draw the cycloid through the 
points Py Ny Oy Ty (de. 

Note. If the point (generator) is not in 
the eircumforenc<^ of the circle, the locus is 
t(‘rnicd a IrochokU and is found in the same 
manner as the cycloid. 

390. To Draw the Ei’Icyclot n, the Director 
ADB AND the Genekatin(; Ciikle, the 
Point P being Given. Divide the circum- 
ference into any number of equal parts (say 12). 
Join Ly the centre of the director arc ADBy 
with Dy the point whei’o the director toiiclies the 
generating circle, and produce to P. DP is the 
(liameter of the generating circle. Measure 
the arc DA ecjual to half the circumference of 
the generating circle ; this is best done as 
follows : The angle DLA hears the same ratio 
to 180” as the radius of the generating circle 
does to the radius of the director. Thus, if 
DC 2, and LD — 5, the angle DLA : 180”: : 
2:5-~Le., rA)LA - 360”,orDZu4 -72”. Draw 
LA making 72” with LD and produce. With 
centre L describe an arc through C. This are 
is the path of the centre of the circle when 
rolling, and 6' is the position of the centre when 
P reaches A. Divide 6-6' into six equal parts, 
I', 2', 3', etc. With centre L describe arcs 
from 1, 2, 3, etc. From centre 1' with radius 
t.'D cut the arc from 1 in E. From centre 2' 
and same radius cut the arc from 2 in F. Pro- 
ceed similarly for the other points 6", 7/, and J, 
and also for the other half of the curve, which 
is to be drawn through the points A, J, H, O, 
Fy Ey etc. 

391. To Draw the Hypocycloid when the 
Director ADB and the Generating Circle 


Dp ARE Given. Proceed exactly as in the 
preceding problem. Draw the half curve Ap 
through the points e, /, gy A, y, and A. 

Miscellaneous Spirals. The mvohUe 
of a circle is the locus of the extremity of a 
perfectly flexible thread unwound from a 
circle and kept constantly taut. 

392. To Draw the Involute of a Circle. 

Divide the (circle into any number of equal 
parts (say eight). At the extremity of each 
radius draw a tangent to the circle, and make the 
one BF from B equal to half the circumference 
of the circle. Divide BF into four equal parts. 
Make 16’ //I, 2D - /?2, and 3A: - R3. Draw 

the curve through the points Py 6*, Dy Ey etc. 

393. To Draw an Archimedean Spiral, 
THE Longest Radius, OA , and the Number 
(say Two) OP rONVOfAITIONS BEING GiVEN. 
Describe a circle with radius OA. Divide OA 
into as many eipial parts as convolutions 
required (two). Divide the circle into any 
number of eipial parts (say six), and draw the 
radii, OBy ()(\ vtv. Divide Aa into the same 
number of (Mpinl parts (six). Make Oh - Go, 
Oc 04y Od - ohy oti‘. Draw the first con- 
volution tJirough the points .1, A, c, d, c, /, a. 
The second convolution is parallel to tlie first. 

394. To Draw the Ionic Volute, the 
(Uthktu.s, oh Greatest R adius, A By being 
(J iVEN. (Goldman's Method.) Divide AB 
into nine equal parts. With centric A and 
radius equal to one eijiial part describe the 
(urele for the eye CD. Bisect A(.> and AD in 

I and 4, and construct the square 1234. (See 
smaller hgiire.J .loin .42 and .13, and trisect 
.42 and .43 with great care. Through the 
points of triseetion (5, 7, 10, 11, draw lines to 
obtain the smaller squares, 5 0 7 8 and 9 10 

II 12. With centre 1 and radius Mi describe 
the first (puidrant to meet I 2 produced in 
F. Witli centre 2 and radius 2F describe the 
second quadrant, to meet 2 3 produced in 0. 
JTocecd in like manner for tJie other quadrants, 
lieing careful to take the centres successively 
as figured. An enlarged drawing of the con- 
struetion is given. 

The inner curve is obtained thus : Make 
cl) - CBy and the perpendicular 61 — ^1. 
Join c. and 1. Make he — BE, and at e draw 
the perpendicular ef. From A (above and 
below), sot off Ag and Ah each equal to ef, 
and construct the dotted square. Trisect as 
before for the smaller dotted squares, the 
corners of whi(4i arc the cent res for each quadrant 
of the inner curve. 

395. To Draw a Spiral Scroll by means 
OF Semicircular Arcs, having Given the 
Greatest Diameter AB and the Number 
OF Convolutions (say Three), Divide .4 R 
into six equal parks in 1,2, 3, 4, and 5. Bisect 
3 4 in C. With centre C and radius CS or C4 
descrilie a semicircle. With centre 3 and 
radius 2 3 make another semicircle. Then with 
C and 3 as centres alternately, and radii C% 
Cl, ahd 3 1, 3.4, respectively and alternately, 
describe the rcmaining semicircles 

Continued 
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find it a great help to get a second person fre- 
quently to toss up the forearm of the player just 
at the wrist. The tips of the fingers w’ould 
remain resting on the keys, to make sure that 
the hand was still left hanging free from the fore- 
arm, and had not locked itself— like the locking 
of the front wheel of a bicycle — into the condition 
prohibited, as in 6. If this assistance is not 
available, the studcmt should, just as a pre- 
paratory experiment, toss up the arm with the 
free hand. 

Silent Keyboard Practice. And now, 
with the limp hand supported by tln^ fingers 
ic'sting on the ivory ends of the see saws (but 
still not/ depressing them), the forearm, at the 
wrist-joint, should be swung gently iif) and down 
(without any help from the oth(‘r liand), care 
lieing taken that the genth' nesting weight on the 
keys, borne up from the tips of the fingers to the 
knuckles, is still felt. This hearing-up sensation 
in finger action is one that we must never, in 
all our playing experitmee, forget. 

Matthay says : “ The s(*nsation a<;eompanyiiig 
all connect touch is that of work done upwards. 
'In walking, standing, or running, you have a 
similar elT(‘(d. It is true that your feet press 
upon the ground, but the ex(‘rtion is upwards. 
And the moment you feel, at the piano, as if you 
were acting dowm wards, you may b(‘ sure you 
are employing the wrong exertions.” 

I'he second important maxim to rennuii- 
Ijered is that the hand hangs loosdy from tlu' 
forearm, but it and the fingers may hear upwards 
by reaction from the keys. 

The Key as Extension of the Finger. 

Matthay says : “ The key is but a machine- 
lever, handle, or tool, to enable us to create 
8p('.ed in the string — an intimate t‘longalion of 
our hotly.” 

We have, so far, likened the key to a see saw. 
Ltit us now use additional similes, and liken it to, 
say, a tennis racket, a cricket bat, or a golf club. 
Like these, it is a prolongation of the hand, a 
tool w^ith which we hit the hammers against the 
strings, ” to create speed in them,” and so, in 
learning how^ to rest on the keys, we have learnt 
how to take hold of our tool. We must learn 
to move the key ; and here, at the outset, it is 
evident that we must never hit our tool, but must 
rather take hold of it, and hit with it. “ Wc 
must never aim at the key, })ut always with it.” 

And now, before learning to move the key, 
let us recall our first maxim. 

Two-fold Use of the Key. The key 
has a two-fold function, thcndorc we have two 
separate and distinct things to do with it. We 
must (1) move it swiftly dowTiwardvS to produce 
tone (hammer function). As soon as we hear the 
beginning of the sound the key’s hammer-work 
is done. Then, if wo wish (2) to prolong the 
tone, we must continue to lean gently (rest) on 
our depressed end of key, that its other end may 
continue to press up the stem of the damper, and 
so keep its felt-lined wooden head { in. distant 
from the strings. It takes very little to hold the 
damper up, so for this purpose a ^ery light 
resting on our end of key sufl[ice.s 
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Since the key has tw'o functions, and it 
is best to learn one thing at a time, we shall 
try first with the finger how Ixjst to fulfil the 
hammer function of the key by keg-movement. 
And let us, before trying w^ith muscular activity 
and limb weight to move such a small thing as a 
piano key, try first an exjDerimeiit on a larger 
scale w ith, say, an open dooi\ The open door is 
the key, as at 2; our action in closing it is 
analogous to moving a key down. We have 
shut a door ever since our toddling c.hildhood, 
and learned to do it, therefore, in the days when 
we were kenm experimenters. We found it was 
of no use to shut it sliarply, but instead, leaning 
gently against it with the hand or body, in order 
to judg(‘ its inertia or power of resistance, we 
gently and persuasively moved il forward. Now 
let us try to think that all the keys are litth* 
iloors which we are shutting, and, with the hand 
resting on the keys, supported by the lingers, let 
the middle finger, say, push its key away, and 
the moment we hear the sound let the key 
rebound. Try this repeatedly w ith one or other 
of the fingers. If we havi* iis(‘d the finger in th(‘ 
easiest and most effective fashion against the 
key, we shall had as though the imiailse within 
the finger weax; an upward one - upward by 
reaction from the key and finger-tip to its hand- 
knuckle. “ Action and reaction are (‘(|uul and 
opposite ” ; therefore, what the finger-ti)) does 
to the key, its knuckle-end does eijually, in th«* 
ojiposite direction, to the haiul. 

Recapitulation. Let ustry this again--tlu^ 
hand hanging limp from arm, resting on finger- 
tips. The finger gently siippf)rting this loose 
weight rests on the key, and feels resistance of 
the key as we should feel resistance, of the door 



8. THE DAMI’EK 


A. Ivury key-iMul (ieprossed h. l)ainr<a- on string 

B. Da ini>«r off string c. String 

a. Ivory key up 

we wish to move ; then, pushing the key as 
we sliould push a door, sf^t a see-saw in motion 
or move forward a swing wa'th someone sitting 
in it, the feeling caused by this exertion of the 
tinger, will react upwairds against the hand. 
\We must cease this exertion the moment we 
hear the ” beginning of the sound.” The key 
will come up, the damper will go down, and the 
tone will cetise. When w^e hear the tone thus 
suddenly cease, we must not lift the hand off the 
keys, although ih(^ key is now up, but let the hand 
still rest on the fingers, and each finger on its too) 
(key), ready to move one or another at will. 
Tones produced thus will all be short-lived, 
staccato and detached [ 8 ]. 

Sustained Tones. To produce sustained 
tones wo must avail ourselves of the key’s second 
function, its damper control. To keep a key 
dowm is as easy as to move it dowm at its softest. 
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Many pianoforte students, ignorant of the dual 
nature of the key’s function, contimic to use as 
niuch force against the key to keep it down 
as they us('d to move it down for a forte. I’o 
sustain a toiu*, however loud, we lU'ed do no more 
lhan lightly rest on the depri'ssed key. The 
lingers must learn to kee}) the k(‘y down at their 
easiest. Try how gently we need rt‘st on the 
keys to keep them down. It is the same kind 
of resting we did wdien the key was ii]>, but 
alighthf heavier. 

Resting. Wi^ hav»" learnt now the two 
kinds of “ resting ”~the resting that is not heavy 
enough to move the keys, and the resting that i.s 
just heavy enough to keep them down. These 
“ resting.-^,” although lh(‘y occupy so much of tlu^ 
time of the pewformanee in a slow movement, are 
of the nature of waiting - waiting for the vivid 
movements of tone production — and an^ always 
(he same, or vary very slightly. But the olh(‘r 
thing we have to do to the key — the moving of 
it - must vary with every desir(‘d variation of 
tone. And tlui possible variations in this 
key -movement we shall now d(‘«d with. Tone.s 
may vary in («) pitch, {b) quality, and in (c) 
(piantity. Kor the pianist, the pitch of each note 
is fixed, but on his manner of using the key 
depends entirely tlu* loudness and quality of 
the tone, and these* eaii be atTe<*t(‘d by him only 
during the key-inovemenf. 

Tone-quantity, The pianist does not, 
like violinist or singer, make, tone eoritinuously -- 
lie makes tone in sjuirts and the instrument 
docs th(‘ rest. As everytliing depc'nds on these 
little spurts of exertion or impetus added to thc^ 
resting, they must be* accurately aimed. I’lio 
key may continue its movement a little Ix'yend 
the beginning of the sound, but must lU'ver 
be aimed past it. ’I''lie key must be aimed 
to hit the sound, not to hit the little “ buffer ’ 
pad beyond it. “ The grcatei- the speed of thci 
movement of key, liammei*, and string, the greater 
the tone-quantity produced hy them”; so if 
we want a loud tone w’e must g('t up speed in tlie 
key -movement. If we want pianissimo (the 
very softest tone), the key must move as slowffy 
as compatible with the production of sound. 

Touch Formation. Pianitimm can only 
be obtained by the use of “ weight touch,” 
and is got by moving the key with the same 
slightly lapsed weight of the whole arm which 
provides the “ resting ” at bottom of keys for 
ti.mio and legato. Try weighing down a 
common chord — say, E G — thus. And now 
realise that, in doing this, w^c use a tripU? 
“muscular combination" — i.e., finger exertion, 
hand exertion, and arm weight. All these three 
touch components may (1) be thus used together ; 
or (2) we may eliminate arm weight and use only 
finger and band ; or (3) wc may use finger 
exertion only “ with loosely lying hand and self- 
supported arm.” This last Mr. Matthay has 
christened first species of touch formation ; the 
second (finger and hand) he has termed second 
sj)ecies ; and the other (finger and hand exertion 
and arm weight combined) he calls third specie's. 
Upon a thorough understanding and a proper 
application of these tht'ee distinct species of 


loach formation greatly d(*[)ends .siuci'ss in piano- 
forte playing. 

Now% “ ppp " is evi(l(*ntly third species, foi- 
in it the key is moved down by Uie lapsed wx'ight 
of the arm Iev(*ied on to the keys hy the exertion 
of the fingers and Ijaiid. Weight and exertion 
alike are in this easc^ very slight. In produiing 
tone thus, wi* have fa-oduced it at its very softest. 
At the saiiKJ timi* tJjc l)igg('st tone? obtainable 
from the instrunumt is got by the same tripk* 
com bination —not., (I) arm weight levered on 
to t))e keys : (2) linger; and (3) hand exertion ; 
hut in this case the exertion and the weight arc* 
a I i ke proportionately g»‘<‘a ter. 

When we use only linger exeition with liajul 
weight (first sp('cics) wo can get great agility 
with little tom*. Wluai we us(* linger with 
hand exei tion behind it. and hold away tlie weight 
of the arm (second speih's), wi^ get less speed 
and mon* tont^ ; when wc use finger and hand 
exertion and more arm w<*ight than for “ 
we get large tone, hut still less speed. 

Thus, roughly, w'e hava* dealt with tone- 
quantity and sp(*ed across tlie keyboard. 

Tone-quality. Tin* w ay in w hieh key move- 
ment is .started greatly afteets the tone-cpiality. 
'riius a suddenly starte<l movement gives us 
a hard, brillioiit, cU*an-eut sound, whilst, a 
more gradually started movement yields a full 
sympathetic* tone. To lie artists avc want 
mastery of both qualities, and of all giadations 
of them. This masteiy dc‘peiuls larg(*ly on our 
capacity for easy muscular diKcrimination. 
We must learn to use tlu* dilTerent parts of our 
pianoforte limbs independently, or combine 
their actions and inactions at will, ft may 
lu*lpus hen* to t hink of our lingers as lit tle legs, 
and to itnagim* these miniature limbs running, 
walking, stepping up stairs, or running down 
hill, while tin’s loosely lying Imnd is tln^ body 
whi(di they must always carry. Ihc loose 
weight of tlu^ arm, on the other hand, is a hnr- 
den w Inch they may can y or not at will, a burd(‘ii 
that may he thrown off when tin* little legs 
want tf) run very fast f>r vi*ry lightly — nc., 
prestisfiiiao or leggieri.s.simo. Now' wt* must learn 
the trick of burdening and unburdening these 
little legs and bodies, letting in or lifting away 
the weight of the arm. As w e learnt alternately 
to support and relax tlu* hand, we must now 
k*arn to do so to the w hole arm. 

Arm Control Exercises. (1) Hang- 
ing limply from the shoulder, let the arm he 
tossed about by an (external ag(>tu‘y (our own free 
aim or that of a second pt*rHon) ; U;t it remain 
pel feet ly passive, thend'ore limp. 

(2) Now, resting tlu^ forc-arm horizontally on 
another arm, learn to distinguish these three 
possible different conditions : (a) actively press- 
ing the arm down on anotluu* (using the 
down mu.scloB of the arm), a condition never to 
be employed in our present stage in pianoforte 
playing, and later only very sliglitly at times— 
it would crush and lame and impede the move- 
ments of the nimble little runners ; (h) merely 
letting our arm be in contact witli the other, 
without really resting on it at all (using the 
up muscles of the arm)— this would lift the 
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burdea completelv off the little body and legs ; 
and (c) resting tlie whole limp weight of our 
arm on the other (completely relaxmg all the 
muscles of the arm), a very necessary condition 
at times, and on© that must be induced, during 
key-movemont, for really big tones of any kinrt. 

Ijot us woik at this till we perfectly realise 
the three sensations : (a) Pressing down, almost 
invariably bad ; (h) merely touching w'ithout 
real resting — necessary for agility passages ; 
(c) letting the loose w^eight of the arm rest 
— this to provide the little spurts in big 
tone key-movement (called third speciC/S of 
Touch formation). us experiment with 

other people. Children usually master thest* 
willed variations in muscular condition miieh 
more quickly than adults. Do not let us con- 
fuse the required passiv^e lieaviness of relaxed 
resting wuth the undesirable active down 
pre.ssure of the muscles of the arm, nor the stiffly 
rigidly held arm with correct gentle support. 

The arm has four portions, and in the action 
and inloraction of these different portions 
what the finger is to the hand the hand is to 
the forearm, and what the hand is to the 
forearm the forearm is to the up^ier arm, and 
so also the upper arm to the shoulder. It is 
always a ease of one joint further removed 
from finger-tips. And, having recognised tlie 
general sensation of muscular conditions— 
muscular action (limb supporting itself), and 
muscular inaction (limb hanging limp) — we 
must learn to locate and jiraetise these in the 
separate portions of the arm. In such ex- 
periments, lift the portion gently ; to feel its 
wi^ight, balance it up and down, alternately 
lifting and letting it fall ; tlien, finally, relax 
the upholding muscles entirely and drop it. 

General Principles of Relaxation 
Exercises. Tlemember the general principles 
of all such exercises; {a) Gentle eontractiona 
for lifting or sup])orting a limb or part 
of a limb ; (h) absolutely loose, uncontrolled 
relaxations, allowing it suddenly to fall again 
at a definite moment of time. Such practice 
is more mental in its aim than physical — t.e., 
it is not so much for the sake of strengthening 
and making flexible the muscles, as of training 
the mini to iveognise and easily recall the 
sensations accompanying divers muscular con- 
ditions, and to make the limbs obey the will. 

Technics at the Piano. Now let us 
ivturn to the keyboard and apply this, taking 
any simple finger cxcnnscs. Such materials 

(technics) should always be memorised. 

A time-honourixl form, to be found in most 
collections, is this : Take the long notes here 
as representing a resting 
on the tiyp of the normally 
undepressed key ; do not 
depress them to their 
low level. With the 
moving finger do not try to push the key 
too far down, endeavour to work only “ to 
the sound ; remember that the hammer 
reaches and propels the string just Ixffore 

w^e reach the key-bed felts. Ex^riment with 
different degrees of relaxed weight behind the 
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fingers, and always see to it that the fin^rs' 
tmrk feels upwards by reaction from the key. 
In using much weight behind the fingers, 
practise at first invariably staccato, and so let 
the w’eight be unronacimsly caught up again by 
the upholding muscles of the ann. 

If, when first practising with much weight, 
we play tenuto or legato, we shall risk letting 
the big weight of the loose arm cemiinut to be 
a burden on the fingers, and this it must never 
do, as it would result in key-bed squeezing, 
and ruin our agility and powers of expression. 

Equalising the Fingers. We must 
now try to equalise the fingers in the ex- 
ercises; w'o must get the same quantitv and 
quality of tone from each finger. Tlie thumb 
is very apt to force down ; try to get with it 
also the sensation of playing “up” towards the 
hand. Its best position is that w'ith the nail- 
joint in lino with the 

LJ IJ U ill 

ft rr ^ X, obliquely across it, thus 

\ V \ ^ (b), or (c). Of course, 

^ ft when two adjacent. 

notes are to be sounded 
together by the thumb, its nail- joint must then 
lie obliquely to the two keys (d). The whole 
tluiiub in the normal position should be heldw^ell 
aw'ay from the hand. We shall probably find that 
the fourth and fifth fingers of the hand seem to 
be the w^eakest, and we shall want to know how' 
to strengthen them, how’ to make them “ equal ” 
with the other fingers. 

Rotary Adjustments. In the forearm 
w'o have two long lioncs which can roll over 
eatth other, enabling us to rotate the forearm 
and with it the hand. AVe can thus turn the 
hand either palm upwards or palm doAvnwards, 
or merely tilt it from side to side — a rotary 
motion of hand and fore-arm, a movement of 
the waist round its centre, like that of a wdicel 
round its axle. But we have seen already in 
tlie east* of motionlessly upbearing fingers and 
loose lying hand that tliere can ^ muscular 
action and inaction w'ithout nny \mhm movement. 

The muscular habits of this forearm rotary 
eoiitiol foi m no exception to the rule. We may 
visibly rock the hand to and fro, thumb side 
to fifth finger 8id'% and vice vers&, w'ith a 
lot ary movement (as we do for certain tremolo 
effects), slightly rolling the fore-arm. 

But, when we wish it, wo can summon these 
rotary mU'iclo.s to our service invisibly. We can 
relax tin* muscles that hold up the hand at one 
side or the other ‘‘rotarily,” and the hand can 
then luado to tend to fall to cither at will. 
In this way, weak fingers, making nso of the 
w eight which is tending to fall, wull bear up 
against it, and at the same moment bear 
f'qualiy against the key, and, moving it swuftly 
down, produce a good tone. We can also make 
use of rotary exertion. At tlio w'eak finger 
side of the hand, thsn, use ‘‘rotary adjustment,’' 
remembering only in propmiion as we bear up 
with the finger against this rotary tendency to fall 
do we bring the weight to hear effectively on the 
keys. 

Cfmtinned 




THE SKIN AND ITS USES 

Group 25 

PHYSIOLOGY 

Growth of the Hair and Nails. The False and True Skins. The Sense of 
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Touch. Common Sensations and their Protection of the Body, The Pores 
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By Dr. A. T. SCHOFIELD 


VJ^E liave now to doscribo the strnotinv :ni<l 
^ the function of the skin ; the cjut of it 
will be dealt with in the section on healtJi. 

The skin [67] consists of two layers, tin* inru*r 
one called the dermis or vntis rern, which 
(jontains all the nerves of touch and feeling and 
all the blood-vessels ; and the outer on<\ the 
epidermis^ or falser skin, so called beeausi* 
it is over the true skin. It is thin, and contains 
no nerves or blood, so that when you ]>riek it 
lightly, as in the linger when sewing with a 
needle, there is no pain and no blood. 

The Hair and the Nails. The iiair 
and nails are really hardened parts of this outer 
layer of the skin. Perhaps a short description 
of those will show' how wuruhu’fully (‘ven the 
epidermis is made. Being only the outer skin, 
one would think that i( could not contain 
anything very interesting. VVe will thert'forc 
begin with the hair and the nails, th(' structure 
of which is remarkable. 

How Hair Grows, 
like a hyacinth or 
tulip, from a 1ml h 
deeply planted in 
tile true skin, from 
which it continu- 
ally keeps grow'ing, 
while at the same 
time it dii^s away 
at the extremity. 

'Pile surface of the 
liair is, as it were, 
thatoliedwith cells 
overlaying each 
other like tiles, 
while the centre 
is not hollow, hut 
Idled with a sort 
of pith. Straiglit 
hairs iivo round, 
while wavy and 
curly hair is 
oval , black is the 
coarsest, and flaxen 
the finest. Hairs 
do not grow' 
straight out of the 
skin, but at an 
angle, so that they 
can be made to lie 
down flat. In the 
head they gener- 
ally all radiate 
from one centre, and number about UX),000. 
It is calculated that four sound hairs will 
support a pound weight. The whole body is 
covered with them, though they vary greatly 


in length and tpiiility. Tliosc of animals serve, 
of course, for tlu* purposes of clothing ; in man, 
they are principally an ornament.. 

Each hair grows out of a d(‘ep pit in the skin, 
that (k'sceiids right through both false and true 
skins into the underlying layer of fat. This pit 
is lined througlunit with the cells of the 
epid(*rmis, or false .«kin, just as if the pit 
had been made by pusliing in llu^ skin. These 
tile-like cells that line tlu^ sides of the 
hair-pit point dowiuvards, while the lilc- 
like e(‘l!s covering tiu* hair jioint upwards, 
the one thus locking into the other, and pre- 
v<‘nting tb(? hair from being easily pulled out. 
When, ho\v(^vcr, it is drawn out, it generally 
brings away the sides of the growing pit with it. 

The Hair Bulb. At the bas(j of thi.s pit 
is a small pimple or bulb, made of the same 
epid(‘rmal cells. Just as the oufer layers of 
this are about to die, tlu'y form a Iiorny 
substance, as w'c shall s(s* they do in the 
skin, but of a very superior nature. The 

oubirmost dead 
laym’ of cells in- 
stead of lying 
about anyhow' 
ready to bo brushed 
oJf, as it docs on 
tho skin, has the 
ctdls arranged, as 
we have seen, likt' 
tiles. Th(‘ growth 
from Indow is 
fairly rajiid, and, 
as no cells fall off 
above, the young 
hail’ is soon pushed 
up out of the pit* 
which it (exactly 
fills, and goes on 
incr(;asing in length 
until tin; growing 
bull) at th(; l)ase 
is cxhaust(Hl, wdien 
it finally falls oil. 
Just as th(; liair 
leaves the skin a 
tube opens on (‘acb 
side of the “root” 
or hair ])it, uj) 
which is diseluirg(‘d 
a natural pomade^ 
for the hair. At- 
(ached, too, to the 
bulb on the uiuhn* sidi* of the hair, and 
])assing upwards to the skin, is a small barul 
of muscle, which, by contraction, has tlu’ 
power of erecting the hair, so that it stands 
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tiaeh hair sprouts. 



67. VEItTICAL SECTION OF THE HUMAN SKIN 


( (rrt'fttffj matjnijivd) 

I. EpkioriutH, 2. Conum. or true Bklii. :t. Papill.i', sIkavIiik l)loo<l 
vcBSfiljs (\ awailur implllu*). 4. rapiUa\ Rhowinj? iiorv*' taaViiws (taclip’ 
papilUv). J*. Nerve tlbret*. «. Sweat KlmalR. 7. Opeuiii«t» ot 
excretory UnetH of HebueeoiiB Klauds. H>. MuRcleH i>f hair follicles. 

II, naif foliieles. 12. Outer root Hheath. i:i. Inner root sheath. 
14. Fibrous suhstjnice of hair. 15. .Medulla of hair. Ih. Hair 
bulb. 17. Papula* of hair bulb. J«. .Shaft of hair. ID. Adi]>oHO 

tissue. 20. Artery, 21. Vein 







PHYWOLOQY 



up or bristles Trhen the person ts agitated, as 
with fear, etc. 

Frequently small bubbles of air get im- 
prisoned in the hair, as they do sometimes under 
the nail, forming silvery or Vliitc patches. They 
make the hair silvery in appearance, which is quite 
different from grey hair. The lattt^r is duo to 
the pigment being all gone out of the hair wth 
ago, the former to the refraction of light in the 
air-bubbles in the hair. 

The Nails. The nails [68] are beautifully 
modified outgrowths of the horny substance of 
the skin, and are of great use in giving firmness 
to the finger-tips and in grasping small objects. 
They grow in a poculiar manner, for at the 
base of a nail the outer skin is fobbed inwards 
into a deep french, ^ 

from the bottom of \ < 1 

which tliose horny 
cells of the epi- 
dermis grow up 
in the same way 
as in a hair ; 
this time, how- 
ever, in the flat 
shape of the 
trencJi, instead of 
tlio round shape 
of the hair-pit. 

Tlioy are free from 
all pigment. 

The true skin which foirms the bed of the nail 
is in ridges and furrows like a ploughed field, 
and the horny nail as it is jaished up from below 
often shows corresponding ridges [69], 

The Skin. The false skin itself merits 
a short special description, if only to show the 
true interest and romance that pervade the 
story of the simplest and least compb-x of the 
body structures. 

In the first place, the epidermis, like the rest 
of tlio body, is alive — tJiat is, all but the outside 
of it. 

In tJio next it is composed of from a dozen 
to twenty or more layers of living cells, packed 
side by side and layer on layer, just like the 
bricks in a wall. Each of those cells — like every 
other cell in the body — not only is born, groT^-s, 
matures, ages, and dies, but eats, drinks, breathes, 
frequently moves, and certainly works, not only 
doing its share in supporting the general 
structure, but aiding in some sjH*cial way 
besides. 


68 . TKANSVKUSK SIX! ION’ OF 
A TERMINATE PHALANX 
1. Iteno. 2. Nail bod (ftbruus 
atroTUM mid Idood-vessebL S. Nail 
wall. 4. Nall Kfodve. f». Painlhw 
of nail bod. 0. MalpiKblan layer. 
7. O rma. S. H(»rn.v layer. 


History of a Skin Cell. The life 
history of one of those cells is intereatiiig [70], 
Born by the parent ct ll squeezing off part of 
its owm body, it In^giiis an independent life, 
the young cell forming one of a row of similar 
ones in the deepest layer of this outer skin, and 
next to the true one. Hero the young cells 
are placed by the sidi‘ of a small blood-vcs.sel, 
which supplies them regularly witli fresh air 
and their sliare of food. The cells are very 
busy canying on a most important work, for 
to them is entrusted the manufticture of pig- 
ments from certain materials they take out of 
the blood stream and store up in then oum 
bodies ; they thus produce tlie colour of tho 
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skin. Of course, if the person bo fair and the 
skin nearly colourless, they are not hard worked, 
though, whon there is much heat or tho sun is 
shining on the skin, they got very active, and 
produce tho clear brown known as tanning^ so 
commonly seen at tho seaside ; at other times, 
for some reason or other, they arrange tho 
extra colour in little circles called freckles. 
lint where tho skin is dark broTVTi or copper, 
or yellow or black, their work is, of course, 
immensely increased. After a time they become 
parents themselves by squeezing off part of 
their own bodies in their turn, and these new 
cells now lie next tho blood-vessel, their parents 
having to mount a row higher and nearer tlio 
surface. 

Wo have spoken of the bodies. It must 
bo understood that each of these cells is com- 
posed of an irregularly shaped jelly-like mass, 
and is far smaller than the smallest speck tJiat 
can be seen with tho naked eye. Tho parents 
liavo now to depend for all their nourishment on 
tlieir offspring next tho blood-stream, who pass 
on w'hat they can spare. 8oon the parc'iits 
liecomo grandparents, then great grandparents 
and being further removed from tho blood- 
vessel — their only source of footl — they get loss 
and loss of it, and as a natural consoiiuence 
becom*? sraallor and smaller. Just before they 
die of starvation, however, the layer of cells next 
the surface sots to work once more, and manu- 
factiiros a poculiar horny substance called 
keratin or horn — partly, it is suspected, out of 
tlieir own bodies. TJii.s gi^es firmness to the 
.surface of tho skin and to the outside of the 
hair ; (hen, reaching tho surface, the particles 
of keratin lie in countless thousands in fine dust, 

which can bo 
shaken out in 
clouds at night 
from one’s 
garments, and 
scraped or 
brushed off the 
skin. They are 
often seen on 
a baby’s check, 
and similar 
cells form the 
bloom on the 
graj)C. 

iSucli, then, in bold outlines is t]»e story of one 
of tlie most insignificant structures of the body. 

The True Skin. Coming now’ to tho 
Cutis Vera^ the derma or true skin, we observe 
that it differs in every way from the epidermis. 
It is arranged in ridgCvS and furrows in many 
places, the folds of which the epidermis follows. 
The ridges are covered by double rows of 
papillm, which are small projections connected 
w'itl) the organ of touch. Tnere are also evorv- 
wdiero jiensory nerves connected with the 
ordinary sensations and pain, small tubes 
connected with the openings on the surface 
called pores, innumerable networks of capil- 
laries and lymphatics, and little glands that oil 
the hair. There is also a quantity of elastic 
tissue which enables the tnie skin to stretch. 



69. LONOlTUDlNAIi SECTION OF A 
TERMINAL UIIALANX 

1, Bono of last phalanx. 2. Root of 
nail. 8. Nail. 4. Horny layor uf sklri 
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and, the whole of it lies on a layer of fat [71], 
varying from J in. to 3 in. in thickness. 

We will consider these stinctures and their 
uses in the order in which we have named 
them. 

The Organs of Touch. The first 
are the organs of the sense of touch. This 
sense is principally connected with those 
ridges where, in double rows, art; the elevations 
called papilla, or pimples [72], of which wt; 
have spoken. Over other parts of the skin 
the papilla' are more or less thinly scattered, 
b u t n o - 
where so 
regularly 
arranged as 
in the hand 
and foot ; 
they art? ; 
about one- 
hundredth ; 
of an inch 
long. Each ^ 
papilla is 
a perfect 
11 e t w o r k 
of blood- 
vessels, 

and most epioekmis, on outer layer t)F 
o f the m SKIN on cheek, showinu pore and 
contain an hair 

oval body— (hioknosB in not more than that 

/. ^ of (innuc paper 

sometimes 


truding from the face, by wliich they discern 
the character of any near object before it 
actually touches the skin or fur at all. 

Sensation of Touch. We may now con- 
sider certain sensations of touch and ])ressuiv. 
The whiskers of eats, the antenna? or “feelers ' 
of insects, the ivings of bats, the trunks of 
elephants, lh<‘ hands of man, are all instruments 
of touch. Tli(*y ae(piaiut their owners with th(‘ 
size, form, and other eharac-teristies of l)odies. 
Touching is as ditfen'ut from mere feeling as 
listening and looking are from mere hearing and 
seeing. This sense, however, often leads us astray 
if not corrected by other faciilt i(‘s, such as eye- 
sight. The cavity in a tooth felt hy the longue is 
always imagined to be much larger than it is. 

Curious illusions exist witli regard to fourh. 
If the eyes an? closed and the first and middle 
ting(?rs crossed, and a small pea or head placed 
between them, two peas or Ixads are felt. 
This is caused by two p»u’ts of the lingers being 
enabled to touch thi? same small object, which 
they could not do unless thi‘y were ert)ssed ; 
so the mind wrongly coiK'liides that there are 
two ohjeets. 

At first touch is not localised hy flu? brain — 
only felt. An infant pricked by a pin only 
cries, but dot's not avoid the injury, because it 
does not know wlu'n? it is. As it grows old(*r a 
map, a i it wt*re, of the body is formed in the 
brain, (‘iiabling it to tell af oiiei; tlie f)oint 
tonehed. ' 

Sensation of Pressure. Pre^smu f is a 


like a small silk eoeoon — consisting of nerve fibres 
(iloscly wound round eacli other. Tiicre are also, 
in some cas(?s, little bulbs on the nerve fibres 
like small oranges. Although they are organs of 
touch, yet tht?se papilla? arc nevt'r allowed to 
come in contact with the object tonchctl. 
'Phey are all (?overed over with the epidermis, 
or scarf-skin, which is only thinly spread over 
the papilla?, but is thicker between them ; so 
that the papilhe are isolated by it, and it is 
easier to tell whic?h otk? i.s touched. Unless 
the pa])illa' were covered with the epidermis, 
the sense of touch would be lost. All feeling 
of touch is in the skin, but in very different 
degrees in the various parts of the body; for 
instance, if the skin on the back is touched at 
the same time with the two legs of a pair of 
compasses tw^o inches apart, only one touch is 
felt ; whereas on the tongue or fingers, however 
little the points are separated, tivo touches are 
felt. If a small portion of the skin bo scraped 
off, and the raw surface be touched, a feeling of 
pain is felt, but there is no sense of touch. 

The tips of the fingers and the tongue have 
the finest sense of touch, which, however, may 
be lost if the object touching them bo very 
cold or very hot. This delicaf<? faculty of 
touch is the sentry of the body, giving im- 
mediate warning of the character of the substance 
with which the body is brought into contact. 
Animals, and especially those which wander 
about at night, are endowed with a far more 
subtle sense of touch than human beings. Cats, 
tigers, and others of the feline race, arc? very 
sensitive in the stiff hairs or Avhi8kei*s pro- 


diiTer(?nt sensation from mere toiu'h. A card 
on the back of the hand touches it, hut a 
leaden weiglit pr(‘ss(*s it. 

Tlie judgment of weight is based on the 
amount of pressure and of nmseular effort, 
nc'cded to raise it. Hy lifting a w'eight it was 
found that a man 
could distinguish 
Ift.l oz. from -ft oz. : 
while hy the mere 
(liffen'nei? of pres- 
surt' in laying tlu? 
weight on the hand, 
he (?()uld only dis- 
tinguish 14.1 oz. 
from 15 oz. The 
combination of the 
71. FAT CELLS IN SKIN ^ gives the luost 
FILLED WITH OIL, siJowiNO a(!emate rcsults. 
TUEIR sioNET-HiNO snAFE It a pm IS picsscd 
(Ureathf magnified) gently against the 
skin, the sense ot 
touch is excited ; or, still better, if it is held 
between the thumb and finger, the feeling it 
excites is at once referred to the pin. If, 
however, the finger is pricked with it, tlicre 
is pain oven after the pin is taken out— no 
longer connected with the pin, hut with the 
finger. 

A finger can discern blindfold w4iefher it is 
touching silk, velvet, cotton, flannel, wood, 
iron, or stone ; but if the ouU*r skin be cut off, 
and the under skin left raw, only pain is felt 
when any object is touched, and their special 
sense is lost. 
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The accuracy of the sense of ion eh depends, 
as we have seen, on the nearness togetbor and 
sensitiveness of the papilla*. Tnc diflferenoes 
in various parts of the body are as follows. 
Two sensations are produced by the points of 
a comp«ass at the following distances : Tip of 
ton^e, l-24th in. apart ; tip of forefinger, 
l-12th in. apart ; nose, j in. apart ; palm of hand, 
J in. apart ; back of hand, 1 in. apart ; arm or 
leg, IJ in. apart; back of neck, 2 in. apart; 
thigh, 2i in. apait ; and back, 3 in. apart. 

Common Sensation. Under the head 
of common sensation are included the sense 
of temjHjraturo, pain, pleasure, itching, tickling, 
etc. This sensation does not depend upon 
the touch corpuscles merely, but upon the 
sensory nerves in the skin. This fact is im* 
jK)rtant ; for instance, the sense of touch does 
not depend on the thinness of the epidermis, 
but ii{K)n the number of toiK^h corpuscles. 
aTid is licnco most acute at the tips of the 
tingei's. Sensation, on the other luind, depends 
directly on the thinness of the epidermis, and is 
most aento on the back of the hand, cheek, etc. 

Common sensation is a great protection of the 
whole body, for just as tin* Avail is the defence 
of a fortified town, iind when that is passed 
the town is taken, so is tln^ skin the vital forti- 
fication of the body, to which it is such a power- 
ful defence that AvJien it is gone to a greni 
extent th(! life goes too. 

Tho nerves undt‘r the skin are like the coast- 
guards round onr coasts, and give immediate 
earning to tho central go\ernment Avhen any 
enemy attacks tins body. 

Tile sensation of Inail and cold is, again, quite 
ditferent firuii that of mere touch, and depends 


on the thinness of tin* skin. This sensation is 
often very fallacious. Jf one band be placed 
in cold water and the other in very hoi w^atcr, 
and then both bands be placed in warm water, 
this will seem liot to one hand and cold to the 
other. In fever, again, Ave feel excessively 
cold when shivering, and yet m’o in a burning 
heat, while, when avc perspire, avo feel much 
liotter and yet are really cooler. Pt'opk fw*l 
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warmer after drinking spirits, and yet the 
temperature of the body is alw-ays lowered. 

use of Pain. Pain is a most valuablo 
sensation, for it generally calls our attention 
to some injury or disease. It is difficult to 
tell where mere feeling passes into pau\, but 
usually it is when any sensation becomes 
injurious to the body. Heat is enjoyable 
up to a certain point ; then, as in the case 
of cold, it becomes pain, which can also 
l)c easily excited mere ideas of sensation in 
the mind. In fact, most sensations con be pro- 
dneed by ideas. Tickling may bo pleasurable 
or painful, according to its intensity, aud can 
l>e produced with the greatest^ effect in the tholes 
of tlui feet. 

lU'liing can be produced by physical or 
mental causes, and may reach any degree of 
acuteness. 

The Pores* Respiration and transpira- 
tion arc other functions of tho skin, and are 
< arried on largely by means of the pores [73). 
These are glandular structures connecUxl wutli 
the skin, and concerning Avhich the vaguest 
ideas are current. Somt^ imagine them to bo 
little holes in Avhich the hairs arc inserted ; 
otlu'rs, again, believe they arc* holes through 
the skin, opening into the l)ody, through which 
flic perspiration comes, the skin being thus a 
sort of sioA'e. Both these ideas are Avrong. 
'^Dierc arc no liolcs in any part of tho skin 
loading inside the body. The real “ pore ” is 
a tin)* opening, guarded by lips, at the end of a 
short tu])o which has no op(*ning internally at 
ail, but is coiled up at the end like a Avatch- 
spring. These por(‘s are really like little lungs 
which breathe, in oxygen and thus keep the blood 
near tho surface and tlu; skin red ; and 
breathe, oat, about 400 grains of carbonic^ 
acid gas, besides about a pint of water 
a day. 'J’liey arc vciy numerous, and 
exist all ov*er the body, though they 
arc^ most numoroiis Avhero most perspira- 
tion occurs, especially on the palms of 
the hands and tlie soles of the feet. It 
is of the utmost importance for lu’altli 
that the mouths of thes3 glands or pores 
slionld be kept open and freci from all 
obstruction, for in all there arc no less 
than 2S miles of them. 

By means of the pores, and also 
directly through its surface, the skin in 
this Avay does y?»o ^vork of 

the lungs as regards inspiration of oxygen, 
but about as r(*gards expiration of 
(yOo. This can be shoAvn as follow, s : If a 
hand be held in a closed lantern for tw'o 
hours and then a candle be inserted, the 
latter Avill go out because of the amount of 
CO.> in the air. The skin not only gives off COo, 
but other poisonous matters. 

Hence it is that burns and scalds are more 
serious in proportion to their extent of surface 
than to their depth — it being less serious to 
lose a certain amoimt of flesh, and even of bone, 
than a large amoimt of skin. Injnjuries, too, 
especially about the hand and Angers, when 
they are maimed or crushed, the important point 
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that decides whether it is bettor to remove or to 
leave the injured parts is the amount of skin 
by which they remain attached, for on this the 
life of the part depends. 

Amoxint of Water Given Off. But in 

addition to respiration, the por(?s excrete, 
as we have seen, a large amount of water. 
As a rule, this evaporates from the surface 
of the body all day long, and is called 
transjnration. When, however, tlu^ amount is 
so great that it cannot be Ocarried off, but remains 
as drops on the surface, it is called perfipimtitm 
or sweat, which has the following oomfiosition : 


Water .. 99*5 

Acids . . * I 

Salts . . * I 

Fats . . '1 

Other bodies *2 


itm) 

Two lb. of it is given off daily — twice as much 
Huid as comes from the lungs ; of the whole 
body weight is thus lost daily. The pores or 
sw('at glands are most numerous and largest on 
the palms, the soles, the forehead, and the sid<‘s 
of the nose ; there' are few on tlie hack and 
neck, and none on the lips. In th(‘ palms there 
are 3,000 to the square inch ; on the neck 400. 
'Ihere are in all two and a half millions, and they 
present a surface of 3,000 square inclu's. 

Perspiration is increased by hc'at, watery 
blood, exercise, drugs, nerve action and diseases, 
such as consumption and rheumatic fever. It 
is decreased by cold, exec'ssive urine, rest, drugs, 
and nerves. 

Th(^ sweat centre and that for dilating tla* 
skin blood-vessels geiK'rally act togeth(*r, but 
there may be “ cold sweat ” with pallor and 
little blood. 

Regulation of Heat. Owing to the 
innumerable blood capillaries just under the 
surface, the skin is also the heat regulator of 
the body, and acts like the balance of a w'ateh. 


or the governbr-balls of a steam-engine. When 
this power is lost the f)crson dies, as in one oi* 
tw'o cases w'h<*re tlie skin has been varnished 
all over. 

If the external air be cold, the skin contracts 
and tightly closes all the little hlood-veSsels, 
thus preserving tlie heat of the precious fluid 
by keeping it from the 
surface ; while, on th«' 
other hand, if the 
weather l)e hot, it 
allows the blood-vessels 
to expand, and by 
bringing the bloocl to 
the surface controls the 
lu'at of tlie body by 
the evaporation. This 
power is temporarily^ 
f)aralys(‘d by certain 
drugs, notably by 
alcohol. 

Other Uses ot 
Skin. Then, again, 
the skin is a secreting 
organ. It produces a 
pt'culiar oil for the 
hair, not only in tlie 
h(*ad, liiit all over the 
body. 4his oil is madt' 
under the skin in little 
vt'ssels called sehaoeous 
glands, which open by a 
small tube on (*aeh side 
of the tiny hairs with 
which t he skin is covered. 

But the skin lias many additional uses. It 
is tli(‘ beginning and the end of all the benutjj 
of the hiKly, wliicli literally is hut skin-deep. 
Whatever stn'ugth may ho in muscl(\ there is 
no beauty in its hare a]>pt‘arane('. Whatever 
loveliness exists in the rosy cheek, the white 
foreheml, tlu* well-roundtHl arm, or the graceful 
figure — all these vanish with the skin. A 
skiiUK'd nihhit has no beauty. 



73. THK sKiv 

( (rtratlif ) 

1. KpulrnuiH (liuniy Inyrr). 
i. Kpuimnis (4<M*|K*rlayrr). 
;l. Sweat iJiaisl duct. 

4. Papilla. 

Sul)rutanc(>u« tissue, 
d. Touch corpuscle. 

7. Itlood-vmols. 8. Xerve. 
9. Sweat jilaiid. ic. Kat 


Ontfin Hf'd 
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Elkvknth Day. At Wbxkrhbouu. KerH the 
touriet iu again on Luke Wener, and at this pretty 
town ho takes passage down the wonderful Qdta 
Canal. 

Twelfth Dav. On tho Gota Canal ; a glorious 
trip by steamer. The canal is the most wonderful 
ongiiteering work of tho kind in tho world. Tho 
sU'anier has to pass 74 locks. 

Thirteenth Day. The passage of tho oanal 
requires two days, but as the sct'nory is evorywliere 
enchanting no one will consider tho time ill.sjjcnt. 

Fourteenth Day. .Arrived at Gothenburo, wo 
are in Sweden’s inisiest commercial c-ity. Tho 
houlevnrds by the groat ship canals make hcaiitifiii 
walks, and the splendid Harbour and Calheilra! arc 
among the chief objects of interest in tin* town. 
Tin* (lothonburg system of licensing a(T<»rds tem- 
perance workers and <‘c«>nomists interesting study on 
t he spot. 

LtOngei* Tours. Three, weeic.'i will give 
the traveller time for making more intimate 
acquaintance with Stockholm and (lothenburg, 
as well as for a short stay at such interesting 
places as Orobro, Jdrikbjhng, and Berg, which 
lie at points near tho route just outlined. A 
innrUh allows an extra we('k for tlu* excursion 
up the Gulf of BotJinia to Torm a.. Or the 
tourist may prefer to spe nd the time in trips 
!o the romantic .\aland Isles and the island of 
(lottland, with its fascinating arelueological 
associations. 

Travel, Food, and Expenses. Tho 

Swedes are a eh aiming people. They are 
universally wtU educated. The land overflows 
with abundance. 'Che cooking, however, is 
peculiar, and differs greatly from that of both 
Norway and Denmark. At the railway stations 
are hot f)ro visions of great varii'ty always ready, 
in Bussian style, so that the traveller during the 
intervals freqiuuitly allowed, can make a com- 
fortable meal. It is a national custom to stand 
before dinner at a buffet coveri'd with a be- 
wildering variety of relishes, and to partake of 
these as appetisers. This preliminary is called 
the “ smbrgiis.’’ (In the steamers the .service 
is excellent. Indeed, travelling in Sweden is 
luxurious. The popular standard of comfort 
is high. As in Norway and Denmark, the 
traveller cannot expect to spend less than about 
one pound each day when travelling in Sw'cden. 
The fare from London to Stot;khoim is : First 
Class single, £8 .‘Is. 9d. ; return, £12 1 3s. 
Second Class single, £5 Ills. 4d. ; return, £9 Ids. 

Books to Read. Books descriptive of 
Sweden are very numerous, and many of 
thenf' are excellent. Specially to be eom- 
meuded are C. Wood’s “ Under Northern 
Skies ” ; Mrs. Baker’s. “ Pictures of Swedish 
Lif^I’ ; Howitt’s “ Tw^elve Months w ith 
P. Bremer ” ; Bayard Taylor’s “ Northern 
Travel ” : Lady Westminster’s “ Sweden ” ; 
Von Heidonstam’s “ Swedish Life in Towm and 
Country”; and “Ten Years in Sweden, by 
an Old Bushman.” 

DENMARK 

“ Dear little Denmark ! ” is the succinct 
description ofttn uttered by those who have 
come to loiow' the country so romantically 
situated between Northern and Central Europe, 
washed by stormy seas, cut off from the wild 
hi 


lauds of the Farthest North only by tho narrow^ 
Sound and the Skager Rak, anil linked by the 
racial affinities of its delightful, quaint, and 
highly cultured people with both tho Teutonic 
and the Scandinavian nations. Denmark, in 
its curious archipi'lago contains some of tho 
beauty-spots of Northern Europe ; and its 
mainland, the great Jutland Peninsula, is for 
its systematic, scientific, and wonderfully 
flourishing dairy-farming tho most interesting 
section of the whole (’ontim nl. The Danes are 
but a little nation, but in certain practical 
directions they liave heattm the woild. And 
thi‘ir country contains some of llu* most singular 
r(*mains of tlie oldest of civilisations. 

A Week in Denmark. So short a 
holiday wTmld need to be s])i nt mainly in and 
around (!openhagen, and a mon^ delightful week 
could hardly be imagined. A traveller who 
bad for y(‘ars been going about the world, when 
.asked which city he would prefer to live in, at 
once said, “ (‘openhagi n, undoubtedly ! ” To 
all Etiglish hearts Denmark appeals as the native 
and Ix'loved home of C^ueen Alexantlra. And 
Britain lias no sincerer friend than the stalwart 
little people who guard the gateway of the 
Baltic. Fhiei s round Uop(*nhjig(*ii are replete 
w'ith assoeiations (connected with tlie mutual 
histories of the tw'o nations. The lrav<‘ller who 
can spare a wwk only in Denmark should spend 
three days in surveying the sights of the capital 
itself, and the rest of his time in such deligJitful 
rt sorts as Fredciisborg, Skodsborg, Rosenborg, 
and Elsinore. 

A Fortnight in Denmark. This 
allows ample opjiortunity for seiiing all the 
attractive placis on the favourite tourist routes 
in the eountiy. 

First 1).\v. On tlu* lirst day in (’oi*kshaoen niio 
might .SCO tlio famous (lummef Sfracilc, or Fish Market ; 
the quaint I'fyetable Market, with the foimtuiu 
decorated witli hronze storks and frfigs ; I fie cele- 
brated Vor Frue Kirkr, or Chiirefi of Our Lady — a 
perfect Thorwaldseu Museum of itself, us if. whs 
decorated entirely by the great .seul|)f«>r - the gigantie 
white marble ligun* of (Jlirist Risen Hlanding at the 
ehancel end, and tlie bc'autiful statues of the Twelve 
.Apostles in the nave. Die ThortrnUhvn Museimi. 
where are seen the originals, or easts, of all the gr(*at 
master’s works, would wiml up a. fidl day <>f sight- 
seeing. 

Sec’oni) Day. V’isit the Chn'sHa^nNharn Quarter, 
where are the Frederik^kirke and (he splendid 
National Muavum. 'Fhe evening slumid be spent in 
tho lovely Tivoli Garden and Concert Hall, the ])opu- 
lar pleasure resort within Coperdiagen. 

Thiui> D\v. Fxeiirsi jii (o Amalienbonf, the 
beautifully situated jialuce of the Crown Prince. 
V'isit the Royal Picture. Gallery, containing runny 
masterpieces of native art. The ('athedral and the 
Church of the Trinity, wdth the famous Round Tower, 
may be included in the day. as also Rosenborg 
('astle. 

Fourth Day. Train io Hiller od, {nr Fredriksborg 
Castle, a magnificent structure by the lakf*. now 
used as a historical museum. 

Fifth Day. Excursion to the grand Royal Deer 
Forest of Klarnpenborg. 

Sixth Day. Excursion to Skodsborg, the beauti- 
fully situated health resort on the Kattegat, w ith its 
magnificent beech forests behind the little towm and 
fine sea view in front. 

Seventh Day. Visit to the Royal Palace of 
Fredenahorg: Here is the favourite residence of the 
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Boyal Family in Aummer. It is a famous meeting- 
place of European Royalties. Glorious park, famous 
for its splendid pines and noble beeches. The 
Ewnm, Lake is a fine sheet of Water. 

Eighth Day. Devote to Elsihore, a beautiful, 
quaint, historic city, whore the chief sight is E’ron- 
wrg, known as “ Hamlet’s Castle,” witli the lovely 
pleasure grounds, known as “ Hamlet’s Gardens.” 
The charmingly picturesque old castle, with its 
366 spires, ombleTnatk* of the days of the year, was 
built by Frederick II. in the sixteenth century. 
Among the [uiintings is a portrait of Rubens’ daughter, 
by the great master himself. There is also one of 
Hamlet tlie Dane, by Abildgaard. In the vaults 
below the castle, according to popular legend, rests 
the stalwart hero of Denmark, Holgor Danske, 
wrapt in slumber, a well-known character in Hans 
Andersen’s fairy tales, who will come forth w'hon his 
country is in peril. The Flag Battery is the plat- 
form where Shakespeare makes the ghost of Hamlet 
appear. The reputed ” Hamlet's Grave ” is on an 
elevation behind tlie gardens of Marionlyst. 

Ninth Day. At Roskilde, the ancient capital of 
Denmark, and the burial place of the Danish Royal 
Family for ten centuries, beginning with Sweyn, 
nephew of Canute. 

Tenth Day. Visit Schloas Lernatorff, a lovely 
chateau, used frequently as a summer residence of 
the Royal Family. Near by is the quaint old 
village of Ojeniofte. The walks in the neighbourhootl 
are exceedingly beautiful. 1’lie traveller will by this 
time be fairly acquainted with the chief scenes <>n the 
island of Zealand, on the east coast of which the 
capital is situated. He can now spend a few days in 
surveying certain portions of Jutland, crossing the 
Great Belt, traversing the island of Odciisee, then 
crossing the Little Belt. Or he may take steamer 
' from Copenhagen to Aarhus. 

Eleventh Dav. Aarhus, an important spot on 
the middle section of the ejtstern side of .lutland. 
The grand old Cathedral, dating from the thirteenth 
century, has elaborate frescos on the interior walls, 
very old an<l quaint, and wonderful sepulchral 
mural monuinettls. 

Twelfth Day. Silkeboro. S<*cnery hero, in 
the interior of .Tutland, is very lovely. A tiny 
steam launch runs along the lake twice a day t-o 
Himmclhjerg, the little landing-ploce for the only 
considerable hill in all Denmark. 61.5 ft. high. 
From the summit is a superb vien’ of the chain of 
lakes. 

Thirteenth Day. To V^eilf. by train. Here 
is a long fjorfl. The tourist proceeds across the 
narrow’ base of Jutlaml the west coast. Arrives 
it Ribe. 

Fourteenth Day. Ribe. After visiting the old 
Cathedral, take train to FIsnJERa, which is an alto- 
gether modern place, sprung into existence as the 
new port for steamers from tho west. It has been 
creat^ by tho w’ondcrful devek>pmont of the butter, 
bacon, and egg export trade. Esbjerg is tho Chicago 
of Denmark. 

Longer Tours. Three weeks in Den- 
mark would give the tourist facilities for 
further investigation of the other islands of the 
archipelago. The sisters to Zealand — Alster, 
Laaland, Langeland, and Funen, are all worth 
visiting in turn. They contain many pros- 
|>erous and picturesque little towns and villages. 


The system of small holdings and of eo-o^rative 
dairy-farming may be studied with great profit. 
A month will allow of a trip to the northern 
regions of Jutland. Aalborg, on the Lym 
Fjord, is full of quaint fascination, and may 
well detain the visitor for two days. Trips to 
Fredrikshavn and Skagen %rc curious and 
memorable experiences amid unique scenery. 

Travel and Expenses. Denmark 
may be reached most conveniently by steamer 
direct to Esbjerg, the port on the western side 
which has come into note specially duriim recent 
years ; or by rail, after crossing the Channel 
through Brussels, Cologne, and Hamburg L) 
Kiel ; but all who love an ocean voyage prefc'r 
to sail from Hull, Newcastle, or Leith to Oopen 
hagen. Thus, the fine scenery between Den- 
mark and Sweden is enjoyed in passing tht 
Skager Rak, the Kattegat, and the Sound. 
It is a sail of 50 hours. But the voyage from 
Harwich to Esbjerg only takes 27 hours. Tlu- 
cost of travel in Denmark is very moderate. 
Th(‘ almost uniform flatness of the country 
renders it a perfool paradise for the cyclist a.^ 
also for the pedestrian. A visit to Denmark 
is peculiarly charming on account of the constant 
variety of locomotion, now by train, now by 
steamer. Expenses are less than in Norway 
and Sweden, for food is remarkably cheap, 
Bread and eakes, the latter of endless variety, 
are everywhere delicious. Milk and butter an 
of the finest quality. The Danes love sago and 
ground-rice puddings with curious mixtures o1 
gooseberry pickle, raisins, sultanas, and bil- 
berries. The “ smorgiis," or sideboard appetiser 
before meals, includes a bewildering variety of 
sandwiches. 

The fare from London to Copenhagen by 
<'lieapest route (General Steam Navigation 
Company’s steamer from Harwich to Hamburg, 
and thence via Kiel and Korsor), is: First Class. 
£2 lbs. 8d. ; Return, £4 12 b. (id. Second Class, 
£2 8s. lid. ; Return, £3 IDs. 8d. 

Language and Literature. Th(‘ 
language of the Danes is identical with that of 
the Norwegians, but is different from that spoken 
in Sweden, though cognate. Dano-Norwegian 
is easily learnt sufficiently to enable the tourist 
to make himself understood. The British are 
exceedingly popular in Denmark, so that the 
country is one of the pleasantest for a Briton 
to travel in. The literature of travel in Denmark 
is of special interest. Very instructive are 
Otte’s “ Denmark and Iceland ; Marryatt*^^ 
“Residence in Jutland”; Edwards s’ “ Ig 
Jutland with a Cycle”; and Laing's ^^Dehmarg 
and Duchies.” 
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BUTCHERS 

We assume that the young man who thinks 
of becoming a master butcher has had a thorough 
practical training in the business. Books can- 
not teach him this —only service in all depart- 
ments with competent masters will give him a 
grasp of it. But afttr learning all lie can from 
Ills employers he has a good deal still to learn, 
and some of this knowlerlge he may profitably 
acquire froni books. We assume also that 
the young man is proparKl to do all that is 
necessary to make siicecss certain— even to 
sleeping under the counter should the drawings 
at first not provide enough for both a house and 
a shop. In every new venture where the means 

are moderate 

tliere oomes a 
time of stress. 

(’redit must un- 
fortunately be 
given, and just 
when things 
are really doing 
well, and orders 
are coming in 
faster, the 
pinch will be 
felt. Most of 
the capital will 
be lying in tlm 
hands of the 
customers, a 
good deal going 
out, but very 
little coming 
in, and how to 
make ends meet 
will often be a 
sore problem. 

The young 
man who is 
going to suc- 
ceed will have 
prepared for 
this by keeping his personal expenses down to 
the lowest possible figure, and by purchasing, 
eveii for business purposes, only such things as 
cannot be done without. No smart horse am! 
trap for him until he can afford it. Ex- 
pe^nced accountants state that three- fourths 
of; the businesses which come into the bank- 
ruptcy court owe their failure to the personal 
extravagance of the partners. 

Clioice of Locality. Whether a start 
should be made in town or country will 
dep^d ‘On previous training. In town the 
butcher generally purchases his meat, cut up 
in sections, to suit his trade, from the wholesale 
maikete. In the country he buys *'on the 
hoof/^ and Idlls for himself. In the town market 



he can buy exactly what suits him ; in the 
country ho must dispose of the whole, carcn.se 
and the offal as well. 

Very often, to obtain a suital)lc site, the new 
starter must cither buy a business already made 
or open a new shop in a rising neighbourhood 
One advantage in buying a rcatly-madc? business 
is that he can get to know pretty well what tb‘‘ 
probable turnover is. On the other hand, he 
may pay too much for t’H‘ business, or may not 
have enough capital for its purchase, riie plan 
of opening a new shop in a rising locality is 
perhaps more speculative, but on thi' whole it 
offers to the beginner the most likely avenue of 
success. A shop in such a locality, witli houst' 

room over it. 
can usually b<^ 
had at a 
mod(n*ate rent. 
The business 
may not be 
largi^ to begin 
with, but it * 
will probably 
be large enough 
for tin? capital 
availabh^. It 
i 1 1 glow 
steadily ; and 
if a shrewd 
liargain has 
been made as 
to rent and 
option of long 
l(‘Hse, and the 
right site has 
been chosen, it 
will probably 
become one of 
groat value inu 
few years. We 
have known 
men who have 
do V e I o p e d 
sev'eral such businesses, and then sold them at 
very good profit. 

Everything depends on the site ; and the j*ule 
for choosing this is very simple. Jlave your 
shop in the position where the greatest number 
of possible buyers are bound to see you. It may 
be fatal to bo oven a very short distanei; out of 
the main current. We know streets in London 
where the butchers’ shops on the “ off ” side of 
the street are always changing hands. 

Orna mentation. One of the best adver- 
tisements a butcher can have is a well- 
appointed shop, and the question of decoration 
should have the most serious consideration. 
Undoubtedly the best and most sanitary 
covering for the walls is glazed encaustic tiles, 
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if the cost does not put thorn out of the question. 
An average shop of, say, 12 ft. frontage and 
16 ft. depth, may have a ft. dado of coloured 
tiles, with the space above, up to the ceiling, in 
white tiles with coloured panels, the stall board 
finished with variegated tiles, door and lifting 
window in good style, and an ornamental sign- 
board over all, delivered and fixed for about 
£100. Our illustration [1] shows such a shop. 
If the thin, vitreous tiles, now so com- 
monly used, are adopted, the cost would 
considerably less. Should even this bo too 
expensive, the walls may be well painted with 
three coats of paint, tfio last one a coloured 
washable enamel, for a sum of from £16 to £20. 

Outfit. Against the back wall should be 
placed a cash desk, with a door at the aide and a 
lifting window in front, the coat of which in good 
pine, varnished, or in American white wood, 
ataincjd and varnished, is about £8. A pound 
or two extra spent on having the stained 
white-wood desk polished greatly improves its 
appearance. 

Along the side of the sliop further from tln' 
door is placed a bentdi for pieces, costing £2 
to £3. In front of this may be put a French 
block with stand and drawers, the price of which 
may be anything from £2 to £10, according to 
size. 

Th«^ bar work on which the meat is .suspended 
should be of bright steel, and a section of 1 J in. 
by ft- in. is quite strong enough. One hundred 
feet of this bar will furnish amply a shop of the 
above dimensions, and at the usual price of Is. 
per ft. run, this amounts to £5. The hangers 
for suspending the bars to the walls or ceiling 
are more expensive, espc'cially if polished, the 
average prices being from Id. to 2d. per lineal 
inch, black, and 2d. to 3d. polished. As the 
latter require a lot of labour to kt'cp them bright, 
we recommend blac^k hang(^rs painted with 
enamel as being the most suitable. The cost 
of these for the shop would run up to £6 or £7. 
Rail hooks may be either polished or tinned. 
The latter are very cheap, and a very good 
assortment can bo purchased for h^ss than a 
sovereign. 

A marble-topped wall -tabic may be added to 
the outfit if thought necessary, at a cost of £6 
or £6, and a piece-board, on frame, costing, 
say, 30s. The weighing scale, with a capacity 
up to 28 lb., with brass bell weights, will cost 
£3 or £4, and a small table on which to stand the 
scales about his. 

The following are the miscellaneous items 
of outfit, and will increase the expenditure 
hy £13. 

s. d. 

A steelyard, or Salter spring balance, 
as may be preferred, to check the 
weight, rope and pullov with blocks 
and eyebolt to lift the scale with 
the meat attached . . . . (say) 80 0 

Oak pickling tub, 56 gal. capacity , . 45 0 

Assorted price tickets . . (say) 10 0 

Three ei^melled iron window-dishes 10 0 



s. d. 

Salting pump (4 gal. capacity) . . 47 6 
Assorted hickory skewers (4| in. to 

8 in.) . . (say) 10 0 

Galvanised iron pail . . 16 

Long arm, 6 ft. 2 0 

Bow saw, 20 in. . . . . . . 5 0 

Back saw, 18 in. . . . . . . 4 6 

Smithfield chopper, 12 in. . . . . 4 3 

Lamb chopper, 10 in. . , . . 3 6 

Two butcher’s knives, 10 in. . . . . 3 4 

Steak knife, 10 in. . . . . 2 0 

Dagger-pointed knife, 10 in. . . .. 1 8 

Steel 5 0 

Block scraper . . . . 16 

Wire block-brush . . . . 13 

Ordinary scrubbing-brush . . 10 


Cold Chamber. Without the aid of 
refrigeration it is extremely difficult to conduct 
a butcher’s business satisfactorily in the surnmei-, 
or even in the moist muggy days wo have so 
frequently towards the end of the year. Tlie 
beginner will most probably not be in a position 
to expend, siiy, £200 on a mechanical refrigerat- 
ing plant. Besides, it would be too large for his 
requirements ; but ho can proourt; a first-class 
cold room —dimensions, say, 4 ft. 6 in. wide. 
3 ft. 6 in. deep, and 7 ft. high — worked by ice, 
for £16, deli vend and erected. The room should 
bo insulated with good mate^rial — silicate cotton 
preferably — and lined with zinc sheeting. Tin* 
ice crate should be made of galvanised iron rod, 
and the drip-tray underneath should be in- 
sulattid to prevent the condensation pf moistuio 
on the under side, the ice water being taken 
outside the chamber by a trapped pipe. 
Separate doors for the iee, and for the meat are 
the best arrangement. Automatic! ventilators 
in the top are necessary, and wooden mats, in 
sections, to facilitate removal for cleaning, nie 
the proper covering for the floor. This chamber 
will use from 2 to 2.J cwt. of ice per week, and 
the ice orate should always be kept as full as 
possible. Its capacity will be about two quarters 
of beef and four or five carcases of mutton, besides 
pieces. The larger items are hung from gal- 
vanised rails placed under the coiling, and the 
smaller to wooden rails fastened near the sides. 
T’liis chamber may stand in the shop, or in 
premises behind, or in a cellar. If possible, 
it should be placed where the sun docs not shine 
on it. The great majority of Lutchers now have 
cold rooms ; bn t such a contrivance is an especially 
important fixture for the beginner, as his moat 
goes off slowlv. and would soon lose its bloom 
and quality if he had not a chilled atmosphere 
in which to store it. 

Cleanliness. Every purveyor of food 
should study cleanliness, but the butcher, dealing 
in a very perishable article, requires to devote 
particular attention to it. All woodwork 
should be washed daily with hot water, soap, 
soda, and the scrubbing-brush. The rails aad 
tools must be kept clean and bright, and no 
dirt allowed to gather anywhere. Means of 
thorough ventilation of the shop when closed 
should also be provided. 
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Legal Obligations. Under the Acts which 
regulate the sale of food, the butcher who sells 
ijieat unfit for human consumption is liable to 
heavy penalties, and these penalties will no 
doubt become heavier as time goes on. It is 
easy to submit doubtful meat to the market 
inspectors, or to call in the medical officer of 
health in the country. If moat is found to be 
unsound in the shop or on the premises, it 
should be removed without a moment’s delay, 
because if the inspector discovers it ho will 
presume that it is being offered for sale. If the 
meat cannot bo removed at once it should be 
de^mtured by soaking it with, say, paraffin oil, 
which would prove conclusively to the inspector 


it, but must consign a portion to London or 
other largo markets. The town or suburban 
butcher has many advantages. He requires 
to be at Smithtield bright and early, but he can 
buy exactly what he knows he can sell. If ho 
cannot dispose of whole quarters or carcases he 
obtains pieces at a very trifling increase of 
price. Tripes, cheeks, hearts, plucks, and other 
offal he finds lying ready to his hand. His 
purchases are delivered early for the morning 
trade — although, of course, it is a great advantage 
to have his own van when he can afford it. It 
is the general practice in the London trader to 
canvass for orders, and this almost neeessitatea 
at least a lad as an . ass istant. 



2. ITEMS IN THE BUTCHER’s OUTFIT 


1. steelyard. 2. Boniiii; Knue. 3. Dagger-pointed Knife. 4. Butehor’« Knife. 6. Steak Knife. 6, Block Scraper. 
7. Cook’s Fork, 8 and 9. Swivel Hooks. 10. Window Fork. 11, Long Arm. 12, 13, 14 and 16. Tjpes of 
Hangera for carrying Meat Rails. 16. Copi)cr Fork. 17, 18 and 19. sand Kail lft>()k«. 20. Ham Slicer. 

21* Gambal. 22. Steel Skewer. 23. Steel. 


chat it was not intended to be sold as food. 

The law as to the use of preservatives and 
colours on meat and in sausages is in a curiously 
indefinite state. The recommendations of the 
Departmental Committee appointed in 1899 
have not yet been dealt with legislatively by 
Parliament, and no clear definition of the 
responsibilities of the purveyor of food in this 
conneotion can at present be given. 

Bntying and Selling. The country 
butcher has generally to buy his cattle and 
sheep alive, and only long practice will enable 
him to figure up the value of a beast as it 
stands. Generally^ he cannot sell the whole of 


Cutting up Meat. Beef. At the slaughter- 
house the carcase is split down centrally 
through the backbone, or chine, into two 
equal halves, or sides of beef, and if the 
butcher buys his meat by the side ho divides 
it further, as in 4 [page 1432]. He saws through 
the backbone at about the sixth joint, counting 
from the rump end, then enters his knife under 
the first rib, passes it along to the end of the 
rib, and then downwards to separate the thin 
flank from the brisket. The side is then 
divided into fore and hind quarters, of which 
the average weights are 44 stone and 46 stone 
respectively. 
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The further divieion into piooee is sufficiently 
indicated in the illustration, the general weights 
of the pieces being as follows ; 


1. Hook 14 to 18 lb. 

2 and 3. Round and 

buttock . . . . 40 „ 48 „ 

4. Aitchbone . . 12 ,, 14 

5. Rump 30 „ 32 

6. l^hick flank . . . . 20 „ 24 

7. Sirloin 36 „ 40 „ 

8. Six ribs 28 30 

9 and 14. Four ribs and 

leg of mutton piece 40 „ 4o 

10. Two ribs . . . . 40 ,, 45 . 

11. Thin Hank .. .. 24 ,, 26 

12. Brisket 20 ,, 22 „ 

13. Neck 40 „ 45 

16. Shin 8 12 


Mutton, A gootl Kngbsh sheep weighs when 
killed, cleaned, and cooled, about 70 lb. It is 
split clown like a carcase of beef, therefore each 
side will weigh about 35 lb., and the side is 
cut up as shown 1 5, page 1433 J, as follows : 


Leg 

.. 9 

lb. 

8 oz. 

Loin 

.. 7 


14 „ 

Nock 

7 


4 ., 

Shouldci 

fi 


13 ., 

Breast . . 

3 

- 

9 ,. 


35 

Ih. 

0 oz. 


In tl\e above analysis of weights the nock 
and scrag -end of neck arc included under the 
item “Neck.” 

Pork. The butcher’s porker averages about 
961b. in weight, and the side [6| therefore weighs, 
say, 48 lb., and cuts up into the following : 

Leg 9 lb. 

Loin 17 

Spring . . . . 8 „ 

Hand 4 

Spare ril) . . . . 5 ,, 

Head 5 

48 lb. 

Sausage Making. In the cutting up of 
meat a good many small pieces and ocldincnts 
are produced, which fetch low prices, and the 
thrifty butcher, therefore — in the cooler weather, 
at least — turns these into sausages. The outht 
for this part of the business need not be ex- 
pensive. Many thousands of tons of sausages 
have been made with the No. 32 hand-power 
“ Enterprise ” meat cutter, a machine that has 
had an extraordinary vogue among butchers in 
all civilised countries, and which may now be 
purchased from almost any dealer or hardware 
^merchant at the low price of 168. A more modern 
^and improved maidiine is that shown on next 
page fixed to a table, and retailed at £2 2s. fid. 
It is enamelled inside, and the meat propeller 
is made hollow, with the knife spindle passing 
through the centre, the latter being driven at 
about double the speed of the former. 

This arrangement avoids the crushing and 
bruising of the meat, which takes place in the 

Enterprise machine, owdng to the propelling 
power being in excess of the cutting capacity of 
the Idfife. newer maohine has a series of 
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graduated perforated plates^ changeable at will, 
HO that sausage meat, pie meat, or fine pastes, can 
l»e produced with equal facility, and either one 
or two knives with corresponcung plates can be 
used ; thus the maohine is capable of gr jai 
variation to suit different purposes. For 
filling the sausage moat into the or 

skins, the barrel filling machine, with plunger, 
ratchet, and gear and nozzle, is used, and one ol 
12 lb. capacity may be bought for SOs. A 
bench or tabic on which to cut up the meat 
and mix it with the seasoning, a knife or two. 
and a pail in which to steep the casings, com 
plete the outfit. 

Casings and Contents, 'The casings 
are the cleaned small entrails of the pig or 
sheep. In England the former are used for bet f 
sausages as a rule, and in Scotland the latter, 
'riiese casings in the salted state can be bought 
from numerous dealers, the prices varying from 
Is. fid. to 28. per lb., shaken free from salt. 
From time immemorial a certain proportion ot 
bread has been mixed with sausages, and even 
the law courts have decided that, as the custom 
is old and universal, the sausage may now be 
taken as a mixture of meat and bread. This 
gives an opportunity to the unscrupulous; but, 
on the other hand, the public are very easily 
alarmed about sausages, and if the quality is 
inferior, the sale will be small. A sausage con- 
taining only good bc(»f and seasoning is a veiy 
toothsome article, and we have known firms who 
have built up a good and profitable business l)\ 
making a speciality of a pure sausage containing 
only the liest material. It is very difficult, 
however, for the average butcher to fight against 
established custom — and uhat can bo expecU‘d 
in sausage retailed very often at 4d. a pound ? 

The meat is weighecl out and cut into pieces 
that will go easily into the cutting machine. 
'File bread is soaked in water, and the surplus 
squeezed out in a press or wrung out in a clotli. 
The meat is spn*ad out on the bench, and the 
bread placed equally over it ; then tne seasoning 
is scattered over the surface at the rate of i oz. 
per lb. of meat and soaked bread combined. 
A little of any of the harmless colours approved 
of by the Food Preservatives and Colourings 
Committee may be added, and the whole mixed 
together. The following is a good composition 
for the above-mentioned seasoning. 

26 oz. ground white pepper 

60 „ salt 
2 „ ground nutmeg 

1 „ ■ „ ginger 

I „ ,, pimento 

1 .. „ corianders 

The whole should be rubl ed througli a sieve 
and well mixed. The spices should be of the 
best quality and thoroughly fresh. The sausage 
mixture is then passed once or twice through 
the cutting machine, in the meantime the 
easings have been soaked in lukewarm water to 
soften them, and a length of casing is slid on to 
the nozzle— quite 20 ft. may be got on Without 
trouble. The chopped meat is mrown into the 
barrel of the filler, which is tilted up for the 
purpose. The baml is then ad]ustea and the 



8. ITEMS IN THE BTTTCH^SB’s OUTFIT 


U81 



SHOPK8IPINQ 


plunger run forward by turning the handle. 
When it reaches the meat the latter is squeezed 
through the nozzle, and carries the casing with 
it, the left hand of the operator keeping hold of 
it to regulate the rate. The long length of 
sausage is then weighed into pound quantities, 
and each pound is doubled up and divided into 
six links, which are twisted over and worked into 
a neat package, or the links may be hung loose 
on hooks in the shop window. When a largo 
trade in sausages is done it is necessary to have 
a silent bowl meat-cutler, witli a motor or gas- 
engine to drive it, a larger tiller and bread-press ; 
the outfit costing anything, according tt) size, 
from £50 upwards, delivered and fitted. 

Prices and Profits. The retail prices vary 
very much according to the state of the markets 
ani the locality. An expensive West End shop 
requires larger gross profits than one in a 
^medium or poor locality. It would not be 
of m\ich service to give fixed prices for goods 
which vary so much in value ; but it may bo 
Uken that a fair average of gross profit, all over, 
on home-killed moat is about 15 per cent. — or, 
say, 3s. in th{^ pound, or a little under 2d. in the 
shilling. In foreign meat, as the range of 
values is lower, while the 
turnover may be no greater, 
the pore(‘ntage of gross 
profit should bo higher to 
secure the same retuni. 

If the beginner keeps bis 
eyes open, he Avill soon, 
with the above facts before 
him, be able to work out 
his list of prices. He will 
compare the prices of cuts 
of beef in the wbolesah^ 
markets with those at which 
his neighbours are selling 
them, and he will make a 
practice of weighing all )ii< 
own cuts, and calculating 
what they will bring him 
' in, less bone and fat, and in 
this way he will see exactly 
liow he is going. 

Pork Butchers. The 
business of a pork i)utchei 
is in many respects dif- 
ferent from "beef butchering. 

The beef bu teller sells the 
greater part of his meat 
•n its natural condition, 
while with the pork butcher 
sausages and made dishes form the bulk of the 
business. The London pork butcher is, in 
addition, a purveyor of hot cooked meats and 
vegetables. Very hard work is the rule in pork 
butchering, and the profits are frequently by no 
means excessive. 

The general equipment of the shop does not 
differ greatly from that of the beef butcher. The 
walls should be tiled, and marble is generally 
used for the side tables and window. The bar 
work is modified to suit the smaller and shorter 
pieoes handled, and it is a common practice to 
nave one or two glass shelves in the window, 

im 


hung with brass chains on which to display the 
more fancy goods. 

Equipment. The equipment is as follows. 

Salting Tanka, As the pork butcher holds 
considerable stocks of salt pork he requires 
larger pickling apparatus, and usually he has 
one or two tanks, built of slate or concrete — 
preferably the former — the cost of which may be 
from £5 to £10. 

Pickling Pump, To hasten the salting process 
and make it more certain, he injects brine into the 
meat by means of a force-pump, and one of the 
best forms of brine -pump is that illustrated, the 
cost of which varies from £l 12s. 6d. to £3 3 b., 
according to size and style of fittings. 

Sausage Machinery. The hand machines 

recommended for the small beef butcher would 
not be of much use here, and an ordinary outfit 
would bo the following. 

£ s. d. 

Silcntmeat-cutter of *25 lb. capacity 20 0 0 

Two brake horse-pow(‘r gas-engine 30 0 0 

Pulley and bolt . . . . . . 15 0 

Delivering and fitting . . . . 10 0 0 

Sausage filler of 30 )b. capacity . . 8 0 0 

One 12 in. diameter bread press . , 3 0 (> 

Portable smok- 
ing oven . . fi 10 0 
Cooking Outfit : 

One 50-gallon 
portable boiler 4 2 3 
One 2 ft. C in. x 
2 ft. 0 in. X 
Ifiin. gas roast- 
ing oven . . 19 15 0 

Four baking -tins 16 0 
Brisket press, 14 
X 9 in. . . I 5 0 

( )no copper fork I 3 

Sh(yp Out ft : 

( )ne vegetable 
warmer . . COO 
Meat and brisket 
stand, with 
marble block . . 16 0 

Window fork . . 2 3 

Two boning 
knives . . 2 6 

Two butcher’s 
knives . . 3 4 

One cook’s fork 1 6 

Two choppers . . 7 0 

Two block 
scrapers . . 3 0 

The weighing machine 
and weights, the steel, etc., would be the same 
as in a butcher’s shop. The addition of a 
small scale and weights for seasonings would 
be an advantage and would cost about 258, 

The principal goods made by pork butchers 
are fresh pork sausages, fresh beef sausages, 
smoked sausages, or saveloys, small German 
sausages, large German sausages, brawn, and 
black puddings. 

In the country it is usual to render lard, to 
pack and sell it in bladders or grease-proof 
paper bags, and to salt the legs into hams. 
The London trade does not do so* but cooks 



4. STOE OF BEEF, SHOWlNt? CUTS 
1. Hock. 2. Bound. 3. Uuttoek. 4. Aitchbone 
6. Rump. 6. Thick Flank. 7. Sirloin. 8. Six 
B i ha. 9. Four Riba. 1 0. Two Riba. 1 1 . Thin 
Flank. 12. Briaket. 13. Neck, 14. Leg of 
Mutton Piece. 16. Shin 
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and Bells hot roast and boiled pork and beef 
in various cuts, pease-jpudding, baked potatoes, 
boiled carrots, cold boiled tongues, and various 
other occasional dishes. 

Pork Sausages. The fresh pork sausage 
is made pretty much like the fresh beef 
sausage, and the same general seasoning will 
be found suitable, with the addition of 3 oz. of 
rubbed sage and IJ oz. of marjoram. The 
smoked sausages are frequently made of cheap, 
inferior meat, which is a pity, as a good smoked 
sausage will usually fetch its price (‘2d. a link) 
and bring cuHtomers back again. The German 
sausages contain varying quantities of farina as 
well as broad, and they are very Huely chopped, 
^riie fari na act s as a binder. The small ‘ ‘ ( lermans ’ ’ 
are usually of better quality, and are put up in 
weasands, which are the cleaned ^ 

lining membrane of the ox’s £] 

throat. The larger ‘‘Germans’* 
are packed in himg.'i — the larg(' ^ n 
intestine of tlie ox. Both are fj 

smoked. The general seasoning j 

will suffice, the spicing being 

modified to suit the ideas of the l 

m ker and the taste of his gm j 1 1 

customers. Tn the South of 

Kngland, pco])lc, as a rule, do HR J \ 
not care for too much spice in 
sausages, but in the North they ’ ) 

cannot have too much. \ j 

Recipes. The following y 

recipes for brawn and black y 

puddings are taken from 

Douglas’s “ Encyclopiedia of 
Butchery.” 5. side of - 

Braum. C3can fresh pigs’ mutton 

heiwls well and bone them out. 

Begin with the ohc'cks first ; 4] uroast. 

take out the jaw-bones, and |. Shoulder, 
then the tongues, and then * o^Neck''^ 5 
the eye-pieces. Get a small 

barrel and dust it with the^ following mix- 
ture: r) lb. salt, I lb. saltpetre, .J lb. dry anti- 
septic. Rub the tongues, more specially at 
the roots. Put the tongues into the barrel 
first, then the cheeks, afte*r dusting them over 
with the mixture, and lay them well over one 
another, rind to rind Use the small pieces to 
fill in between. Between the layers dust freely 
the mixture, so that each portion of meat 
receives a covering. Keep the meat in the 
baitel tor from tw nty-four to thirty hours, 
then put it into a jacketed pan or boiling copper, 
with just sufficient clear water to cover the meat. 
Boil for an hour at 212° F., then remove on to a 
tine sieve, and strain out the jelly. Now cut the 


meat as nearly es possible into squares by means 
of a knife, or, better, by means of a brawn- 
cutting machine. When this is done, put your 
out pieces into glass moulds or other suitable 
dishes, and fill up with the jelly previously 
strained off, and allow it to cool. Some prefer 
to keep a few tongues separate, and cut thorn 
into long pieces. These they stick down into 
the meat before the jelly is added. Some put 
in whole tongues. Seasonin for this brawn 
should be added when the meat is being boiled, 
and should be made on tlie following plan : 
For ev(‘ry ‘20 heads use 3 oz. wliite pepper, 
.J oz. cayenne, a thimbleful of essence of lemon ; 
a few cloves and some pepjHnvorns throughout 
give a nic(‘ Havour. 

Black Puddinja. 10 lb. Midlothian groats, to 
be first boiled before mixing ; 

10 lb. leaf lard, or back fat f 
1 \ oz. black-pudding (herb) spice ; 

1 1 oz. black pepper ; 1 gallon 
bfood (bullock’s or pig’s) ; a 
handful of chopped onions is 
sometimes added. 

Boil the groats for about 40 
minutes previous to using. Cut 
the leaf lard into pieces .J in. 
square witli fat cutter. VVlien 
the blood is being drawn from 
the bullock or pig it should he 
stirred gently, and a wineglassfuJ 
of warm water added to every 
gallon, along with 2 oz. of salt 
and 2 oz. food preservative. 
Mix all the ingi’cdients well 
together, placing them in a 
black -pudding filler, and fill 
the narrow bullock runners with 
6. SIDE OF roHK mixture. Tie pieces about 
.. Leer. 2. Loin. IS ill long into lengths, and 

both ends. Boil them at a very 
gentle temperature (180° F.) for about 20 minutes, 
and then withdraw them from the pot or boiler 
and allow to cool. 

During the process of boiling add to the water 
either 1 oz. (to every 10 gallons) of black-pudding 
dye, or J ll). of logwood chips, in order to dye 
them perfectly black. The old-fashioned way 
to tie black ymddings is by means of dried rushes 
or bass strings, allowing the ends of the rushes 
to project about 3 in. 

A valuable practical work for the butcher is 
that already referred to— Douglas’s “Encyclo- 
piedia of Butchery/’ published at 10s., by 
William Douglas & Sons, Limited, of Putney. 
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POETRY OF THE NINETEENTH CENTURY 

2 . The Successors cf Wordsworth. A Sh'rt Study of Tennyson, with Briefer 
Notice of Browning:, SAinburne, Matthew Arnold, and the lesser Victorian Poets 


By J. A. HAMMERTON 


The Siisnificance of Tennyson. Mr. 

Theodore Watts-Dunton, poet and a critic of 
poetiy, has sum^nod up the significance of 
Wordsworth’s great successor in a single tolling 
phrase. “ Tennyson,” ho writes, ” knew of but 
one justification for the thing he said — viz,^ that 
it was the thing he thought,” Alfred Lord 
TuiraysoN (b. 1809 ; d. 1892) is the ” bright 
particular star ” in the crowded galaxy of Vic- 
torian poets. His muse was responsive to the 
dreams of science and the doubts of philosophy, 
as to the whole world of Nature. One of the 
most scholarly and exact of poets since Milton 
and Gray, ho was, with the po.ssible exceptions 
of Burns and Byron, the most popular since 
Shakespeare. Not even Wordsworth took his 
vocation more seriously. From a period of 
idealism he passed to one of somctliing very 
like pessimism. Always hating the petty con- 
ventions of the present, he became in his later 
years too much of a social critic for his poetry 
to benefit. From first to last, however, he was a 
master of word-music, acutely sensitive to 
every vibration in Nature, and capable of 
rendeiing his impressions with almost miracu- 
lous fidelity. He saw no less clearly than h(* 
heard. Proctor said there were no mistakes 
about the stars in his poems ; and similar 
tributes have l)een paid to his knowledge of 
birds and flowers. 

The value of Tennyson to the student h 
twofold. On the one hand, ho teaches by 
example the qualities and possibilities of the 
English language ; on the other hand, his poems 
may not inaptly be described as “ the voice of 
the century in all its modulations l^etween the 
extremes of buoyant hope and desolate d(*8pair. 
** In Momoriam,” his elegiac poem, written in 
memory of his friendship for Arthur Hallam, 
son of the historian, has been much misrepre- 
sented as an influence against ortiiodox religion. 
Tminyson’s faith was firm and unshaken to the 
end ; but “he dreaded the dogmatism of sects 
and rash definitions of God.” “ Locksley Hall,” 
and its sequel, “Locksley Hall Sixty Years 
Aftei,” sum up the difference Iwtween liberal 
aspiration and democratic achievement. In 
“ Maud,” his favourite work, ho entered an 
eloquent protest against the material views of 
human life. 

The Poet's Views of Poetry. Tennyson’s 
oonsiatent contention was that poetry should 
be the flower and fruit of a mm’s life, and 
hk every stage of it a worthy oSering to the 
ivptld. One day in the s* mm^r of 1888, in the 
.s^en of his homu at Aldworth, Sussex, the 
Laureate was discussing with Mr. Gosse 
we ease of those who love to trace similarities, 
Mm to think that a mediocre poet who 
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originates an idea is above the great poet w! o 
adopts and gives it everlasting form. Said 
Tennyson : “ The dunces fancy it is the thought 
that mikes poetry live. Tt isn’t. It’s the ex- 
pression, the form ; but we mustn’t tell them 
so — they wouldn’t know what we meant.” This 
is a very different thing, of course, from saying 
that the “ form ” of poetry is its all in all ; as 
the poet’s further remark on the same oooaaion 
proves. “ The highest poetry,” he said, “ may 
be popular, and praised in the migazines, and 
yet the secret of it is * unrevealed to the whole 
godless world for over.* ” We may doubt if it 
is always revealed to the poet himself ! But 
there is nothing in this view of poetry which is 
incompatible with the principles we have agreed 
upon at the outset of this course of study. 

Tennyson and Modern Problems. If 
it bo granted that Tennyson’s poetry did not 
profit by his sensitiveness to the social problems 
of the time, or by the way in which he criticised 
the trend of policies and the fickleness of public 
opiniou, it can hardly be gainsaid that he was 
a great teacher foi’ all who care to give oar to his 
message. The best of Tonnysou is not to be 
gathered by the pastime of hunting out plagiar- 
isms from iiis po mis. As the stirring events of 
Elizabeth’s reign inspired Shakespeare, so 'was 
Tennyso'.i inspired by the Battle of Waterloo 
and “the fairy tales of science” to the vision of 
a time when war-drums throbbed no longer — 

“ And the battle-flags were furl’d 

In the Parliam mt of man, the Federation of 
the world.” 

But he saw the peril, first of an excessive 
“ John Bullism,” and then of moro “ talk.” A 
poet of Nature, Tennyson was also a lover, if a 
critic, of humanity and a prophet of social reform. 
The following quotation from “Locksley Hall 
Sixty Years After” shows this, as well as ex- 
emplifies the length to which he could carry 
his lines ; 

“ Is it well that while we range with Science, 
glorying in the Time, * 

City children soak and blacken soul and 
sense in city slime ? 

There among the glooming alleys Progress 
lualts ou palsied feet, 

Crime and hunger cast our maidens by the 
thousand on the street. 

There the master scrimps his haggard 
sempstress of her daily broad, 

There a single sordid attic holds the living 
and the dead. 

There the smouldering Are of fever 'oreeps 
across the rotted floor, 

And the ciowded couch of iiicest in the 
warrens of the poor.” 





LITBIIATUItl 


In his interpretation of the five chief subject i 
it has been the province of poets to deal with 
— ^Nature, woman, life, politics, and religion — 
Tennyson will be found always looking forward 
to the ultimate good. If the spirit of the present 
generation wars with Tennyson the teacher, it is 
because of his treatment, in “The Princess" 
particularly, of “ worn in's rights. ’ His views 
on “the woman question” were, indeed, reac- 
tionary. “ Woman,” ho wrote, 

“ is not undevclopt man. 

But diverse : could we make her as the 
man. 

Sweet Love were slain : his dearest bond is 
this, 

hut like in difference." 
of “ In Memoriam.’* 

of the most versatile of 
of meti'(\ “ He nnilisod,” 
“ that the number of new 


Not like to like. 

The Metre 

Tennyson is one 
poets in his use 
says Mr. Benson, 
thoughts that a writer 
can originate must he 
small — if, indeed, it is 
tho province of a poet 
to originate thought at 
all — and the vital pre- 
sentment, the crystalline 
(onoentration, of ordi- 
nary experience is what 
he m fst aim at.'’ Hence 
liis close attention to 
“form.'’ “Ho always 
held, as he says in his 
poem ‘To Virgil,' that 
the hexameter was the 
* stateliest ’ metre ever 
invented; but he did not 
think it fit for English ; 
he once said that it was 
only fit for comic sub- 
jects, and he believed 
that Englishm^ui con- 
fused accent with 
quantity. He indicated 
that quantity had so 
little existence in English 
that for practical pur- 
poses it was superseded 
by accent, and that, 
except for delicate effects, 
attend^ to ; he always 
experiments in ' ‘ ' 
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accent must be 
maintained that his 
classical metres had cost him 
more trouble than any of the poetry ho had 
wpttteh.” His son, the present Lord Tennyson, 
has an interesting chapter on “In Memoriam.” 
The metre of this beautiful, if disjointed, elegy 
is the common long metro, with the second pair 
of rhymes indented. Here is a familiar example ; 

” I held it truth, with him who sings 
To one clear harp in divers tones, 

That men may rise on stepping-stones 
Of their dead selves to higher things.” 

Tennyaon wrote : “ As for the metre of ‘ In 
Meihoki&m/ I had no notion till 1880 that Lord 
HerbeHw()f Oherbury had written his occasional 
verm in same metre. 1 believed m^elf the 
otii^tor pi the metre, until after In Me- 
mmam * c$me out [in 1850], when someone told 


me that Ben Jonson and Sir Philip Sidney had 
used it.” 

Under the Spell of the Poet. A friend, 
writing to the author of the “ Life,” records 
a remarkable incident which binds Froude the 
historian and a ship's mate by a bond of 
human fellowship, in their inaebtedness to 
Tennyson’s poetry. The incident is worthy 
of mention here as illustrating the power of 
the poet over readers of strangely different 
type.K, Tt is thus recorded in the official 
l)iograpliy : “ One moonlight night, when 

sailing, some years since, in the Malay Arohi* 
pclago. 1 came on deck, to find the ship in charge 
of the mate, a taciturn mariner, uncouth, and 
of uncompromising visage. A chance remark, 
liowever, about the beauty of the night brought 
a line from a well-known stanza in ‘ In Me- 
moriam ’ as reply. I coinjdeted the verse with 
undisguised pleasure, and this fairly broke tffo 
ice of his reserve. For 
the rest of that watch 
the mate paced up and 
down the deck, reciting 
to me the greater part 
of the ‘ Idylls ' and the 
first half of ‘ Maud.’ 1 
shall never forget the 
feeling with w'hich he 
lilted out the song, 

‘ Birds on the high Wall 
(Tarden.' During the 
next week — ‘ all in 
tho blue, unclouded 
weather ' of that beauti- 
ful archipelago — the 
mate and I talked 
together on the one 
sjibjoct which had kept 
him, he averred, from 
suicide by droivning — 
a sailor’s death more 
common than people 
think. For heart-whole 
delight in the poetry,' 
for jmre devotion to his’ 
image of the poet, I 
place that mute of a 
Malay coaster above all 
the Tennyson ians I have met.” Froude, writing 
in 1894, declared that he owed to Tennyson 
“ the first serious reflections upon life and the 
nature of it,” and that these had followed him 
for more than fifty years. 

Tennyson’s Favourite Poem and 
Some Others. From a technical stand- 
point “ Maud ” is regarded by competent 
criticism as one of the most perfect of 
Tennyson's great poems ; it is tho one, 
moreover, of which the jpoet himself was 
specially fond. It contains the exquisite 
lyric “Come into the Garden, Maid.” 
rerhaps the best of Tennyson’s work was his 
earliest. That which penetrates the heart of the 
many is comprised in the lyrics, such as the 
song just referred to, together with “Break, 
Break, Break,” Sweet ana Law,” and his »wm 
song, *' Crossing the Bar.” Bat the ” Idylls of 
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the King ” are also widely loved. Mr. Benson 
places “ The Lady of Shalott,*’ “ Mariana in the 
Sout^,*' The Miller’s Daughter,” “ (Enone,” 
“ The Palace of Art,” “ The May Queen,” “ The 
Lotos Eaters,” “ A Dream of Fair Women,” 
“The Morte d’ Arthur,” “ Love and Duty,” and 
“ Locksley Hall” among the poems which have 
“profoundly affected English literature.” 

How to Study Tennyson. The best 
plan to pursue in the study of Tennyson 
is to take up the “Life” of the poet written 
by his son, and then to read the poems in the 
sequence in which they were written. z\ny 
student who will do this will know more of 
Tennyson (and, incidentally, of the most 
important of his contemporaries) than he will 
be able to glean from any other pair of volumes 
that can be named. For examples of ( 1 ) Tenny- 
son’s indebtedness to the writers who preceded 
him, and (2) the extent to which he re-wTote 
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many of his poems, reference should be made to 
the “ Illustrations of Tennyson ” and “ The 
Early Poems of Alfred Lord Tennyson,” by 
Prof. Churton Collins. 

Robert Browning. With Robert 
Browning (b. 1812 ; d. 1889) ” form ” was but 
a secondary consideration. Its requirements, 
in fact, constituted for him almost an obstacle 
to the flow of thought. He is as difficult and 
obscure as, for the most part, Tennyson is clear 
and easy to the common understanding. It is 
said that in the course of time Browning will 
supersede his great contemporary in popular 
estimation; but that time is not yet, nor 
likely soon to come. With Browning, far 
more than with Tennvson, is it necessaiy to 
consider the life and the poetry as inter- 
dependent and inter • explanatory. It has 
been well said that “ much of the apparent 
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obscurity of Browning is due to his habit of 
climbing up a precipice of thought, and then 
kicking away the ladder by which he climbed.” 

There is no gloom in Browning. He is all 
virility. His dramas and his poems are the 
appurtenances of an intellectual gymnasium. 
With Browning — 

“ Life is — to wake, not sleep.” 

“Rise and not rest,” he cries ; but “press— 

“ From earth's level where blindly creep 
Things perfected, more or less, 

To the heaven’s height, far^nd steep, 
Where, amid what strifes and storms 
May wait the adventurous guest, 

Power is love.” 

Tennyson wrote that : 

“ ’Tis better to have loved and lost 
Than never to have loved at all.” 

With Browning it is better lo have lived and 
struggled and failecl than never to have lived 
at all. 

Browning as a Poet. “ Browning as a 
poet.” writes Prof. Dowden, his most competent 
critic, “ had his origins in the romantic school 
of English poetry ; but he came at a time when 
the romance of external action and adventure 
had exhausted itself, and when it became 
necessary to carry romance into the inner world, 
where the adventures arc those of the soul. On 
the ethical and n'ligious side he sprang from 
English Puritanism. Each of these inliuences was 
modified by his own genius and by the circum- 
stances of its development. His keen observa- 
tion of facts and pa.ssionate inquisition of human 
character drew him in the direction of what is 
termed realism. . . . His Puritanism re- 

ceived important modifications from his wide- 
ranging artistic instincts and sympathies, and 
again from the liberality of a wide-ranging 
intellect. . . . He regarded our life on earth 

as a state of probation anti of preparation. . . . 
In his methods Brow'ning w'ould acknowledge 
no master ; he w'ould please himsf‘lf and compel 
his readers to accept his method, oven if strange 
or singular. . . . His optimism was part 

of the vigorous sanity of his moral nature ; like 
a reasonable man, he made the happiness which 
he did not find. . . . The emotions which he 

chiefly cared to interpret wore those connected 
with religion, with art, and with the relations 
of the sexes. 

. . “ His humour was robust, but seldom 

fine or delicate. . . . There is little repose 

in Browning's poetry. He feared lethargy of 
heart, the supine mood, more than he feared 
excess of passion. . . . His utterance, 

which is always vigorous, becomes intensely 
luminous at the needful points, and then re- 
lapses to its well-maintained vigour, a vigour 
not always accompanied by the highest poetical 
qualities. The music of his verse is entirely 
original, and so various are its kinds, so complex 
often are its effects, that it cannot be briefly 
characterised. Its attack upon the ear is often 
by surprises, which, corresponding to the 
sudden turns of thought and leaps of feeling, 


LITKRATURK 


ju8tify tliemselvoB a» right and delightful. Yet 
he sometimes embarrasses his verso with an 
excess of suspensions and resolutions. Brown- 
ing made many metrical experiments, some of 
which were unfortunate, but his failures are 
rather to be ascribed to temporary lapses into a 
misdirected ingenuity than to the absence of 
metrical feeling. His chief influence, other than 
what is purely artistic, upon a reader is towards 
establishing a connection between the known 
order of things in which we live and move, and 
that larger order of which it is a part.” 

An Important Point. It is especially 
important to remember that Browning's thought 
where it is most significant is often more or less 
enigmatical if taken by itself ; “ its energetic 
gestures, unless we see what they are directed 
against, seem aimless beating in the air.” That 
portion of his work, therefore, which is primarily 
polemical bids fair to fail of interesting posterity. 
“ Men and Women ” includes some of his finest 
work ; but his masterpiece is the living 
human epic of “The Ring and the Book.” 
” How they Brought the Good News from 
(}hent,” “Saul,” “The Lost Leader,” and 
“ The Pied Piper of Hamelin,” are among his 
most popular works. It is worthy of note, by 
the way, that the first book of “ Selections from 
Browning ” was issued at the request of a 
society of literary students meeting weekly in 
Whitechapel, and it would be no had plan if the 
young student lirst apijroached Browning's 
lM)etiy by the reading and re-reading of this 
admirable selection of his writings. It would 
{3repare him in a measure for the strikingly 
individual qualities of the poet’s longer works 
and give him a good iflea of the bent of 
Browning's mind. 

Algernon Charles Swinburne (b. 

1S37). Mr. iSAvinburne’s peculiar ideas, re- 
publican and agnostic, though popular opinion 
concerning them is to a certain extent mis- 
guided, have certainly had the ellect of 
keeping th(» greatest living lyrist from the 
[jaureateship. In both his prose and his vers? 
Mr. Swinburne seems ever at the mercy of 
an irrepressible flow of language. He exag- 
gerates whatever lie touches. In the main, 
the exaggeration makes genuine poetry, if we 
consider poetry as devoid of all appeal except 
the appeal to the ear and the passions. But in 
some of his works, and notably in “ P(x'ms and 
Ballads legitimate exaggeration ranges into 
regrettable licence, if not utter unintelligibility. 
Mr. Swh^burne has yet to bo recognised for his 
essential patriotism as he is admired for his songs 
of the sea. His verse is as near to actual music 
as that of any poet who ever lived. Reference 
has been made to Tennyson’s faoile use of 
varied metres ; but in this regard Swinburne 
is the more comprehensive artist. 

The More Important of the Minor 
Poets* Next in importance to Mr. Swinburne 
must be reckoned Matthew Arnold (b. 1822 ; 
d. 1888), whose poems, austere in form, classic in 
spirit, breathe the indefinable sadness of culture 
threatened by anarchy. Mr. Swinburne has 
uttered no criticism that rings more truly than 


his dictum that Matthew Arnold's “ best essays 
ought to live longer than most ; his poems 
cannot but live as long as any of their time.” 
Matthew Arnold would have won lasting 
distinction among the few had he only written 
“ Tlio Strayed Reveller,” “ Empedocles on 
Etna,” “The Scholar Gipsy,” and “Sohrab and 
Rustum.” The poems of Frederick Tenny- 
son (b. 1807 ; d. 1808) and (hiARLEs Tennyson 
Turner (b. 1808 ; d. 1879) may be studied with 
those of their illustrious brother. Frederick was 
joint author of the famous “ Poems of Two 
Brothers,” and his “ Isles of Greece ’’ is a poem 
well worth study. Charles is best represented by 
his sonnets. Dante Gabriel Rossetti (b. 1828 ; 
d. 1882) (jannot, as Mr. Benson observes, be 
said to have modified in any direct way the 
great stream of English poetry ; but he “ has 
stimulated the sense of beauty, the desire to 
extract th(5 very essence of delight from emotion, 



FAlifitt Jk /Vy 

AI/iEKNON CHARLES .SWINBURNE 


form and colour ; he has inoulcaled devotion 
to art.” Christina RossErri (b. 1830 ; d. 
1804) takes a place in English literary history 
by the side of Mrs. Browning and Jean Ing blow 
(b. 1820; d. 1807). A. H. Hallam (b. 1811; 
d. 1833) lives in “In Memoriam” as John 
Sterling does in Carlyle's biography. Richard 
.Monckton Milnes, Lord Houghton (b. 1809 ; 
d. 1885), belongs to the school of Praod and 
F. Locker-Lampson (b. 1821; d. 1895) as 
a brilliant writer of society verse. William 
E. Aytoun (b. 1813 ; d. 1805) was the 
author of “Lays of the Scottish Cavaliers,” 
Aubrey de Verb (b. 1814 ; d. 1902), the son 
of Sir Aubrey de Vere, was. like his father, 
a successful sonneteer, but is more noteworthy 
as a critic and a friend of Tennyson. Charle.s 
Mackay (b. 1814 ; d. 1889) wrote the well- 
known lyric of “Tubal Cain.*’ Philip James 
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Baxley (b. 1810 ; d. 1902) spent his life in 
the development of his dramatic poem of 
“ Festus/’ which, now half forgotten, was 
once haiL'd as the product of the highest poetic 

g enius. James Westland Mabston (b. 1820 ; 

. 1890) wrote a number of dramas and poems 
that are now but imperfectly remembered. 
Of his son, Philip Bourke Mabston (b. 1850; 
d. 1887), the blind poet, it may indeed be said 
that he learnt in suffering what ho taught in 
song. Both John Ruskix (b. 1819 ; d. 1900) 
and (iBOR(}E Meredith (b. 1828) are greater 
poets in their prose than in their verse. Arthur 
Huoh Clough (b. 1819 ; d. 1801), as shown by 
“ The Bothie of Tober-na-Vuolioh,” was not 
altogether given over to the philosophic doubt 
usually associated with his name. Charles 
Kingsley (b. 1819 ; d. 1875) should be praised 
for his “ Andromeda ” as well as for such lyrics as 
“ Oh, that We Two were Maying,” ” The Sands 
of Dee,” and ” Three Fishers went Sailing,” 
and his breezy ” Ode to the North-East Wind.” 
Coventry Patmore (b. 1823 ;d. 1890) is seen at 
his best in the refined sympathy of “The Angtl in 
the House,” and “ The Unknown Eros.” In the 
frlsh songs of Willi \m Allinoham (b. 1824; 
d. 1889 ) is to be traced something of the origin of 
the present “ Celtic revival." The poetic output 
of Robert Lons Si evknson (b. 1850 ; d. 1894), 
limited in quantity, is notable in quality. 
George MacDonald (h. 1824 ; <1. 1905) wrote 
many short lyrics, of w'hich “ Hnby ” is especially 
delightful. His “ Diary of an Old Soul ” -vva's 
declared by Kuskin to be one of the three groat 
religious poems of the century. Francis 
Turner Palorave (b. 1824 ; d. 1897) was 
greater as a critic than as a jhm*! ; his “ (Jolden 
Treasury of Songs and Lyrics ” bears witness 
to his powers of discrimination, though he 
owed much (o the advice of Tennyson. Gerald 
Massey (b. 1828), the original of (ieorge Eliot's 
“Felix Holt,” long since laid aside the lyre; 
but his poems rank among the best that are 
“ racy of tht* soil ” and expr<*ssive of that 
popular spirit which gave rise to Chartism. 
Sir Edwin Arnold (b. 1832 ; d. 1904), in his 
“ Light of Asia,” interpreted Buddhism for 
Western readers. Sir Lewis Morris (b. 1833) 
is the author of a poem called “ TJie Epic 
of Hadv^s,” But William Morris (b. 1834 ; 
d. 1896), as seen in his “ Earthly Paradise,” 
was a poet of a much more considerable calibre. 
Anglo-India has inspired Sir Francis Hastings 
Doyle (b. 1810 ; d. 1888), Sir Alfred Lyall 
(b. 1835) and Mr. Rudyard Kipling (b. 1865). 
Mr. Kipling’s “ Barrack-room Ballads ” and 
the poem entitled “ Recessional ” exhibit him 
in two widely different moods. James Thomson, 
“B.V.” (b. 1834; d. 1882), depicted the dark 
side of London in “ The City of Dreadful Night,” 
and ranks with Philip Marston among the 
unfortunates of genius. Robert Buchanan 
(b, 1841 ; d. 1901) is another example of un- 
IqlffUed promise, but his early poems will one 
day be the object of the admiration they deserve. 
William Ernest Henley (b. 1849 ; d. 1903) 
Is the Hehie’tf England ; his ** Book of Verses,” 
”}n and ” London Voluntaries,” 


occupy a distinctive place in latter-day litera- 
ture. To living poets, beyond those already 
mentioned, it is impossible to do jtdltice. Of 
Mr. Alfred Austin (b. 1835) it can at least be 
said that his love of Nature is genuine, and his 
lyrical gift, if unequal, certainly above the 
contempt that has been heaped upon it. Dr. 
Richard Garnett (b. 1835) is a poet as well 
as a critic. Mr. Austin Dobson (b. 1840) and 
Mr. Edmund Gossh (b. 1849) are two of our 
sweetest and least pretentious singers. Mr. 
Theodore Watts-Dunton (b. 1832) has written 
many sonnets of exceeding beauty. Of Mr. 
W. S. Blunt (b. 1840) mucli the same may be said. 
Mr. W. B. Yeais (b. 1866), Mr. John Davidson (b. 
1857), who is still writing “ Fleet Street 
Eclogues,” Mr. Henry Newbolt (b. 1862), and 
Mr. Lattrence'Binyon (b. 1809) all claim men- 
tion. But Mr. Robert Bridges (b. 1844) 
is, of all our minor poets, perhaps the one whose 
w'ork will prove the most enduring. If he is 
ehallengt‘d for supremacy it will be by Mr. 
William W \tson (b. 1858). Among our women 
poets, Mrs. Alice Meynell is undoubtedly the 
fonm)St. She is, indeed, one of the greatest 
w'omen wTite’s of the cent my, wdth an in- 
dividual and memorable voice. 

This brief summary is by no m'»ans ('x* 
haustive ; but it wull afford the student a clue to 
the most distinctive poets of the past century. 

Books to Read. For biography there 
is no series cheaper or bett(*r than the “ English 
Men of Ivt'tters ' (Maemillan). The Tenny 
.sonian stud.uit. however, must read the standard 
“ Memoir'’ by the present Lord Tt nnyson (now 
published by Ma^'millan at (J.s.) and, in 
addition to the works numtioned in th(‘ text, 
would do well to consult the amended edition 
of “In Meraoriam” (Ma(*millan. 6s.), and Mi. 
A. U. Benson’s “Tennyson " in Methuen’s “ Little 
Biographies” (3s. 6d.). 3’he best biography oi 
Browning is by Prof. Dowden (Dent. 4s. 6d.) 
There is no cheap complete edition of his WTirks ; 
but Messrs. Smith, Elder publish a small 
volume of “ Selections ” at Is. ; and tin* 
whole of the works in eight pocket volumes 
at 2s. Gd. each. Mr. Swinburne’s “ Poems ” and 
“ Tragedies ” have been recently issued in a 
uniform edition by Messrs. Chatto & Windus. 
The “ Globe ’ series (Maemillan), the “Oxford 
Poets” (Frowde), the “ Aldino Poets ” (Bell), and 
“ The Muses Library ” (Routledge) supply ad- 
mirable texts of most of the standara poets 
mentioned in this and the preceding part of 
our study. The best edition of Wordsworth is 
edited by Prof. Knight (Macmillan), who has also 
arranged a commendable selection of “ The 
Best Poems ” (Newnes. 3s. 6d.). The new 
copyright edition of Byron’s w'orks, edited, with 
a racy memoir, by Mr. Ernest Hartley Coleridge, 
and published, at 6b., by Mr. John Murray is, for 
obvious reasons, the best. Matthew Arnold’s 
ms have been issued by Messrs. Walter 
tt and Messrs. Routledge in inexpensive 
form. Consult also the “ Canterbury Poets ” 
and “ Poets and Poetry of the Nineteenth 
Century/’ edited by A. H. Miles 
Ooniinu€d 
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SQUARE ROOT 

140. Tf a number can be put into prime 
factors, its square root can be written down by 
inspection. 

Example. Find the square root of 27225. 


Example. 
327225 
3 901 ry 
5 3^5 
5 " ‘605 
11 J2j 
U 


Hence 27225 - 3-' x 5*^ > W. 

. -. V27225 - 3 X 5 X U ^ 165 Ans. 


141. We know that ^1=1, and aJ 100— 10. 
Therefore, the square root of any number which 
lies between 1 and 100 lies between 1 and 10, 
i.e., if a number contains one or two digits, its 
square root consists of one digit. 

Similarly, since ^/100= 10 and .^/lOOOO — 100. 
the square root of a number between 100 and 
10000 lies between 10 and 100. That is, if a 
number contains three or fovr digits, its square 
root consists of two digits. 

Proceeding in this way, wc obtain a general 
result— -m., the square of a ninnber has either 
twice as many digits as the number, or one less 
than twice as many. 

Hence, to ascertain the number of digits in 
the square root of a perfect square, mark of! the 
digits in pairs, beginning from the right. Each 
pair marked otf gives a digit in the square root ; 
and, if there is an odd digit remaining, that 
digit also gives a digit in the s(juare root. 

Example 1. How many digits are there in 
the square root of 5+6121 ? 

Marking pairs of digits from the right we get 
54,6l;2L 

There are, therefore, three digits in the square 
root. 

Example 2. How many digits are there in 
the square root of 5774409 ? 

Marking of! as before, we get 5J7,44,09, so 
that there are three pairs of digits, and one 
digit remaining. Hence, there are four digits 
in the square root. 


The method of 
hnding the square 
root of a given 
number depends on 
the form of the 
square of the sum 
of two numbers. 

Ck>ii8ider the 
number 25, f.e.. 



20 + 5. In the figure, let AB measure 25 units 
and BC 5 units. Then AO 20 units. Draw 
the square ABDE, and draw OF parallel to BD. 

Make BO = 5 units, and draw GK parallel 
to AB. Then it is easily seen that (1) ABDE 
contains 25- square units ; (2) BCHG contains 
5- Hqiiare units ; (.3) cac^h of the figures ACHK, 
GHF'D, contains 5 x 20 square units : (4) 

HKEF contains 20- square units. 

It follows that 

25- - (20 1 5)' — 20- I twice 20 x 5 l 5‘‘^. 

The result may lx? written in the form 
25- — 20- "f (twice 20 + 5) x 5. 

This is easily seen by transferring HGDF into 
the position shown by the dotted lines. For 
the square on AB is then equal to the two figures 
HKEF and LBGM. And, since AL -- 20 units, 
AC — 20 units, and (’15 = 5 units, therefore, 
LB — (twice 20 H- 5) units. Hence, the figure 
LBGM contains (twice 20 -i- 5) x 5 sq. units. 

142. Suppose wo are required to find the 
square root of 625. Marking off the digits, as 
in Art. 141, we see that there will be two digits 
in the square root. The greatest perfect square 
which is not greater than 6 is 4, i.e., 2-. Hence, 
2 is the hrst, or then’s, figure of the square 
root. Subtract, then, this 20- from 625. The 
remainder is 225. Now, by Art. 141, if our given 
number is a perfect square, this remainder must 
be equal to (twice 20 \ digit required) x that 
digit. Twice 20, or 40, is, therefore, a trial 
divisor. Now, 40 divided into 225 gives 5 for 
quotient. Wc therefore try whether (40 4 5) 
< 5 is equal to 225 ; and, finding this to be the 
case, wo know that 5 is the digit we wanted, and 
that the square root of 625 is 25. 

We shall now consider a somewhat longer 
example, and show the method in which the 
work is arranged. 

Example 1. Find the scpiare root of 74529. 

7,4529(200 + 70 4-3 
200 ‘^ - ±00 00 
3 45 29 

70 X (twice 200 + 70) -= 3 29 00 
"1629 

3 X (twice 270 + 3) = 16 29 

Explanation. We see that there will be three 
digits in the square root. The greatest square/ 
number loss than 7 is 4, t.e., 2'. Hence, 2 is 
the hundred's figure of the square root. We 
therefore subtract 200'^, and obtain a remainder 
34529. We now have twice 200, i.e„ 400, for 
a trial divisor; and 400 divided into 34529 
gives 80. By trial, we find 80 is too large, Binav 
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80 X (400 +80) is greater than 34529. We 
therefore try 70. This gives 70 x (400 -h 70) 
= 32900, and this, when subtracted from 34629, 
loaves 1629. 

We have now completed the subtraction of 
270'* from the original number, and found a 
remainder 1629. 

Next, use twice 270, i.fi., 540, for a trial 
divisor. 510 into 1629 gives 3. And 3 x (540 
+ 3) - 1629, so that, after subtraction, there 
is no remainder. 

Also, since (Art. 141 1 273“ 270- + (twicr? 

270 I 3) ' 3, we have now subtracted 273^* 
from the given number 74529. Hence, as 
there was no remainder, we know that 273- 
*- 74529, so that the required square root is 273. 


The working is abbreviated as follows : 

7,45/29(273 Ans. Explanation. As above, 
47)3 45 tjie first digit of 

54 3)16 29 answer is 2. Square 

* ’ ' 2, and subtract from 7, 

in one process. Remain- 
der is 3. Write the next pair of digits, 45, after 
the 3, giving 345. 


Double the digit of the answer, which has 
already been found, obtaining 4 as a trial 
divisor. 4 into 34 gives 8, which, as wc saw 
above, is too largo. Try 7. Tliis proves small 
enough, so we wTite the 7 after the 4 of our trial 
divisor, and put 7 into the answer. Multiply 
47 by 7 and subtract from 345. Remainder is 1 6. 
Bring down the remaining two digits, 29, of the 
given number. Double the 27 of the answer, 
obtaining 54 as trial divisor. ,54 into 162 
gives 3. Write 3 after the 64 and 3 in the 
answer. Multiply 543 by 3 and subtract from 
1629. There is no remainder, and 273 is the 
required square root. 


Example 2. Find (lie square root of 
2310-7249 

23^0*72,49,(48 '07 Anfi. Mark o(f the digits 

gg ) 7 10 ^ in pairs from the deri- 

9607 ) () 72 49 point. Proceed 

. in Example 1. 

After obtaining the 
first two figures of the square root-, 48, wo 
reach the decimal point in the given number. 
We therefore put a decimal point in the answer, 
and bring down the next two figures, 72. The 
trial divisor is 96, and 96 into 67 gives 0. Put 
0 in the answer, and bring down 49. The 
trial divisor is now 960, and this gives 7 for the 
remaining digit. 


143. In the case of a number which is not a 
perfect square, the process of finding the square 
root can be continued to as many decimal 
places as we please, but never terminates. 

The square root will not be a recurring deci- 
mal, for a recurring decimal can bo expressed 
as a vulgar fraction in its lowest terms ; and, 
if we square such a fraction, the numerator and 
denominator will still be prime to one another — 
«.e., the square is a fraction^ and so, of course, 
cannot be equal to the given number. 

I44rt 


Example. Find the value of v/2 t-o four places 
of decimals. 

2 (1-4142 Jiw. 

24)100 
281 ) 400 


2824)11900 
28282 ) 6(M0() 
*^T1836 


We consider that 2 is 
2*0000... and bring down 00 
at each stage of the work. 


A number such as ^2, or v5» which ca!\nnl 
be exactly expressed as a decimal is eallt-d an 
Jncommensurahle Number, or a Surd. 

144. To obtain the square Joot of a vulgai 
fraction we take the square root of the nunioratoi 
and the square root of the denominator. 

For, the square of } is J x i.e., Tliere- 
fore. 




/ 9 3 v'9 

■— - or ^ - 
16 4 VltV 

In the case of a mixed number, we reduce it 
to an improj>er fraction and proceed in the 
same way. 


Example 1. Find the square root of l9‘/!{. 

I - - 4 , 

Square root - - " 4ii ^4^^.v. 

If the denominator is not a })erfect square*, 
we multiply both numerator and denominator 
by such a niimlxu’ as will make the denominator 
a perfect square. 

Example 2. I’ind the square root of to 
three places of decimals. 


/3 ^ /3x5_. /i5 _ 3*872... 

\f 5“ V 5 > ' v' 25 ■ '"5' ■■■ 

: -- *774 ... ,la6*. 


145. Applications of Square Root. 

In the course on Geometry it will be proved 
that if one angle of a triangle is a right 
angle tlien the srpiare on 
the side opposite the 
right angle is equal to 
the sum of the squares 
on the other two sides. 
This property enables us 
to find the length of tlie third sicle of a right- 
angled triangle when we know the lengths of 
the other two sides. 



Thus, if the angle C is a right angle, and 
we know that BC — 3 and CA — 4, then 
AB+-3-^+4+-9+16-:26. 

AB-V25-6. 

Or, if wc know that AB — 37 and AC 35, 
then 

BC^ - AB‘^ - AC^ = 372 - 35-' 144. 

.*. BC= ^144 = 12. 

Example. How long is tho diagonal of a 
rectangular field whose length is 163 yd. and 
breadth 104 yd. ? 

The square of the diagonal = 163'^ + 104=* 

= 23409 + 10816 
= 34226. 

Diagonal = y/tU226 - 185 yd. Am, 
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I4f6. The fol- owing is a common type of 
problem in square root. 

Example. The members of a club each 
subscribed as many sixpences as there were 
members of the club. The total sum was 
£465 12s. Cd. How many meml>ers were there V 
£ 8. d. 

455 12 6 
20 

9li2 8. 

2 

1,82,25 sixpences (lJi5 members 
23) 82 
265 )13 25 

Explanation. Evidently the number of six- 
pences suVseribod is the square of the number 
of members. We therefore reduce the given sum 
to sixpences, and find the square root. 

Other problems will be met with after the 
chapter on Aread and Volumes. 

CUBE ROOT 

147. If we can find the prime factors of any 
perfect cube, we can write down its cube root 
by inspection. 

Example. Find the cube root of 74088. 

8 74088 

9 9261 74088 8 x 9 x 3 x 7 7 x 7 

3 1029 2 ‘ X 3 * X 7 '* 

7 343 V74088 2 x 3 x 7 

7 49 ~ 42 A ns. 

7 

148. Since 1^ ^ 1 and 10* ~ 1000, therefore, 
the cube of a number which lies between 1 and 
10 lies between 1 and 1000, i.e., the cube of a 
number of one digit contains either one, two, 
or three digits. 

Again, since W - 1000 and 100 * ^ 1000000, 
the cube of a number of two digits contains either 
four, five, or six digits. 

Proceeding in this way, we see that the cube 
of a number contains three times, or one less or 
two less than three times, as it a ly digits as the 
number. 

Hence, to find the number of digits in the 
cube root of a given number, we mark off the 
digits in sets of three, beginning at the decimal 
point, and marking both to the right and to the 
left. 

149. Tbp simplest method of finding the cube 
root of numbers whose prime factors are not 
knowp is analogous to the method of finding 
square root, being based upon the form of the 
cube of tlie sum of two numbers. 

The student can easily verify for himself 
that 

67®=6(P+3x 60*x 7 + 3x 60x 

= 6(P-f (3 X 60*+ 3 X 60 X 7 4- 7") x 7. 

If, then, from some given number, we first 
subtract 60**, and then subtract (3 x OO** + 3 x60 
x7+ t^x7, we shall, altogether, have sub- 
tracted 67®. If we now have no remainder we 
conclude that the .given number is 67®, f.e., 
that its, ottbe. root is 67. 

It ^ noticed that 3 x 60® is the same 

1 ^ < 


thing as 6^ x 300, and that 3 x 60 x 7 is the 
same as 6 x 30 x 7. In working examples we 
shall use the second of those forms, as there is 
possibly less chance of the student making any 
mistake in forming the “ trial divisors.” 

By multiplication we know that 67 * - 300763. 
Let us consider how, when we are only given 
the number .300763, we find that its cube root 
is 67. 

300J6.3(67 We first mark 
6‘*= ^6 off the digits in 

6‘^ ^ 300 - 10800; “84 763 threes, beginning 

6x30x7- 1260 ftt the decimal 

72 49] point — i. e. , in this 

12109 84 703 oas.-, at the right. 

hand digit. Next, 
we know that 216, and 7® ~ 343. Hence, 
since 300 lies between these numbers, we 
know that the first digit of our answer is 6. 
Write the 210 under the .300, and subtract. 
In reality, of course, we are subtracting 60* from 
300763. The remainder is 84763. We now 
form our trial divisor, by squaring the digit 
already found and multiplying by 300 [see aliove]. 
Thus, 6** x 3(K) - 10800. Now 10800 into 
84763 appears to give 7 for the next digit of our 
answer. We try 7, forming the rest of our 
divisor by taking 6 x 30 x 7 — 1260, and 7® 
- 49, and adding the three lines. 3’his gives 
12109, and, on subtracting 7 times 12109 from 
84763, there is no remainder. Hence, 67 is the . 
required cube root. 

Example. Find the cube root of 14706’126. 

14.70C 125,(24-5 Ans. 

2**- 8 
22 X 300 - 1200 6 706 
2x30x4- 240 
42=__ 16 

1456 5 824 

242 X 300 - 17‘1^6rj 882 125 
24 X 30 X 5 -- 360(}| 

.52-^ 25l 

1764251882 125 


Explanation. Mark off the digits in threes. 
By inspection, the first digit of the answer is 2. 
Subtract 2* from 14, obtaining remainder 6. 
Bring down the next set of digits, making 6706. 
Form the next divisor by taking 22 x 300 
== 1200. This, divided into 6706, would appeal 
to make the next digit of the answer be 5. If, 
however, we use 5, and complete the divisor, we 
find that 5 is too big. Try 4, viz., 2 x 30 
X 4 — 210, and 4*2 - 16. Adding, the divisor is 
1456. Subtract 4 times 1456 from 6700. The 
remainder is 882. Bring down the next set of 
digits, 125, and, since these digits form the deci- 
mal part of the given number, we put a decimal 
point in the answer. Proceed as before— 7 
i.c., square the part of the answer already 
found, and multiply by 300. Thus, 24^ x 300 
-- 172800. Dividing this into 882125 gives 5 
for quotient, and we complete the divisor by 
taking 24 x 30 X 6 = 3600, and 5** = 25, which, 
on addition, makes 176425. Subtract 5 times 
1704^ from 882)25» and tliere is no remainder. 
Hence thereqaired cube root is 24*5. ... 
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160. A great amount of labour can l>c saved 
in forming the trial divisors, aft^er the first. 
Thus, in the previous example, ihe second trial 
divisor, 172800, can be found without working 
out the value of 24’^ x 300. 

2 X 30x4— The rule is as follows: Ju 

" th(5 first divisor. alread.y 

1450 j obtained, repeat the 4- — 16, 
Repeat 4- — 16 j and add together every- 

24“ X 300 - i728b0 thing but the first trial 
divisor, 1200. Tliis gives 
1728. If ive now add two noufjhtH wp. ohtam 
the value of 24“ x 300. 

The necessary figures an^ shown above, 
bracketed together, but, of course, in actual 
work, w(? repeat the 16 mentally, and w^rite down 
nothing more than was shown in the working 
of the example. 

151. The cube root of a number which is not 
an exact cube, can be found to any recpiired 
number of decimal places. Tf the decimal 
part of the given number does not contain an 
exact number of sets of three digits, we simply 
put on ciphers to make up the set, and, of course, 
use throe ciphers for each succeeding set that 
may be required. 

Example. Find the cube root of 4*9500054051 
to four places of decimals. 

4 •959,005,405^ 1 00^ r7053. . . 
1 A m. 

1-2x300 -300~~3 959 
1x30x7 -210 
7‘2 40 

569 3 913 

1702 X 300 86700001 46 005 405 

170x30x5 - 25500 

52 - 25! 

86955251 43 477 625 


17052 X 300 r- 8721075002617 780 1 00 
1705x30x3- 153450 

32=:- 9 

8722601)592016 782 877 


997 223 


Explanation. After obtaining the first two 
figures, 17, of the answer, the remainder is 46. 
Bringing down the next three figures we obtain 
46095. Our trial divisor (obtained as already 
explained, by adding togetlier 210, 49, 559, and 
49, and affixing two noughts) is 86700. This, 
divided into 46095, evidently gives 0 for the 
next figure of the answer. Therefore, after 
putting 0 in the answer, we bring dow n the next 
three figures, and obtain 46095405. The (rial 
divisor is now 1702 x 300, which means we have 
.simply to put two more noughts on to the 86700 
already obtained. We then proceed as before. 
Our final trial divisor, inz., I7052 x 3(X) is 
obtained from the preceding divisor, by adding 
25500, 25, 8695525, 25, and affixing two noughts. 

EXAMPLES 18 

By the method of factors, find the value of 

1- s/74620. 2- s/4624. 

3. s/ 2Y300^. *• Vil3533. 

6. V18369744. 3- Vi620§76. 
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7. Find the square root of 98765 6329. 

' 8. Find the square root of 3| correct to three 
places of decimals. 

9. Find the cube root of 30950144, and of 
0260337 -400720047. 

10. Find the cube root of 

11. The side of a square is 5 ft. Find, to 
fhr(‘e places of decimals, the length of the 
diagonal. 

12. A man spent £19 5s. 4d. in buying books. 
On the average, each book cost as many; pence 
as there were books. How mayy boohs did 
he buy ? 

13. On a tour, a man spent each day 5 fimes 
as many six])ences as the number of days the 
tour lasted. If he spent, in all, £6 2s. 6d., how 
long did the tour last ? 

14. The foot of a ladder 50 ft. long is 14 ft. 
from the wall of a house, and its other end just 
reaches the top of a window. When the foot 
of the ladder is moved to a distance of 30 ft. 
from the wall, tlie other end just reaches the 
bottom of the window. VV^hat does the window 
moa.siire from top to bottom ? 

MEASUREMENT OF SURFACE 

152. Tlie table used for measuring area, or 
surface, is given on page 220. 

The chief surface with which we are concerned 
in arithmetic is the reetancjlc, 

A rectangle is a four-sided figure in which 
each side is equal in length to the opposite side, 
and each of the angles is a right angle. 

The lengtli and breadth of a rectangle are 
calk'd its aimenAiom. 

If the length and breadth of a rectangle are 
equal, the figure is eallod a square. We see, 
tlu*n, that the unit of surface, the square fo<ti 
mentioned in the tables, means a square surface, 
each of whose sides measures a linear foot. 
Similarly, a square surface which measures a 
linear inch on each side is called a square inch.- 
and a square surhice which measures a linear 
yard on each sid(* is called a square yard. 

153. The number of square^ feet (or inches, or 
yards) in the area of a rectangle is equal to tlie 
number of linear feet (or inches, or yards) in 
the length multiplied by the number of linear 
feet (or inches, or yards) in the breadth. 

This statement is usually abbreviated into 
lii-ngth x Breadth — Area. 

For, let ABCD be a rectangle whose length, 
AB, is 4 ft., and whose 
A B breadth, BC, is 3 ft. If 

wc draw lines parallel to 
AB, 1 ft. apart, and lines 
parallel to BC, 1 ft, apart, 
the rectangle will be divided 
into squares, each of which 
J) 0 is a .square foot. But there 

arc three rows of squares, 
and four squares in each row. Hence, the 
number of square feet in the area of the rect- 
angle is 3x4. 

164. Since, Length x Breadth - Area, it 
follows that. Length = Area -j- Breadth, and, 
Breadth — Area -5- Length. 
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If, then, we know any two of the quantities, 
lengtli, breadth, area, we can find tiie remaining 
one. 

Example 1. A plot of ground containing 
1 acre 44 yd. wide. What is its length ? 

Sinoe''4840 square yd. ~ 1 acre, the required 
length is 

~ lid yti- ' 

Example 2. It costs £5 10s. 8d. to carpet 
the floor of a room 21 ft. long with carpet at 
as. a square yard. What is the breadth of the 
room ? 

Here, the number of square yards in the floor 
is equal to the number of times .“Is. is contained 
in £5 10s. 3d. 

We must then be careful to divide the 
number of square yards in the floor by the 
number of yards in the length of the room, and 
not by the number of feet. 

Hence, 

Area of floor — square yd. 

lldi A 

— * square yd. 

Length of floor - 21 ft. 7 yd. 

Breadth of floor — yd. - yd. 

- 5jyd. 15 ft. Pin. 

Answers to Arithmetic 

Exampt.k.s 17 

1. 4J : 380 ; ; £102 : Reqd. Amnt. Hence, 
amount to be invested 

2. His income from CV)nHols 94 < £2J 

- £235. Therefore, income from 4 per cents. 
£235 4- £5 — £240. Amount obtained from 

sale of Consols - 94 x £90 £8400. But, £24U 

income from 4 per cents, requires £(249 v |00 
4) slock — £fl(X)0 stock. Hence £0000 stock 
costs £8460. Therefore £100 stuck costs £8460 
: 60 — £141 Ans. 

3. Income from £5775 in the 3 per cents. 
^ 57f X £3 =: £173^. (The price of the stock, 
£99, does not affect the question.) Price of the 
3J per cents. - 115^4-4 - 1 15J. Therefore, 
since 115^ must be invested to produce £35 
income, the amount which must be invested to 

produce £17.11 isf— = £5717 5». Am. 

4 . Net income from each £100 stock ^ £5 

- 5s. = £4|, To obtain an income of £3^ he has 


to invest £100. The price of the stock is the 
amount he has to invest to obtain an income of 
£4|. Hence, 3i : 4J ; ; £100 : Required price. 

Therefore, price — " ^26J Ans. y 

5. L.C^M. of 33 and 4.J. i.e.. of and 
is '*/*. Now, ‘7’ — 6 X 3J, or 5 x 44. Thus, 
£600 stock in 3J per cents, produces the same 
itivome as £500 stock in 45 per cents. But £600 
of first costs 6 x £90 — £540. Tiiej'cfore £500 
of second stock costs £540, so that price of 
stock - £540-^ 5 - £108 Ans. 


6. L.C.M. of 90 and 98 ^4410. The income 

from £4410 invested in 34 per cents, at 98 
^ ^4410 x_3i __ ^ .Similarly, 

we And that the income from £4410 invested in 
3 per cents, at 90 £3 x 49 - £147. Thus, 

if the sum invested had been £4410, the income 
is £105 greater in the first case than in tho 
second. If, then, the income is £15 greater, the 

amount invested is rn £6300 Ans. 

7. The change in income is that due to 
investing £4131 in 5^ per cents, at 119 instead 
of in 34 per cents, at 102. The income in the 

first of these cas?8 is £182.4. 1*^ 

the second ease it £141|. 

Hence he increases his total income by £182^ 
-£1413 - £40 10s. Ans. 

8. His income - 25 x £3 -- £75. If all his 
money was invested in the 3} per cents., his 

income would be ~ £78;3i]. This is 

£3;}:! greater than his actual income. Next, the 
L.C.M. of £1035 and £140 is found to be £4,340. 
This sum, invested in .'IJ per cents, gives an 
income of 42 x £33 — £1365. same sum 

invested in 4 per ctmts. gives 31 x £4 — £124. 
Thus, by investing £4340 in 4 per cents, instead 
of 3| per cents., the income would be reduced by 
£124. We have to find how much must be 
invested in 4 per cents, to reduce the income 
by £3;;'J. Tims, 124 : 3;1![ ; I £4340 : Requin^d 
amount. 


Required amount 


£1260. 

62 X 25 


Hence, £1260 is invested in 4 per cents, at 140, 
giving £900 stock ; and the remaining £1240 is 
invesUxi in 3^ per cents, at 1034, giving £1200 
stock. The answer is, therefore, £900 of 4 per 
cents, and £1200 of 3J per cents. 


Continued 
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THE REMAINING ELEMENTS 

Sulphur and the Halogens. Iodine and Life. Platinum and its Absorption 
of Gases. Copper, Silver, Gold, and Mercury. The New Alchemy 


By Dr. C. W. SALEEBY 


Sulphur. Tnlike oxyj^rn, this cloirient is 
a solid at ordinary temperatures. It has a 
yellow colour, is insoluble in water, has a 
lustre of its own quite distinct from metallic 
lustre, melts on heating, and assumes crystalline 
form undiu' certain conditions, two distinct 
Kinds of crystals being recognised, whilst 
under other conditions it is amorphous, and 
may even become elastic. Sulphur is thus 
a very conspicuous illustration of the chemical 
property which is enWad allotropism, or allolropy, 
and has already been discussed. Both as a 
liquid and as a gas sulphur exhibits similar 
jnoperties. We have already noticed tliat, in 
the ease of the gas, conditions of temperature 
d(‘tcrminc whidhcr the sulphur molecule has 
the formula S,. or the mon^ familiar formula 
S.j. Tins clement is found in the native state in 
Sicily and in other volcanic regions, and a large 
proportion of the sulphur in commercial use is 
obtained from these native deposits. Iron 
pyrites also yields a certain amount of com- 
mercial sulphur. 

An Important Ingredient of Living 
Matter. This clement is of very great interest 
from many points of view ; it has for long been 
regarded as an absolutely essential constituent 
of living matter, ranking in this res])eet with 
carbon, oxygon, nitrogen, and liydrogon. Stmie 
very recent exfwrimcnts by Dr. Charlton 
Bastian, F.K.S., appear to sIioav tliat sulphur 
may, however, not be essential as these four 
other elements are — that is to say, that certain 
very lowly forms of life may possibly survives 
without it. Tuis uncertain exception apart, 
sulphur must certainly be regarded as a most 
important ingredient of living matter, and, 
therefore, of the food of all living things. It is 
taken up by the plant in the form of the eom- 
pound.s called sulphates, and is built up into 
various complex compounds that arc of use 
to animals, which live either upon plants 
directly, or upon other animals, which, in their 
turn, live upon plants. 

Sulphur also has very marked uses, though 
with a comparatively small range, in medicine. 
Whether applied externally, as in the form of an 
ointment, or taken by the mouth, sulphur owes 
all its medicinal actions and virtues to its 
formation in the body of compounds, the 
essential constituent of which is its compound 
with oxygen (SO.^). This compound is really the 
anhydride of an acid, sulphurous acid, which has 
the formula and which is to be carefully 

distinguished from the more familiar suljjhuric 
acid, which is more completely oxidised, and 
thus has the formula 11^804. These will be 
discussed later. 

UH . 


The Halogens. The derivation of this 
term has already been explained, and the four 
memlKws of this very well defined group of 
elements have been named fluorine^ chlorine, 
hrotnme, iodine. These arc all chemically 
active in a high degree, and none of them is 
found free in nature. 

Fluorine. Fluorine is found chiefly ii. 
the form of Huorides, such as calcium fluoride, 
often called fluor-spar ((ViF.j), and cryolite, 
the double fluoride of sodium and aluminium. 
Minute Irnees of calcium fluoride occur in the 
teetli, but arc probably not to he looked upon 
as more than accidental ; traces of this salt 
arc also occasionally found in the bones. 
Scarcely twenty years luive (*laj>si*d since this 
element was isolated by electrolysis. When 
ol)taine<l in elemental form it is found to he a 
gas witli a faint greenish colour — though, 
perha[)s, pure fluorine has scarcely any colour 
at all — and makes violent chemical attacks upon 
almost ev(‘ry known substance, oxygen and 
nitrogi*n, however, being conspicuous excep- 
tions. Hence it is an exceedingly difficult 
element to keep in its elemental form. Indeed, 
there is no known material of which to mak(‘ 
vess(*ls that will not be susceptible to its attacks. 
The iK'st substance appears to be an alloy of the 
two rare metals, platinum and iridium. By far 
the most imjiortant compound formed by this 
element is known as hydrofluoric acid, which has 
the formula HF. This acid exactly correspond^ 
to the most, important acids formed by the 
other halogens — namely, hydrochloric acid( H( T ), 
hydrobromic acid ( H Br). and hydriodic acid ( HI) . 
Tiic great French clicmist who first isolated tin 
element, M. Moissan, and Sir James Dew'ar, 
arc noted for their reseanjhes in regard to 
the pro])crtics of fluorine, and to their dis- 
coveries there has recently beep added tlie 
interesting demonstration that certain chemical 
actions can occur even at extremely low tem- 
peratun's. Notable among these is tlio union 
of hydrogen and fluorine to form hydrofluoric 
acid. It had been supposed that at very low' 
temjKu atures, such as that of liquid air, chemical 
atdion could scarcely occur, but it has now been 
shown that tliore yet remains for the chemist a 
hitherto unexplored region of the greatest 
importance, w'hich Sir James Dewar calls Imr 
temperaJlure, chemistry. 

Chlorine. Chlorine is also a gas, with a 
decided yellow-green colour, to which it owes its 
name (Greek — cMoros, green). It has a number 
of uses, and has to be obtained from its com- 
pounds in sea- water and elsewhere. The only 
method of its preparation that need be quoted 
is that w'hich depends upon the interaction of 
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liydrochloric acid and the dioxide of manganese. 
What happens is that the oxygon of the latter 
turns out the chlorine from the hydrochloric 
acid, some of the chlorine combining with tin* 
manganese and some going free. The following 
etiuatioh represents the action : 

MnOo 4 4 HCl - MnCl, 4 2 H.,0 + Cl.,. 

Like fluorine, though in less degree, this ele- 
ment is chemically very energetic, and in its 
undiluted state is scarcely less dangtTous to 
work with. Pressure and cold readily convert 
it into a yellow liquid or solid. Also, lik<‘ 
fluorine, it has groat affinities for hydrogen, and 
will actually take this clement — with Avhich it 
forms hydrochloric acid (HCl) — not only from 
organic compounds which contain it, but also 
from its extremely powerful combination with 
oxygen to form water. Thus, while chlorine is 
soluble in water, it very readily decomposes tlu* 
solvent, keeping the hydrogen and displacing 
the oxygen. This oxygen, at the moment of 
displacing, is nascentf and has the propfU’ties of 
any nascent element, as we showed when dis- 
cussing jxjroxide of hydrogen. Hence, chlorine 
is, though so indirectly, one of the most powerful 
of all oxidising agents in virtue of its power of 
liberating nascent oxygen from water and other 
substances. This property of (flilorine is chiefly 
used in order to blench various materials, which it 
does by thus oxidising and altering the colouring 
matters that they may contain . The explanation 
wc have given of the oxidising properties of 
chlorine will enable the reader to understand why 
the dry gas has no such properties. Chlorine is 
inimical to every form of life, and is thus probably 
the most certain and searching of all known disin- 
fectants. This property also doubtless dep(;nds 
upon its oxidising action. Nevertheless, chlorine, 
when combined with other elements, has very 
different relations to living matter, for certain 
chlorides — especially sodium chloride, or common 
salt (NaCl) — are important constituents of the 
food of practically every living thing. 

Bromine. As we advance in the series of 
the halogens, we pass from bodies which are 
gaseous at ordinary temperatures to one whi(;h 
is a liquid at those t<3mporatures, and finally to 
one which is solid. Brominf., the third member 
of the series, is a liquid (with a deep red colour), 
that readily evaporates, producing a gas which 
has a disagreeable smell (Greek — hromos, a stink). 
Tn general, its properties closely resemble those 
of tli» previous members of the series. It occurs 
in nature mainly in the form of bromides, many 
of which are of importance in medicine, in 
photography, and for other purposes. 

Iodine* Iodine is a dark crystalline solid at 
ordinary temperatures, but readily evaporates, 
forming a violet coloured gas. It is much 
loss soluble in water than its predecessors ; 
the vapour is very irritant, and hiuj a similar 
action on the lungs and air passages to that 
exerted by the other halogens. While chlorine 
is of great use in medicine, indirectly, in virtue 
of its extremely marked antiseptic properties, 
iodine is used in medicine directly, occasionally 
internally and very frequently externally. It 


is still more valuable in the form of its salts, 
especially the iodides, such as the iodide of 
potassium (KI), which is obviously a salt derived 
from the hydriodic acid, previously mentioned. 

Iodine and Living Tissues. When 
iodine, in its elemental form, is brought into 
contact with living tissues it exercises very 
marked actions. 1'hese are best illustrated by 
a (‘onsideration of what happens Avhen a not too 
.strong solution of iodine is |)ainted on the skin. 
l)oubtle.ss the element iiiKh'rgoes rapid com- 
bination with certain of the tissues of the skin. 
Tn one form or other, it is certainly capable of 
being absorbed, and of exerting marked actions 
upon tissues lying at a considerable dc*ptb 
beneath the siirffiee of the skin — almost, iis laiufli 
.so as if elemental iodine had been applied 
directly to them. In the language of medicine, 
elemental iodine and some of its compounds 
are said to act as aUcratiiu's, the reason being 
that they seem to produce very marked chang(3s 
in the behaviour of various tissues. These 
changes are often so profound and extensive as 
to be quite tmt of proportion, it w'ould appear, 
to the relatively small amount of substance that 
produc!es them. Tfenee it seems probable that 
the action of such a substance as iodine may be 
comparable in some small measure^ to the 
behaviour of oxide of barium, w'hich is used, as 
we recently saw\ in the commercial process for 
the obtaining of oxygon. 

Mysterious Fewer of Iodine. We 
have seen how chlorine acts as an oxidising 
agent, and it seems probable that iodine, whether 
in its elemental form or as an iodide, must have 
the power of transferring oxygen from place to 
place, or act ing as a so-called oxygen carrier, being 
thus able, even in very .small quantities, to do a 
very large amount of work, just like the oxidt5 of 
barium, which helps itself to an extra supply of 
oxygen, dispo.^es of it, and thus is able to repeat 
the proee.ss indetiniU'ly. Of courses, in the 
example we have quotc'd, the conditions of 
t(Mnp(‘ruture and pressure are alt-ered by an 
agency from witliout ; but it is quite conceivable 
that there may be a similar automatic mechanism 
in tlie body which enables iodim; to act as it does. 

The further and final stag(3 in the illu.stration of 
the sort of process we are describing is furnislH'd 
by the ferments, that extraordinary group of 
substances, the property of which is that, by 
their mere presence, and without undergoing 
any change in themselves, they are able to cause 
tlie most marked chemical changes in other 
substances with wffiich they are in contact. Wt* 
are far from supposing that the above sentences 
offer a chemical explanation of tlie properties of 
iodine, or of any other alterative substam^e : 
but it is, in effect, the explanation which is 
advanced by one of the very greatest .students 
of the chemical interactions between such sub- 
stances as iodine and the living body — Professor 
Binz, of Bonn. It was not necesssaryto refer 
to the method by which bromine may be 
obtained in its elemental form, since elemental 
bromine is of small utility, and since the 
process is essentially the same as that by 
which iodine is prepared. It was in the 
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substanco called kelp^ variously defined as sea- 
weed, or the ash of the seaweed, that iodine 
was first discovered. The plant obtains it from 
the sea-water in which it lives, and obtains 
bromine in like manm*r. When the ash is 
distilled with sulphuric acid and the now 
familiar dioxidi* of manganese, first the iodine 
comes away, and tlien the bromine. 

The Halogens and the Periodic Law. 
It is now liardly nec(‘ssary to say that tin* 
whole series of halogens olTers excellent con- 
lirmation of the periodic; law^ of MendeleetT, 
and that tlie chemical propert ic's of these bodies, 
the conditions under which their compounds are 
formed, and tlicir reactions gimerally, correspond 
ill an extremely significant degree; to the proper- 
tic's which might have been assumc'd for them 
by anyone who had nothing hut the* periodic 
law from w^hieh to argue. For instance, the 
atomic weight, the boiling point, the specific 
gravity, the tempc'rature at which combination 
occurs W'ith hydiogen, and a whcjle series of 
further propcrtic's, follow' definite gradations in 
the case of tliese four elements, ft is not im- 
probable that this group will alTord the most 
valuables liclp to the ehc'mist and the physicist 
in their most, recent and most important enter- 
prise, which is the attempt to infer, from what 
they know of the various elements, tlu' details 
of the atomic structure or architecture of those 
elements and the exact manner in which, for 
instance, the atom of chlorine differs from, ytd 
resembles, the atom of fluorine, while tlu; 
difference between the two must consist in 
some detail of structure which is perhaps 
repeated or doubled in order to get the further 
differences represented by the bromine atom, 
and lastly by th(‘ atom of iodine. 

Peculiar Properties of Platinum. 
Phitiiium is a very rare and precious metallic 
element. ( ’hemically, it may be grouped with 
another metal, palladium, and with certain 
others of very small importance in themselves, 
sueli as usmium, rhodium, ruthenium, iridium. 
These elements occur in nature uncomhined, and 
in the metallic state, usually in the form of tiny 
grains in the sands of certain rivers. Platinum 
is thus found in California and South America, 
Australia, and the Ural Mountains. The jh-o- 
ccsses by which these metals arc obtained in any 
quantity in the pure state are extremely difficult 
and complicated. When at last metallic plati- 
num is obtained in a form that can he manipu- 
lated, it is found to be a white, lustrous, silvery 
metal of a very great weight (its atomic weight 
is nearly and having a number of very 

important physical properties. For instance, it 
is extremely ditfieiilt to fuse -or melt, requiring 
no less than the temperature produced by the 
immediate union of oxygen and hydrog('n in the 
oxy -hydrogen blowpipe. Readers of the course 
on Physics will understand w'hat is meant when 
we say that this rare metal has extreme tenacity, 
is very malleable, and very ductile. It does not 
oxidise even when heated in pure oxygen ; strong 
mineral acids do not affect it, nor is it acted upon 
by moist air. For all these reasons, platinum is 
very extensively used in various chemical opera- 
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i ions, especially when it is required to deal with 
powerfully corrosive liquids, such as sulphuric 
acid and hydrofluoric acid, or when any great 
heat is required. The metal can bo cast and 
forged, and can also he welded ; furthermore, 
it expands under the influence of heat only very 
slightly, so that when it is fused through glass, as, 
for instance, in the ordinary incandescent electric- 
lamp, alterations in temperature cause the 
platinum and the glass to expand or contra(;t 
proportionately, so that the glass is not cracked 
by the expanding metal when the lamp is lit. 

Absorption of Gases by Platinum. 
In a previous chapter we made some reference 
to the remarkable pro^X'rty y)ossessed by some* 
substances of absorbing gases within them. 
Uharcoal is a conspicuous and familiar instancf* 
of a substance which has this power. It is to be 
renu'in bored also that there is more than a merely 
yihysieal absorption of the gas, since*, in the case* 
of oxygen tlie result of this ahsorjition is 
to increase its ehcnii(;al activity. Hence it 
seems probable that the molecular arrangement 
of the gas is disturbed. Now, platinum, when 
liiiely divided and forming the black powder 
platinum black, has this property of condon.sing 
gases in it to an extraordinary degree;, being able 
to absorb, for inst mee, some hundreds of times 
its own volume of oxygen. 

Another form of platinum, called ’Spongy pluti- 
nurn., and also the ])latinum black of which \ve 
have already spok(‘n, are able to imluee chemical 
actions, siu li, for instance, as the dir(;ct union of 
oxygen and hydrogen at ordinary tempera- 
tures — whicfi is explicable if we accept the 
view that the condensation of such gases within 
th(‘ir pores is more than a merely physical act, 
and implies a change in the molecular constitu- 
tion of the gases, so that they become practically 
as ohemieally aetivi; as if they were nascent. 
Very probably, indeed, they are naJiicent, in the 
sense that a large numlx'r of their molecules 
an* broken u[), so tJiat unpartnered atoms of 
oxygen and hydrogen are wandering about, 
being thus more ready to effect chemical com- 
binations with foreign atoms than if they went 
about with each other in pairs, as they do 
in the molecules of these gases in ordinary 
conditions. 

The Last Group of Metals. Finally, 
we must discuss a very important group of 
metallic elements consisting of copper^ silver, 
gold, and mercury. We may take these elements 
together, even although they do not exactly 
fall into a group in the table of the periodic 
law published by Mcndelccff in 1904. When 
we were discussing the atmosphere, we saw that 
the new group of gases discovered in the air by 
Lord Rayleigh and Sir William Ramsay— 
helium (already known elsewhere), neon, argon, 
krypton, xenon — must now be regarded as the 
zero group of the elements. Not one of these 
gases has any combining power at all, so far 
as can be made out. Group one of the elements 
has already been partly discussed. Its members 
have combining power, each atom of any 
typical one of them having, so to speak, one arm. 
and being therefore called monovalent. Tht* 
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members of this group, in the order of their 
atomic weight,, are hydrogen, lithium, sodium, 
potassium, copper, rubidium, silver, caesium, 
and gold, and the reader will notice that the 
lighter members of the groups have already been 
considered. Ij^oring the very unimportant 
elements, rubidium and caisium, we are 
therefore left with copper, silver, and gold. 
According to Mendolecff, mercury, which has 
so many remarkable i)eculiarities, belongs not 
really t-o this group at all, but to group two. 
We are bound to note iliis fact ; yet we may 
conveniently adhere to the long-established 
arrangement and discuss mercury together with 
the other three elements we have named. 

What Makes Copper Valuable. All 
these four elcmcmts are found in the elemental 
state in nature. But the first of them, 
copper, more commonly occurs in combina- 
tion either w'ith oxygen or W'ith sulphur. 
It is very readily obtained from its oxide by the 
now familiar employment of carbon, in the form 
of charcoal or coke, which takes the oxygen 
to itself and leaves metallie copper behind. Or 
copper may bo displaced from the familiar salt 
known as coppiu' sulphate (CuSOj) by means 
of iron, wdiich forms sulphate of iron (FeSo,). 
the copper Ix^ing precipitated ; and a third 
method of obtaining metallic copper consist 3 in 
an interaction between the sulphide and the 
oxide. 1110 sulphur and oxygen of these 
respectively, ei^mbine to form the gas sulphurous 
anhydride, or sulphur dioxide (SOo), metallie 
copper being left behind. 

This extremely valuable metal has a dis- 
tinctive colour, an atomic weight of rather more 
than 63, but a very small degree of hardness. 
It is very malleabh*, tenacious, and ductile 
[see Physioh], is fusible — that is to say, melts — 
at a red heat, and is an excellent conductor both 
of heat and electricity. In this last resj)ect, as 
in the others, it resembles silver and gold, but 
being mtjch cheaper than eithcT of these metals, 
it is naturally preferred to them as a material 
for wires to convey electric currents. In electric 
conductivity copper is second only to silver ; but 
it must be extremely pure copper, its electric 
conductivity being very greatly reduced by cvc'u 
very small traces of foreign sul>stances. Ilcnce, 
the methods of obtaining metallic copper above 
mentioned have to be abandontxl and electro- 
lysis substituted when copper is required for 
electrical purposes. 

Bronxe. Amidst all these valuable physical 
properties of copper it is to be noted that there is 
one — viz., its relative softness — which interferes 
with its utility for many purposes. But when 
copper forms an alloy with tin there is obtained 
the substance called bronze, which is very 
much harder. Bronze has been knowm since 
veiy early times; and the student of w^hat we 
are now learning to call pre-history speaks, as 
we saw in the first chapter of this course, of the 
Bronze Age, which succeeded the St^ne Age, and 
marked a great advance in civilisation, largely 
dependent upon the newly acquired knowl^ge 
of manipulating bronze, and was in its own turn 
succeeded by the Iron Age. Thus, this element. 


copper, has its own sjxjcial interest for the 
philosophic student of the means by which man 
gradually emerged from primitive savagery. 
Here we may Jilso note that in recent years it has 
been discovered that the addition of a small 
<juantity of phos})horiis to bronzh, producing 
the alloy called phosphor bronze, greatly increases 
its hardness and gives it a new' value as a material 
for cog-wheels and other parts of machini's 
where great hardness is desirable. It is the 
opinion of Lord Avebury — jxirhaps l)etter known 
as Sir John Lubbock — that the use of copper 
was not introduced into Furope at all until it 
had first been discovered somewhere in the Fast 
that a much more valuable substance could be 
produced by the addition of a small quantity 
of tin to it — that is to say, by the making of 
the alloy called bronze. The alloys of copper 
now in use are very numerous— about 70 per 
cent, of copper and 30 i)er e('nt. of zinc forming 
brass — whilst there are various modifications 
of bronze besides phosphor bronze*, tluj aluminium 
bronzes and (Jerman or nickel silver, the alloy 
of copper and zinc, to which rehu’ence has already 
been made. 

Copper and the Human Body. 

Minute traces of this clement are not infrequently 
found in the human body, yet it is certainly 
not to bo regardiid as a desirable constituent 
of the body, but rather as a more or less un- 
desirable foreign substance wViich has gained 
access to it by means of thc! food. Salts of this 
ih(‘tal are often used in order to make more 
vivid the green colour of vegetables, such as 
bottled peas, and the question arises whether 
the use of copper for this purpose is at all justifi- 
able. There is good reason to believe that if 
the quantity employed is very small — though 
quite large enough for the purpose— it has no 
injurious action upon the body, ctiptxT being 
exceedingly difficult to absorb, so that even if 
moderate quantities are frequently swallowed 
no harm is done. So far as acute jioisoning 
from copper is etiiux'inod, the risks are also very 
much loss than is commonly supposed, and the 
smallness of the risk of chronic copix;r poisoning 
may l)e estimated from the fact that there is no 
proof of this having oec.iuTed even amongst 
w'orkmen engaged in thc manufacture of 
verdigris, whicli is the a(!etate of eop|K‘r. 

Silver. This precious and familiar element 
occurs, as we have aln'july stated, in its / men- 
tal form in nature, and is also froquentiy found 
in combination with sulphur, the sulphide of 
silver being known as silver glance. It also is 
found in union with mercury in various parts 
of the world. Wo have purposely avoided the 
use of the word combination, which would beg 
the question whether this body is really to l>e 
regarded as a eompound or as a mixture. Its 
composition varies, and wc know^ that the com- 
position of a true compound is absolutely 
invariable. But on the other hand this amalgam, 
as it is called, is crystalline, and the relations of 
the elements in it must probably be regarded as 
more than a mere mixture. 

The appearance of the metal and its capacity 
for taking a high lustre arc familiar ; like 
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copper, it is very ductile, malleable, and a good 
conductor of heat and electricity. Also like 
copper — ^and the same applies to gold — it is not 
oxidised by the air, no matter whether moisture 
be present ,pr not. (.^opper, however, can be 
oxidised at a red heat, but silver only at a much 
higher temperature and under great pressure, 
while gold cannot be made to unite with oxygen 
directly at all. dhe marked stability of these 
metals led them to be (tailed, in former days, the 
“ noble metals ” ; they vary in their nobility, 
liowever, as we have already seen, and even at 
ordinary temperatures silver loses its lustre and 
its purity in the presence of compounds of 
s\dpliur, such as the gas called sulphuretted 
hydrogen (HoS), or the gas wo have already 
mentioned, sulphur dioxide (S().^). This change 
is due to a formation of a thin film of the black 
sidphide of silver. A curious illustration of 
this property of silver is furnished by the 
consequences not infrequently observed when 
(’onsiderablt^ doses of sulpliur arc being given 
medicinally to people who wear silver ornaments, 
such as bangles, next to the skin. In such 
cases the patient is sometimes puzzled to ktiow 
why the bangle cannot be kept clean ; its 
blackening is due to the fatd that some of the 
sulphur given to the patient is pas.sed through 
the skin, in various forms, which attack the 
surface of the silver and cause (he formation of 
a thin layer of the black sulphide. 

Roiidcrs of the course on Physics are now 
familiar with the “ three stales of matter,” 
and will not be surprised to hear that at sufii- 
eiontly high temperatures silver is found in 
the form of a bluish gas. This fact is almost 
as surprising to some people as is the fact that 
air may be obtained in the form of a licpiid that 
looks like w^ater, or a solid that looks like icc. 

The Nobility ” of Gold. This more or 
loss familiar clement is closely allied in its 
properties to those w e have previously discussed. 
It is pre-eminently the noble metal, remaining 
unchanged in the presence of even moist air, and, 
indeed, declining to undergo direxjt oxidation 
under any conditions whatever; it is very ductile, 
tenacious, and malleable. ( ’opper, silver, and gold, 
indeed, are all so malleable that they (lan be 
beaten into lilms that w ill transmit light, and the 
thinness to which gold-leaf may Ije reduced is 
aim incredible. A reference to the table in an 
early ' sson w ill remind the reader of the very 
great w^eight of gold. Its atomic weight is 
rather more than 197. Tliougli gold is so scarce, 
has such a fine lustre, is so ” noble,” and is the 
only yellow metallic element, it is by no means 
the dearest of the elements. Compared with 
radium, for instance, it is ” dirt cheap.” It is 
even more resistant to chemical action than the 
other meml)ers of this group. The powerful 
acids, for instance, such as hydrochloric, nitric, 
and sulphuric acids, will each dissolve copper, 
but the only means by which gold may be 
made to yield to them is by the combined action 
of nitric and liydrochloric acid. The mixture 
of these two acids, being able to dissolve gold. 


has Ixion known for many centuries as aqua 
regia, which we may translate as the regal fluid. 
The compound which is formed when gold i.s 
thus dissolved is called auric chloride, and has 
the formula AuC’g. 

Gold occurs in nature chiefly in its elemental 
state ; its distribution is very wide, though the 
total quantity is so small. For instance, it 
occurs in minute quantities in iron pyrites (FcS.^). 
and in galena, the sulphide; of lead (PbS), of whiclj 
we have already made the acquaintance. Ex- 
tremely minute Xraces arc found in sea-water. 

The Possible Making of Gold. Wo 

are all familiar w ith the fact that the alchemists 
spent long years in seeking the philosopher’s 
stone wliich would turn all the base metals 
into gold. Probably every reader in his time 
has had his laugh at these vain efforts ; and 
certainly we may agree that there is no stuli 
philosopher's stone. But we arc now coming 
to sec that the {ilclicmists were not so far wrong 
after all. Tliey l)eli(;vcd that under the differ- 
ences which the elements display there must Ix' 
an essential similarity, and we now know that 
they were right. It is especially that extra- 
ordinary element radium, of which we shall 
hav<‘ much to say Inter on, that has taught 
us to regard the transmutation of the elements 
not merely as possible, but as, in at least two 
known cases, an observed and proven fact. So 
far, all the evidenet* of such changes that has 
been established is concerned with what we 
may call downward changes — that is to say, 
changes from heavier and more complex elements 
towards lighter and simpler ones. On the other 
hand, there is no theoretical impossibility in 
the performarujo of the reverse process, such as, 
for instance, th(‘ building up of heavy and 
complex-atomed elcmcuits such as gold from 
simpler ones. There is, indeed, every indication 
that chemistry is now upon the brink of (piile 
incalculable possibilities ; it was at these that 
the discov(‘rer of radium, M. Curie, was hinting 
wdien he recently came ovi'r from Paris to receive 
a gold medal from the Royal Society. In 
acknowledging the honour that had been paid 
him lu' jokingly remark(;d that he would do his 
best to S(;e whether he could not turn the me-lal 
into radium. Ten years ago such a remark 
would have been a pointless absurdity, but now 
it is very significant. The work of Madame 
Curie and others has shown us that the atomic 
w eight of radium is heavier than that of gold ; 
and if the reader remembers what we have said 
as to the comparative probability of building 
up heavy elements from light ones, and vice 
versd, he will see that if gold or any other 
element, often of far more intrinsic value than 
gold, is to be produced by transmutation, the 
element to be transmuted is more likely to be 
one that is more complex and heavier than 
gold. It will not be long before phrases like 
“ analysis of the elements ” and “ sjmthesis 
of the elements ” make their appearance in 
text-books. We are on the brink of the New 
Alchemy, 


Continued 
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By Professor HENRY ADAMS 


IT will be useful, befon? stuc'yin^ the details 
of any one class of oonslrucil.)n, to obtain a 
general idea of the various materials employed 
and the modes of using them. 

Earth worK. Excluding the use of earth- 
work in military defences, earthwork may be said 
to be used only in embankments in one form 
or another, and of those, railway embankments 
form the largest proportion. In designing rail- 
ways, endeavour is made to obtain the minimum 
gradients, and at the same time to arrange the 
levels so that the amount of material ref|uired 
to form embankments may equal the amount 
exeavatod in forming the euttings. If surplus 
material be (‘xeavated spoil banks have to be 
formed to rid of it. Tlu'so are filled np to rail 
level, and may soim^times be utilised in forming 
sidings, but often they are so much wastes ; while 
if there he a deneiency of material from the cut- 
tings it is necessary to obtain a supply from 
elsewhere at an imu’eased (•ost. 'I'he side slopes 
will depend upon the nature of the matcuial. 
In solid rock the sides may Im^ vertical ; in 
chalk, which is soft rock, they may be nearly 
vortical ; in gravel and compact earth they 
may be 1 to J , or 1 .J to I —that is, 1 J horizontal 
to 1 vertical ; and in eJay they niijy need 
to be as Hat as 2,J to 1, or IMo 1. A general 
average may be taken for the side slopes of 
IJ to 1, both in cutting and embankment. 
As a railway embanknuuit starts from a cutting 
with no vertical height and increases in depth 
until the centre of the valley is reached, the 
most convenient method is to tip the material 
forward, over the requisite width. For a single 
line of railw^ay two tips in the width may be 
sutfieumt, but for a double lino of rails w'lih a 
surface width of, say, 26 ft., four tips will \n' 
necessary, otherwise tlio material will roll from 
the centre outwards and the embankment 
will be liable to slips. 

A Icngitudiiml section through the embank- 
ment should show the layers in lines inclined 
forwail’d from the cutting f 1], while a cross-section 
should show the layers in lines |2J. Wherever 
a stream crosses the line at the bottom of a 
valley, or on the side of a hill, a culvert has to be 
formed to allow of the passage of the water 
d\iring and after completion. This may be 
merely a wooden box -like, trough, or may be 
like a miniature tunnel in brickwork or maxsonry. 
fn either case it has to be formexl before the 
embankment is carried over it, and, to prevent 
pushing it over, it is necessary to tip on both 
sides of it until it is fairly covered. 

Settling of Earthwork. The cxca< 
vated material occupies more space than it 
did l)efore it w^as disturbed, the increase in bulk 


averaging as follows: (Jravel, 7 per cent. ; ginvcl 
and sand mixed, 8 paT cent. ; ckyey earths, 
10 per cent. ; light, loamy soils, 12 per cent ; 
soft rock, .‘10 per cent. ; hard rock. 40 p('r cent. 
After the embankment is made it naturally 
cons()liclatt‘S by the action of the weather and 
the clllux of time: tkuierally, with the ordinary 
materials, .3 or 4 in. additional height for every 
6 ft. in depth is allowed for settlement, other- 
wises the embankment must be made uj) to keep 
it to “grade level.*’ Kankine says - “ Km- 
bankmeiits settle aftiu* their tirst forniiation 

seldom less than om* twelfth and 

seldom moie than onc-lifth of the original 
hciglit.*’ But this greatly depends ujxm the 
amount, of rainfall during the construetion ; 
dry lumpy soil leaves most vacant spaces. The 
ballast to form th(* road is generally Hint gravel, 
slag, broken stone, or burnt clay, to obtain bett(‘r 
resistance to tlie action of the weather. 

Earth Dams. 1’le‘se an^ embankm<'nts 
formed at the mouth of a valley to shut in the 
wat<‘r in forming an impounding reservoir. The 
general section is as sliown in 3, where the dotted 
lines indicate th(‘ slope of the layers in the forma- 
tion of the embankment. The essential feature is 
an impervious w'all of pnddkal clay in the centre 
to prev’ent the jxcreolation of water from one side 
to the otluT, the smallest leak being extremely 
dangerous. Selected material i.s placed next 
and almost any kind is used outside to give the 
mass necessary for stability. The puddled 
clay must be suftieiently protected on the top 
to avoid any possibility of drying and consequent 
cracking. 4lie outer and inner slopes depend 
somewhat on tlie natural slope due to (he material, 
hut they an* usually 3 to 1 on the inner or wat<*r 
side, and 2 to 1 on the outer side. 

At the back of any retaining wall the earth 
must be benched out as in 4. and the material 
that is filled in must bo rammed in layers 
inclined from the wall. It will thus be seen 
that in every ease particular care must be taken 
to rniriiiniso the t(*mh‘ney to slip. 

Concrete. Fouerete is made in two 
main varieties — linu*. concrete and Portland 
cement conereti*. Lime concrete is the cheaper 
and is used only in foundations, but is of no 
more utility than a similar amount of gravel, 
and in damp situations may even be worse. 
Wherever it is necessary to use any concrete, 
Portland cement should be employed, but an 
exception may be made in favour of Lias lime 
concrete where this is rtadily [>rocurable. 
Cement concrete consists of 1 part of Portland 
cement, by measure, to 1 or 2 parts of sand as 
the matrix, and 4 to 8 parts of broken brick or 
stone, flint pebbles, clinker, coke breeze or other 
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hard maU?rial as the aggregate, varying in size 
a(.*cording to the purpose. The theory of the 
mixture is that the spaces between the larger 
pieces of the aggregate should be entirely filled by 
the smaller pieces, tliat tlie spaces still existing 
should be filled by the sand, and that the whole 
of these materially including the sand, should be 
thoroughly coated with the cement, and form a 
solid mass which shall offer great resistance to 
compression. Other things being equal, the 
resistance will vary w'ith the ratio of cement to 
ftggrcgali\ For suspended eoncroto floors and 
for thin concrete walls, a mixture of 1 to 4 is 
used, and the largest pieces of the aggregate 
must not exceed I in. in any dimension. 

Complete cottages and I docks of industrial 
dwellings have been built entirely of concrete, 
hut they are not popular. It is difficult to pre- 
vent the walls from cracking, the rooms arc said 
to Ix) cold and cheerless, to echo considerably, 
and to have moisture deposit-cd on their surfaces, 
due to their non-ahsorbent idiaraoter, upon a 
sudden rise of temperature. For heavy retain- 
ing walls [5] and foundations the mixture may 
vary from 1 to 6 up to 1 to 8, according 
to circumstances, and the largest pieces should 
pass a 2-inch ring gauge. It is most im- 
portant that there should he no clay or 
earthy matter in the mi.Kture as this would 
cause a thin coating of mud over the sand and 
aggregate, and prevent the adhesion of the 
cement ; this is what is nujant }>y sharp sand. 
All sand has been formed by attrition in watcT, 
and the grains are therefore more or less rounded, 
but when there is an absence of loamy particles 
it feels gritty to the touch when rubbed between 
the fingers, and this oonstitiitca what is called 
sharpness. 

Mixing and Laying. The materials 
should be mixed on a wooden platform so that 
the shovels may be used freely without risk of 
incorporating earthy particles in the mass. 
They should be thoroughly mixed dry, and 
then again be w'cll mixed while being wintered 
through a rose, the object being to moisten 
<weiy particle without washing away any of 
the cement. As setting takes place veuy 
rapidly, not more than half a cubic yard should 
Isi mixed at one time and it should be all di - 
posited in place within one hour of mixing. 
Any disturbance after it has begun to set 
interferes with the* crystallisation and reduces 
th'^ strength. 

It was formerly customary to specify that 
concrete should be tipped from a height of 
JO feet so as to consolidate it ; but it is now 
always deposited as carefully fw possible without 
a drop and then gently rammed with iron 
beaters ; the water should be only sufficient 
to float in a thin film on the surface. ITnder 
the footings of a wall it is generally 9 to 18 in. 
thick and projects G to 9 in. on each side, in 
order to spread the pressure over a sufficient 
width of soil to avoid settlement. The minimum 
amount of concrete under footings is shown 
in 6. In the formation of walls it is necessary 
to confine the material between boarding, the 
width of the space left fixing the thickness of the 
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wall. To prevent shrinkage, and consequent 
cracking, the cement should contain no appreci- 
able quantity of free lime, and it should l)e 
thoroughly air slaked before use. Machinery 
is usually employed when large quantities are 
required, many different forms of steam driven 
concrete mixers being in use. Concrete in mass 
should be deposited in layers not exceeding 
12 in. thick, as in 7, but the wa)rk may go 
on over a large area and even bc^ completed 
at one part before another is started if it has 
long steps of 12 in. each. 

Ferro»concrete. Ferro-concrote is the 
name given to a combination of concrete and 
steel in the form of rods or bars, the concrete 
taking the compression and the steel the tension. 
This allows a great reduction to be made in the 
mass and it is now being largely applied to all 
kinds of construction, with various modifica- 
tions in detail. It is, however, necessary to 
use the very best material and to employ only 
skilled labour, in order to realise the strength 
contemplated by tlie designer. Fig. 8 shows 
a ferro -concrete pile on the Hennebique system 
find a similar construction is used for ferro- 
concrete stanchions. Flot>rs have the Hteel rods 
in tlu^ low'cr part of tlu' thickness and carried up 
over the bearings to resist shear. 

Artificial Stone. Artificial stone is a 
kind of concrete made of Portland cement 
and granite ehippings pressed in zinc-lined 
moulds to form paving flags, lintels, sills, 
thresholds, copings, window' and door dressings, 
and moiildeti ornaments. As soon as the 
articles can l>e handled they are removed from 
the moulds, put in tanks and covered with a 
solution of silicate of soda for about fourteen 
days, Tluring which tiuu‘ a chemi(;al change 
takes place and the resulting material is very 
hard and non-ahs()rlx?nt, w'caring evenly and 
very slowly. One variety is made from pul- 
verised York stone and put under great pressiue. 
Another is made from sand and chalk lime 
mixed dry and put into a perforated steel 1k>x 
with a copper lining ; a vacuum is created in 
the box, and boiling water introduced under 
pressure to slake the lime. 'Phon supcrhcaced 
steam is forced in to complete the slaking. »tnd 
the whole process is finished in nl)out eight lioufs. 

Concrete BlocKs. Ooncrctc blocks may 
be looked upon as a rough kind of artificial 
stone. They are formed of ordinary concrete 
placed in wooden moulds, an^ are often used 
in the formation of river walls and sea walls, 
being used like large blocks of stone. For 
exposed positions the blocks are larger, and 
either cramped together or made with grooves, 
to Ix) filled with pebbles and cement after 
platung them together. For breakwaters the 
concrete blocks may reach 100 tons each, or 
more, in order tha^ they may not be disturbed 
by the shock of the waves. When the concrete 
is deposited in mass under water, it is called 
heton ; it is then usually rich in cement to allow 
of some being washed out, and is shot down a 
trunk, or lowered in skips with movable bottoms, 
to prevent as much as possible from being 
carried away. 
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Brickwork. Bricks are small blocks of 
baked clay, of slightly different sizes in different 
districts. In London and the South of England 
they are generally smaller than elsewhere, but 
including the mortar joints they may be con- 
sidered as 9 in. long by 4J in. wide by 3 in. 
thick. In the Midland and Northern districts 
the bricks themselves are mostly of the latter 
size, so that it is sometimes difficult to bond 
two varieties together. The approximate size 
has been settled naturally by what is con- 
venient for the bricklayer to handle, and it is 
suitable for building up structures and openings 
of useful dimensions. Bricks are connecU^d 
together by mortar composed of one part of 
grey stone lime to two parts of clean sharp 
sand, or, in more important work, by mortar 
composed of one part of Portland cement to 
three jiarts of sand. They arc laid so as to 
break joint with each other and form a bond, 
or toothing, which strengthens the work and 
distributes the pressure over a wider area. 
English bond, as in 9 , is considered to be the 
strongest, and is used for warehouses and railway 
work where strength is of more importance 
than appearance; Flemish bond, as in 10, is 
generally used for house building on account of 
its better appearance. There are several other 
forms of bond less frequently used. 

Bricklaying. In the interior of all walls 
the bricks are laid as far as possible transversely, 
with joints running through from face to face, 
so that the distinctive names apply only to 
the face work. The base of a wall is alway.s 
extended by footings, each projecting 2] in. on 
each side, until the bottom width is double tlie 
thickness of the wall. The height of any wall 
should not exceed 10 times its tliickn€>ss; but 
generally the thickness is determined by the 
local bylaws. When openings are formed in 
walls they may be closed in at the top by 
lintels or straight beams of concrete, artificial 
stone, or natuial stone, which are usually sur- 
mounted by an arch in order to relieve the lintel 
from pressure. I’hese lintels seldom extend 
more than 4| in. in from the face of the wall and 
gauged arches [11] are frequently substituted for 
them. The remaining thickness of the wall over 
the opening is generally carried by a relieving 
arch built in half-brick rings with a core below 
supported on rolled joists or fir lintels [12]. In 
the latter case the arch extends to each extremity 
of the timber, so that if it should decay or be 
burnt out only the core will fall and the brick- 
work above will remain, supported by the arch. 
When the opening may be curved on top a brick 
arch without a lintel is employed, the bricks 
being either gauged or laid in plain half-brick 
rings [13]. When the available space above the 
opening is insufficient for an arch, rolled steel 
joists are used, and they have the advantage of 
providing a suitable bearing for cross-joists, 
should such be required. 

In gauged work the bricks are cut or rubbed 
so as to make true surfaces which only require 
thin joints, say | in. thick, while in ordinary 
brickwork the roughness and irregularity of the 
bridis necessitates a joint at least I in. thick. 
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Brick retaining w'alls are generally built with a 
battering face, as in 4 , to throw the centre of 
gravity well back, and the courses are then built 
with a slope backwards perpendicular to the 
direction of the face. The back of the wall may 
be straight and vertical, or may be stepped to 
increase the thickness towards the base. A 
thickness at base of one-fourth the height would 
be a light wall, and a thickness of one- third the 
height would be a fairly heavy wall. They are 
designed according to the pressure likely to be 
exerted ngainst them by the supported earth, 
and this again is dependent upon the natural 
slope of the material, or the slope at which it 
would permanently remain if exposed to the 
w'cathcr and unsupported. Provision has to 
lie made by weep holes for the escape of any 
water, which might otherwise tend to accumulate 
at the back and overturn tlie wall. Piers need 
to l)e very carefully bonded, as they very often 
have to carry heavy loads. Every joint in a 
course should be covered by a brick in the 
(courses above and below, or, as it is technically 
described, no straight joints should occur in the 
intoior of the work. 

Masonry. Masonry w’as formerly divided 
into brick masonry and stone masonry, the temi 
masonry referring to tiu? building together of 
separate blocks. A change has been taking 
place during the last 50 years, and the term 
masonry now relates only to stone work. Rough 
stone, as picked up from the surface of the fields 
in stone districts, may be used without any 
preparation to form dry stone division walls to 
the fields, or they may be laid in mortar to form 
rubble work. The refuse stone from a quarry 
may be used in a similar way, forming flat-beddod 
rubble when the stone is laminated, or various 
forms of polygonal work, random work, or 
snecked work, when hammer dressed. Rough 
rubble work is strengthened by being brought up 
to level courses every two or three feet in height, 
so that a fresh start may be made at each new 
level. When eaeli stone is roughly squared, the 
stability is greatly increased, while in random 
rubble the strength is practically limited to that 
of the mortar in which it is bedded. When the 
squared stone is of large size it is called block-in- 
ctmrse work, and this is the best kind of rubble. 
Some varieties of stone, such as Kentish rag, 
are so tough that they can be w'orked only by 
a hammer and used as rubble, but sandstone and 
those limestones that come under the designa- 
tion of freestone can be truly dressed with a 
chisel to form large blocks of ashlar, and these, 
when built up, form the strongest kind of work, 
suitable for public buildings. When a stone is 
close-grained and can be worked with sharj) 
arrises it is suitable for moulded w^ork, and can 
then be used for window dressings and archi- 
tectural work in general. There are many dif- 
ferent ways of finjshing the face and the edges, 
according to the nature of the sto^ne and the 
taste of the architect. 

In the construction of lighthouses not only the 
hardest stone, such as granite, has to be used, but 
the blocks have to l^ very truly dressed and 
dovetailed together, writh cramps between the 
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courses. Masonry dams for water reservoirs 
also require very careful dressing and bedding 
to ensure the greatest strength with the smallest 
quantity of material. With laminated stone it is 
necessary to place the blocks so that the natural 
bed is perpendicular to the pressure. The lamina- 
tions will therefore be horizontal in a wall, and 
radial in an arch ; but in an undercut comice the 
lamination.s arc vertical, running from front to 
baek, to avoid the risk f)f pieces dropping off. 
Hard stone re^sisls the action of the weather very 
considerably, but under the action of fire is far 
less resisting than common brickwork. Owing 
to the cost of stone in some districts walls arc 
built of brickwork and only faced with stone, as 
shown in 14. In these ca 80 .s it is necessary to 
bond the two materials together by limiting the 
height of the stone to so many courses of brick- 
work, and building some stones further in ; or 
cramps may bo used to connect the two at short 
intervals. In a somewhat similar manner walls 
are sometimes built of concrete and faced wdth 
brickwork, as in 16. Generally, the chief 
material used in building depends upon w'hat is 
most readily obtained in the district. 

Timber. Timber in constructive work is 
mostly used for temporary purpose.s, os for 
centering to support arches during construction 
[16], scaffolding [17], stagings, shoring, and 
stmttings [18], supporting the sides of excava- 
tions [19], gantries [20], derrick stages [21], ete. 
In permanent work it is used for gantries in 
stone-yards, jetties [22], roofs [23], and floors 
[24]. Where timber is plentiful and other 
material is scarce, it is u.sod for bridges [25], and 
for complete buildings. There arc a few' impor- 
tant principles to bear in mind, as laid down by 
Professor Hankine — viz . : 

1. To cut the joints and arrange the fastenings 
BO as to weaken the pieces of timber that they 
connect os little as possible. 

2. To place each abutting surface in a joint 
as nearly as possible periJendicular to the pressure 
which it has to transmit. 

3. To proportion the area of each surface to 
the pressuie which it lias to bear, so that tlie 
timber may be safe against injury under the 
heaviest load wdiich occurs in practice, and to 
form and fit every pair of such surfaces accu- 
rately in order to distribute the stress uniformly. 

4. To proportion the fastenings so that they 
may be of equal strength with the pieces which 
they connect. 

6. To place the fastenings in each piece of 
timber so that there shall be sufficient resistance 
to the giving way of the joint by the fastenings 
shearing, or crushing their way through the 
timber. 

To these may be added a sixth principle not 
less important than the foregoing — viz . : To 
select the simplest forms of joints, and to obtain 
the smallest possible number of abutments. 

In framing structures, the chief point is to 
see that they are properly braced by diagonal 
struts to prevent racking movements oaus^ by 
wind or other side pressures. 

Timber piling is much used in riverside work. 
Whole timoers from 10 to 14 m. square are pre- 
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ferred for this work, pointed and shod with iron, 
and hooj^ at the top to prevent splitting while 
being driven. A ram, weighing from 5 to 30 
cwt., is raised by a pile engine [26] and released 
by the use of a trip lever, or monkey [27], when 
it reaches the top, so as to give a heavy blow on 
the head of the pile, and this is repeated until 
the set or distance driven by the last blow docs 
not exceed in. Piles, properly driven, will 
usually support a load of 1 ton per inch widtli 
of side in firm ground, or tons per square foot 
of cross section in soft ground. 

Iron. Iron is the generic term for throes 
classes of material — wrought iron, mild steel, 
and cast iron. These differ in composition, 
chiefly in the proportion of carbon combined 
with the iron, but this trifling difference has a 
remarkable influence upon the properties of each. 
Wrought iron with J per cent, of carbon is tough, 
fibrous, ductile, and can be forged and welded. 
Mild steel, with \ to 1 per cent, of carbon, is 
tougher, more homogeneous in structure, some- 
what ductile, and, with care, can be both forged 
and wedded. Cast iron, w ith 2 to 5 ixjr cent, of 
carbon, is crystalline, brittle, cannot bo forged 
or Avoided, but may be cast in various shapes by 
melting and pouring into a mould. As may b(^ 
gathered from the properties, Avroiiglit iron is 
used whore the piece is re(|uired to resist tension, 
or cross strain, or where it has to be rolled or 
forged into shape, or welded to connect it with 
other pieces. Mild steel is used for similar 
purposes whore greater strength is required. Ft, 
is mostly found in the form of rolled joists, 
angles, bars, and plates, and used for the con- 
struction ot girders, roofs, bridges, cranes, 
boilers, etc. Cast iron is very strong in com- 
pression, but weak in tension, and is therefore 
used where its particular properties render it 
specially useful, as for castings, brackets, 
machinery framings, columns, and stanchions. 
The latter, being subject to direct loading, are in 
simple compression, but Avhen the ratio of length 
to least diameter exceeds about 20, cast iron 
shows a tendency to bend, and then wrought 
iron or mild steel are more appropriate. 

Bolts and Rivets, "i'hese have been 
called the stitches by Avhich ironwork is eon- 
nectc?d. The l)olts bei?ig easily removable, may be 
likened to chain-stitch ; and rivets, having to be 
cut out individually to remove them, are typical 
of the lock-stitch. Holts are used for connecting 
cast-iron Avork, because the material will not 
stand the blows necessary in riveting. They are 
also used in wrought iron and steel Avork where 
connections have to bo made on the ground 
during erection, to avoid the fire risks from 
having a rivet torge on an unfinished building, 
and to avoid the expense ot engaging skilled 
men to put in a tew field -rivets, as they are 
called. Rivets are specially used in the per- 
manent connection ot wrought iron and steel 
work ; they bind the patts oloselv together, 
rendering the construction stiff and rigid, and 
permitting a proper distribution of stress through 
the various members. Fig. 28 shows the plan 
of base ot a riveted steel staunchion. 

Continv^d 
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Chalk and Limestone. The raw 

material for the preparation of lime consists 
of a chemical substance known as calcium 
carbonate, which is found occurring naturally 
in large deposits as chalk, limestone, and in 
other forms. 

To convert these substances into lime, tliey 
requin' to be strongly ignited, so that the 
(‘arbon dioxide they contain may be drivt*n off. 

CaCO;; _ CaO ^ (H). 

Calcium carbonate Quicklime (^irbon dioxkle 

The })rocess of preparing lime, generally 
known as “ lime burning,” is an extremely old 
one. Lime is the main constituent of mortar, 
and, as such, was used in building construction 
a thousand years ago or more. 

To pre])aro pure lime some form of calcium 
carbonate is required, free from clay and earthy 
matters, and for lal)oratory use marble is a 
suitable substance ; but for building purposc^s, 
where large quantities arc required, marble is 
too compact a material and too costly. 

Neither chalk nor limestone consists of pure 
calcium carbonate, but the natural rocks always 
(jont^in small quantities of “ silica ” or “ sili- 
cate's,” in the form of flint and other substanct'S. 
Some account of silica and silicat(‘s will be 
found in the Chkmistky course. We may, 
however, state hero that such substances as sand, 
flint, and rock crystal consist of silica, while 
clay is mostly made up of silicates. 

Chalk Deposits. In the South of 
Rngland there are two well-known chalk 
deposits. The upper, or white chalk is a very 
pure material, containing at most two or 
three per (icnt. of silicate of alumina and 
iron, while the grey, or lower chalk, which 
underlies the white chalk in the 'Fhames estuary 
and the Medway district, is not so pure, and 
contains on an average 90 per cent, of carbonate 
of lime and 10 per cent, to 15 per cent, of clay 
substance. These clay matters are, of course, 
naturally incorporated with the chalk and 
oanhot be removed. If less than 5 or 6 per 
cent, be present, a so-called “fat lime” is 
obtained, while with larger percentages of 
silicates the products are known as “ inter- 
mediate,'* or “ hydraulic ’’ limes. The white 
chalk as quarried contains 15 to 20 per cent, of 
water. The other raw material, limestone, 
occurs in large quantities in this country. 
Stones which may be excellent for building 
purposes are not necessarily suitable for lime 
burning. In the neighbourhood of Buxton a 
vniy pure variety of limestone is worked, 
yielding an excellent i|uality of “ fat lime.” 


Limestone Deposits, (hvat masses of 
mountain limestone aie widely distributed over 
the Derbyshire district, and disruptive agencies 
which have been at work in producing some 
of the peculiar chai'acteristics of the country 
have' also placed at our service various bt^ds or 
lav(‘rs of rock. 

The layers of ancient deposits have been 
bi’oken up and left near the surfact*, so that here 
and there beds of limestone of various ages are 
found, which have Ix'cn thrown up from below. 
Thus, in the high Pc'ak tlistriet of Derbyshire 
there is a great mass of limestone at Harper 
11 ill, near Buxton, which is held lobe formed of 
beds, termed “the lower beds,” from strata 
hundreds of fe(‘t below the btxls of limestone 
surrounding it. 

Lime burning is an old industry in ibis 
neighbourhood, and the e\])erienee gainetl in 
burning the diflerent types of limestone led to 
a <*lassiticati()n and selec tion of the most suitable 
fur the purposes rocjuired. 

The purest limestones, such as those from 
Harper Hill Quarries, are well adapted for 
ehcinieal work, such as the manufaeiJre of 
caustic soda, bleaching powder, etc. They are 
also suitable for tine plaster work, and as a 
olu'mical manure for putting on the land. 

Limestone Analysis. We give below 
some anjilyses of these limes, made during the 
past year {1905), from the limestones of the ■ 
Harper Hill Quarries, Buxton. 

In the lirst plaec' we may compare the analysis 
of the limestone with that of the lime obtained 


from it. 

Limestonk 

Silica 0*20 

Oxides of Iron and .'Mum ilia . O’llO 

Carbonate of Lime . . . . 99*30 

Magnesia 0*20 

100* 00 

Li .ME 

Moisture and Organic Matter 1 * 10 

Silica * 25 

Oxides of Iron and Alumina . . *20 

Lime (CaO) 98*20 

Magnesia *25 


100*00 

It must not, however, be supposed that all 
limestones from this district contain the very 
high percentage of lime shown in these analyses. 

To familiarise the reader with what ho may 
expect to find in a good lime, wc give two more 
analyses of samples prepared from Buxton 
limestones. 
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Silicca 2*14 7*00 

Oxides of Iron and Alumina 0*54 3*60 

Dioxide 0*36 0*13 

Moist lire and Organie Matter 0*76 2*27 

lime (CaO) Pure Lime .. 95*60 86*20 

Magnesia 0*62 0*80 


100*00 100*00 

It will be seen that all these samples are almost 
free from magnesia. This is a very important 
consideration when the lime is used for chemical 
purposes or for artificial manure. 

Sample “ A ” contains 95*6 as against 98*2 
per cent of caustic lime in the first analysis 
quoted, while sample “ 11 ” contains only 
86*2 per cent. 

This latter sample belongs to the class of 
“ intermediate ” limes. If we add together the 
amounts of silica and oxides of iron and alumina 
contained in it, we shall find that they amount 
to over 10 per cent, of the whole. 

Later on wo shall go into the question of 
slaking of lime, but we may mention here that 
it is a peculiar characteristic of tlie purest limes 
of the Buxton district that when slaked they 
fall to a fluffy, impalpable XK)vvder which readily 
passes through a nne sieve, leaving practically 
uo residue, whereas it is said that equally pure 
limes from other districts, although they fall to 
powder, leave an appreciable residue on a 
similar sieve. 

This latter class of material is moi'e sutt< 
able for other purposes, such as the purifiers of 
gas works, where the gas has to pass between 
tiny particles of lime. 

Effect of Silica on Lime. The 

differences in behaviour between these tw^o 
classes of limes may perhaps be looked for in the 
manner in which tlie silica is contained or 
combined in the mass of carbonate of lime. 
In the Buxton lime it is probably in the form 
of very minute crystals diffused through, but 
not combined with, the lime. In other cases 
it is probable that a proportion of the silica 
18 in combination as silicate. There is no 
doubt that the presence of any quantity of 
silicates, as in the form of clay, retards the 
slaking and renders it incomplete. 

Tlie limestones of the Idas formations [see 
Geology], such as arc found in the Lyme Regis 
deposits, contain 10 to 30 per cent, of clay and 
a large proportion of iron. This has a curious 
effect upon the stone, which is blue inside and 
changes to a yellow-brown colour when exposed 
to the air. ft yields a good “ hydraulic ’* lime. 

“ Carboniferous” limestones are also worked, 
and sometimes yield a high grade of lime. Many 
limestones, often termed magnesian limestones, 
contain a var 3 ring proportion of carbonate of 
magnesia in conjunction with carbonate of 
lime. Such rocks are unsuitable for our pur- 
pose if the amount of ma^esia exceeds 10 per 
cent. Generally, magnesian limestones yield 
^‘jpoor” limes. 

Xrittie Burning. The burning of chalk or 
limestone ia carried on in kilns of simple con* 
The kiln may be worked intermit* 
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tently or continuously. In the first case, the 
kiln is cup^shaped, and is filled witli hldeks' of 
chalk or limest^ in such a manner that a space 
is left underneath for the fire[l3. For this purpose 
some largo blocks are chosen and built into the 
form of an arch, which supports the rest of the 
stone above. In some cases such a kiln is 


v(‘rv simply constructed from blocks of limestone, 
built in the 
form of a 
conical kiln 
open at the 
top. and coated 
inside and out- 
side with clay. 

Where, how- 
ever, a more 
permanent kiln 
is required a 
brick structure 
may be em- 
ployed, the 1. PRIMITIVE FLARE KILX 
imier lining 

being coiniKwed of fire-bricks [1]. The ash 
of the burnt fuel in this type of kiln does not 
come incontaet with the lime, which is, of course, 
an advantage. This form of kiln is known 
in this country as a “flare” kiln; the operation 
is carried on with a fin^ producing a long flame. 

With more modern kilns built on these 
a pro|H'rly constructed hearth, formed of arches 
of fire-brick, rtqdaces the arch made from the 
limestone itself. Otherwise, the process is 
very similar. 

The continuous method of burning is carried 
on in kilns, sometimes called “ running ” kilns. 
They are built higher than those already de- 
scribed, and the linu'stone and fuel are tipped 
into the kiln in alternate layers. As fast as the 
burning lime is removed from the bottom of 
the kiln, sufficient quantities of fresh limestone 
and fuel are fed into the top. These kilns, of 




1. PRIMITIVE FLARE KILX 



course, have one draw- 
back — the ashes of the 
fuel mix with the lime ; 
but the process, being 
continuous, is more 
economical, and there 
is not the loss of heat 
unavoidably incurred 
when w*orking flare kilns, 
w^hcre it is necessary to 
allow the kiln to "cool 
down after each operation. 

Fuel for Lime 
Burniftg. Where wood 
is cheap, it forms a suit- 
able fuel fqr some lime 
kilns, especially for the 
flare kilns. For the run- 
ning kilns, coke is 


2. coNTi^srvous- preferable to coal, as it 
BUBKiNQ KILN usually gLv€» a much 
purer and whiter lime. 
The quantity of fuel required varies very much 
with the efficiency of the kiln. A simpte form of 
kiln will require one part of fuel to about every 
lour parts of limestone. 
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With a more efficient type of kiln, the average 
(juantity of coal burnt will vary from two to 
four parts for every 10 parts of burnt lime. 
Such a kiln may be built, say, 30 ft. high, in 
the form of a hollow spindle narrowing down at 
the top and bottom [21. At the top there is a 
movable cover (a) for keeping off the draught 
daring the burning, which can bo opened for 
charging. Tlie holes at the sides near the top 
draw olf the fumes to a short (ih imney ( b ). T nside 
at the bottom is a conical shai)ed grate (c) of 
iron bars, the quicklime being drawn away 
from around this. 

Modern Lime Kilns. A new and very 
efficient form of running kiln, constructed 
by Smidth, of Copenhagim, is shown in 3. It is 
devised with special attention to eionomy of 
fuel, and is best adapted 
to work a hard stone. 

The kiln is constructed 
in tw o halve.s, of which 
the upper (n) servos as a 
reservoir for limestone, 
which is introduced 
through an “eyehole” 
at A. Unlike the run- 
ning kilns already de- 
scribed, only a small 
portion of the fuel is 
mixed with the lime- 
stone when put into the 
kiln, the greater part 
being introduced by t he 
shaft-s (cc). The wasti^ 
heat given off by the 
combustion going on 
in the lower chamber 
(d) is mostly retained 
by the limestone in b. 

At the lx)ttom of the 
cliamber (d), which is 3. latkst form of 
lined with fire-bricks, (Ontinfoits limk kiln 
is a grate (e) with 

movable door, by means of wbic^h the burnt 
lime is withdrawn. The coal consumption of 
such a kiln should iif)t exceed 20 per cent, of the 
burnt lime. Wo may mention that this is not 
the most suitable form of kiln for working a 
soft stone, as the movement of the stones down 
the kiln breaks and crushes them, and a consider- 
able proportion of the output is reduced to a 
povder. Lime in good, large blocks finds a 
lietier market than broken stuff. 

A v<Ty good form of kiln to use where lumps 
are required is the Hoffmann kiln. We have 
explained the construction and working of this 
kiln in the Brickmaking course, and have 
drawn attention to the very efficient manner 
in which the fuel is economised. VV’^c refer 
to it again in our consideration of cement, 
as it is used for burning cement ns well as h)r 
bricks and lime. 

At the Buxton Lime Works the chambers are 
tilled with blocks of limestone, piled up in the 
same manner as if charged with green bricks, 
care being taken to leave the necessary olmiinels 
for the air draft through the chambers, and for 
the foek .dropped in from the top. 

1m 


The lumps of stone are carefully chosen, and 
vary in size — they may bo as small as a man’s 
fist, or as large as his head. The drawback is 
the cost of labour, which must be considerable, 
jis the chambers arc “ .slacked ” and “ drawm ” 
by hand. Still, there is a minimum of dust and 
.small, broken pieces. Jaine burnt in Hoifmaim 
kilns, although cfl'ccting a consid<irabl(» saving 
in fuel over the old flare kilns, has the dis- 
advantag(i that tlio ash of the fuel mixes w'ith 
tiu; linn*. The advantages and disadvantages 
of the three types of kiln may be summed up 
somewhat as follows. 

Flare Kiln. Lime is in large lumps, free 
from a.sh. but the jiroccss wastes fuel. 

Kanning Kiln. Lime is much broken into 
small pieces, and mixed with ash, but the 
proc4‘SH <‘(’onoiniscs fuel. 

Hoff nut nn Kiln. Lime is in large lumps, 
and mixed wnth asli. 'Phe process economises 
fuel, but the cost of labour is heavy. 

There are also continuous kilns, in wliioh the 
fuel does not come into iiontact w'ith the lime. 

Some of the more modern kilns have been 
devised to burn the lime by moans of producer 
gas. 

Quicklime and Slaked Lime. An 

we have already explainc'd, tlu^ lime varies in 
(piality according to the (balk or limestone 
fioiu which it was diTived. The fat limes ob- 
tained from pun^ materials are remarkable on 
account of the vigorous manner in which they 
combine Avith water. I’o this proce.ss the term 
“ .slaking ” is given. Tt consists, chemically 
speaking, in conversion of the quicklime (oxide 
of calcium) into hydroxide (also known as 
hydrate) by combination w ith w'atcr : 

(W ^ H.,q_ ^ 

Quickliim* Water Slaked lime 

There is one point we should notice Avhich is 
not always siiffiiu’cntly aj)preeiattd-— namely, 
that in slaked lime the water is in chemical 
combinat ion w ith tln^ lime. H we slake quick- 
lime with exactly the right amount of water, 
the resulting slaked lime is a dry powder. 

As will be .seen, 100 parts of lime will 
require 32 parts of wab'r, which is, roughly, 
a third by weight. Wlien su(;h water is added 
to a pure or fat lime, the lime begins to swell and 
get hot, giving off sloam ; the lumps crack, 
and, eventually, the hard block falls to a fim^ 
powd(*r. 

This slaking of lime is accompanied by an 
increase in volume. Thus, 100 parts of fat- 
lime will give 200 to 300 parts of slaked 
lime. Poor limes and hydraulic limes do not 
slaki^ readily, and a process which occupies a 
few ho!irs with fat lime may take day.s in the 
case of hydraulic lime.s. The larger the pro- 
portion of clay and silicioiis matter contaimd in 
the chalk or limestone, the more hydraulic the 
lime, and the loss it resembles fat lime. 

Magnesium limestones give poor limes. If 
the jKjrocntage of magntjsium exceed 10, the 
lime' slakes slowly, and anything like 20 to 30 per 
cent, of magnesia makes the lime practically 
useless. 
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On the other hand, it ib Btated that some good 
hydraulio lime has boon prepared from magnesia 
limestones. The lime, however, requires to be 
rather more strongly burnt. 

A fat lime is easier to produce than a hydraulic 
lime. The larger the percentage of clay and sili- 
cious material, the lower the melting point. Hence, 
in burning hydraulic limes, if the tem|)eratur«' 
be not carefully regulated, it may rise sufficiently 
to fuse partially or to over- bum the lime; or, in 
other words, “ clinker it.” The hydraulic limes 
do not swell to the extent that the fat limes do 
when slaked. A hundred parts of hydraulic 
lime will yield somewhere about 150 parts of 
slaked lime. 

The terms “ hydraulic ’ lime and “ inter- 
mediate ” lime appear to cover much the same 
ground. By hydraulic lime, we understand a 
lime which is capable of setting under water. 
An intermediate lime is one made by burning 
a limestone or chalk containing some clayey 
matter, owing to which the resultant lime holds 
a position somewhere between a fat lime and a 
true cement. [See Cement.] 

Hydraulic Limes. As we have already 
explained, limes obtained from chalk or lime- 
stone, with a suitable percentage of clay natu- 
rally bound up in them, yield a lime which docs 
not slake very readily. Where limestone con- 
tains 8 to 12 per cent, of clayey matter, the lime 
produced is termed “moderately hydraulic*, ' 
and instead of falling quickly into powder and 
crumbling under the action of water, it gives out 
little heat, and appears hardly to be affected. 
As a matter of fact, i^bsorption of w^ater does 
t^ke place, and a substance is produced which 
gradually seta hard in the course of 5 to 20 days. 
If placed under water, it remains pasty. 

Limes prepared from limestone containing 15 
to 18 per cent, of clay may be termed hydraulic, 
as in the course of a few days they set to a hard 
mass, even under water. The mass is not so 
hard as that produced by Portland cement, which 
we shall discuss later, but has about the con- 
sistency of a soft stone. If the limestone con- 
tain as much as 20 or 30 per cent, of clay, the 
resulting lime is very hydraulic. It does not 
appear to slake at all when moistened, and the 
lumps do not swell. A paste gradually hardens 
under water in 2 or 3 days, and on further stand- 
ing it gets much harder still, yielding a stone- 
like mass, which will stand the action of running 
water. Those hydraulic limes approach cement 
in quality and Miaviour, as the proportion of 
clay in the original limestone is increased. 

Need for Care in Burning. Speaking 
generally, the clayey matter in the burnt 
lime is not in that intimate state of com- 
bination with the lime (calcium oxide), which 
we find in Portland cement. Nor should the 
temperature of the kiln be such as to fuse (or 
clinker) the mass. If this should take place, 
calcium oxide no longer combines readily with 
water, and the mass refuses to slake as a lime 
should. This is why the burning of hydraulic limes 
requires so much more care than the burning of 
fat limes. The danger of clinkering will also be 
increased if the lime contain much iron salts, or 
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alkalies, owing to the formation of easily fusible 
silicates. As a rule, clinkered lime is fui^ only 
on the outside, and contains a core of quicklime. 
Even when eve^ care is taken in slaking the 
lime, such particles of quicklime will remain, 
and, protect^ by an outer layer of sUicato, will 
not slake with water, or else slake veiy. gradually, 
l>erhaps after the lime has been converted into 
mortar. When this takes place, the lime swells 
and, expanding, cracks, bringing about the 
destruction of the mass. 

When a mortar made from aiat lime has set, 
the subsequent process of hardening, or “ indura- 
tion,” ap[)cars to be merely due to the com- 
bination of the lime with the carbonic acid of the 
air, with the formation of calcium carbonate. 

With hydraulic limes, the induration is caused 
by a combination of the silica and alumina of 
the clayey matters in the presence of water with 
the lime (calcium hydroxide). Those hydrated 
silicates and aluminatcs of calcium are formed 
subsequent to the setting of the mortar. 

The peculiar effect produced by the presence 
of clay in the limestone are gone into mon- 
fully under the heading of ('ement. 

flaking Lime. Mortars, for the purpose* 
of building construction, consist of a paste of 
lime, mixed with sand. The first stage in the 
preparation of mort^ir is the slaking of the lime. 
This is conveniently effected by placing the 
lumps of lime in an iron basket, and immersing 
for a short time in water. Tlic lime is rcmovetl 
before it has swollen much, and put on one side, 
when the slaking will complete itself, and tlic 
whole will fall to powder. Instead of doing this, 
the lime may be sprinkled with water; or else* 
exposed to a moist atmosphere, (^are has to lx* 
taken to use the right sort of water for slaking ; 
such water should be free from saline matter, 
cs|)ecially sulphate of calcium. River- water is, 
in most cases, suitable, but sea-water is said to 
retard the rate of setting. On the other hand. 
Smeaton used sea-water in slaking the lime 
used for the old 'Eddystone Lighthouse, with 
excellent results. However, on dry land, any 
quantity of salt in the water woidd probably 
cause “ efflorescence ” in the mortar if used 
above ground— that is to say, the saline matter 
would gradually ciystallise out on the surface. 

Mortar. Mortars were prepared by thi^ 
ancients, and many of the analyses made show 
that such mortars did not differ essentially 
from those we make nowadays. The Pyramid 
of Cheops, in Egypt, is built of stone cemented 
with a sort of mortar, probably composed to a 
large extent of plaster of Paris. This pyramid 
was built somewhere about six thousand years 
ago. There are plenty of examples > of the 
ancient use of mortar, as hi the builakira erected 
by the ancient Pheonioians, Greeks, and Romans. 

When making mortar care must be taken to 
see that the lime is thoroughly well slaked. This 
resents no difficulties in the ease of fat limes : 
ut hydraulic limes take several days to slake, 
and to promote the action, the Kme after 
moistening should be covered over with sand 
to keep the heat in, and the slaked liine should 
he put through a sieve to remove any unslaked 
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lumps. Many hydraulic limes should be finely 
l^owderod before any attempt is imule to slake 
them. If any unslakod portion should remain 
in the mortar after it is used, gratlual slaking 
takes place with swelling of the lime and dis- 
ruption of the mortar. 

Mortar Sand. The sand used should be 
what is known as sharp sand, the particles of 
which are angular and not rounded or wat(u- 
wom. Ground brick, or other similar material, 
can be used. The best proportion of sand to u.se 
depends upon the type of lime. Hydraulic 
limes usually require loss than fat limes. 

Sand is used for various reasons. Firstly, it 
clieapons the mortar, .and secondly, it separates 
the particles of lime so that the carbon dioxides 
gas of the atmosphere can got at them. We 
must carefully distinguish between the setting 
and hardening, or indvratum. The selling is 
duo to the absorption of th(^ excess of water ; 
the hardening of mortar depends upon the 
conversion of the lime into carbonate of calcium : 

CaO ^ CO., ^ CaCO;t 

Lime ( ‘arbon dioxide Calcium carbonate 

This latter forms a hard crystalline rot:k 
adhering to the particles of sarul or any other 
1 oiigh surface. 'Ihc cryst als wh ich go I o f orm t he 
mass may po.:«sibly adfiero more sirongly to the 
particles of sand than thi^y do to each other, 
and hence mortar containing sand has a greater 
resistance to crushing than mortar prepared 
from lime alone. 

Carbonic acsid penetrates very slowly into 
a imiss of mortar, and after twelve inontlis 
only the outer one-eighth or quarter inch has 
been carbonated. 

On the other hand, it lias been found by 
analysis of very ancient mortars that there is 
sufficient carbonic acid in them to combine with 
the whole of the lime, so that jiresumably, given 
sufficient time, carbonic acid will penetrate 
right through a mass of mortar, converting the 
whole of the lime into carbonate. 

Sand is also of use in that it prevents excessive 
.shrinking of the mortar in drying. 

Where hydraulic or intermediate limes are 
used the hardening of the mortar is due very 
largely to the formation of hydratwl silicates 
already spoken of. In this form the silica is 
very slightly soluble, and the mortar prepared 
from such limes is exceedingly durable. 

Use of Chemical Analysis. The 
chemical analysis of limes and limestones often 
results in yielding valuable information as to 
their suitability for the purpose for which they 
are required. We may, for instance, wish to 
know whether certain limestone is suitable for 
lime burning, and what sort of lime it will yield. 
These queries can, to a large extent, b(^ answered 
if we first determine the proportion of lime 
(calcium oxide), magnesia, and silica contained in 
it. If the magnesia be high, the lime will be 


useless for most purposes ; if there be very 
little silica, we may expect to produce a fat lime, 
and so on. Then again, a sample of quicklime 
should bo tested for the proportion of free 
oxide of calcium and carbon dioxide. Too 
large a proportion of carbon dioxide will mean 
that the limestone has not been properly burnt, 
or that the quicklime has been kept too long 
and has consequently deteriorated owing to the 
absorption of carbon dioxide from the atmo- 
sphere. Slaked lime sometimes requires to b(‘ 
tested in a similar manner. It is also imfHirtant 
to determine the proportion of water it contains, 
ov(‘r and abovi^ that combined as calcium 
hydroxide, as, i)f course, we do not wish to pay 
for water when we are buying lime. The same 
methods of analysis an^ mostly applicable 
both to limestone and lime. 

In the Laboratory. In the first place 
we can make a elu':ini(ai] analysis, and we shall 
give a brief outline of the method on the ordinary 
lines. The substance under examination should 
be dis.solved in hydrochloric acid and the solution 
concentrated to dryness, to render the silica 
in.soluble. On taking up with water and 
filtering, a residue will be left on the filter 
jiaper consisting of silica and traces of iin- 
deeomposed silicates. For most jiurfioses a 
further separation of this residue is unnecessary, 
and we may reckon the whole as silieioiis matter. 
'Phe filtered solution is precipitated with am- 
monium chloride and ammonia solution. Thi* 
iron and alumina are thrown down tog<dhi*r and 
may be filtered off, igniU^d, and weighed if 
necessary. To the solution containing the lime 
and magnesia an excess of ammonia is addi^d 
when ammonium oxalati* precipitates the lime 
as calcium oxalate. 

Filtered otf and st rongly ignited, it is eonviTteil 
into ealcinin oxide and may he weighed as su(?h. 
In the filtrate from the (calcium oxalate pre- 
cipitate, the magnesia is precipitated as phos- 
phate by means of sodium phosphate in a 
solution strongly alkaline with ammonia. 

Lime in Quicklime. As we have said, 
quicklime is not necessarily pure oxide of 
calcium, and if we want to know liow much 
of this latter is contained in a sarapk\ we take 
100 grammes and slake it completely, make up the 
milk of lime to half a litre, and after thoroughly 
agitating it, take an alicpiot portion, say, 2r» 
cubic centimet res, which will represent 1 gramme 
of quicklime. We then titrate this with a 
normal solution of oxalic acid with phenol 
phthalein as an indicator, shaking well after 
each addition of acid. [See Analytical 
(Chemistry.] The colour is discharged as .soon 
as all the free lime has boon saturated, but 
before any carbonate of calcium which may 
happen to Ihj present is attacked. Each cubic 
centimetre of normal oxalic acid solution is 
equivalent to 028 grammes of lime. 


Lime concluded 
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SUITS FOR LITTLE BOYS 

Sleeves and their Linings. Sewing on Buttons. Making the 
Vest. Making and Putting in Pockets. Making up Knickers 




By Mrs. W. H. SMITH and AZ^LINE LEWIS 


DASTE the forearms of the sleeves together 
^ and stitch ; take out the bast ings, open and 
pres^i the seams on the narrow side of sleeve- 

board ; mark 
up from the 
thread marks 
on wrong side* 
the depth re- 
quired for the 
stiUhing — in 
this case 3 in. 
— draw' a line 
with chalk, 
and tack 
through with 
white cotton. 
Take a strip 

88. POCKET READY FOR STITCHING < loth, 2 in. 

wide and 12 

in. in length, crease through the centre [82, 
p. 1293], place this on the tacking line and bast^ 
round to hold in position ; turn over and machine 
] in. on either side of the tacking line. Tack the 
back seam, keeping the thread marks at wrist and 
machine-stitching of cuff part evenly together ; 
stitch, take out the tackings, open and press, as 
described for the fore scam ; remove the basting 
from the cuffs, turn up the bottoms to the thread 
marks, baste smoothly round the hand and 
serge the two raw edges together. Place the 
narrow end of sleeve-board inside the sleeve, and 
press both sides of the cuff over a damp cloth ; 
remove the cloth and re-press. 

Linings for Sleeves. Tack and stitch 
the linings together, place the lining under 
part to under part of sleeve, keeping the top 
J in. above the top of sleeve, and the seams 
together evenly ; 3 in. down from the top tack 
the lining to the turning of cloth, back and front. 
Put the hand through the lining, take hold of the 
bottom of sleeve, turn the lining over, and draw 
the sleeve through. Tarn the lining up } in., 
keep the seams together and fell neatly over the 
hand } in. from the raw edge. Turn the lining 
back from the top, to leave room to insert the 
sleeve, but before doing this pare all canvas 
and lining from the armhole. 

Place the front seam of the left sleeve to the 
inset mark, and the back aeam to back inset, as at 
J** [15, p. ) 1 1 2] ; baste in the sleeve from the inside, 
keeping it rather tight at the back and easy under 
the arm ; continue round the sleeve-head, and 
either stitoh or sew in with strong thread. 
Press open on the sleeve-board, just damping 
seam before efoing so. Do not stretch the back 
oif. armhole, but slightly stretch the front near 
the should^. Serge the lining of coat to arm- 
holes fell the sleeve lining over. Now fell 


the nock, shoulders, seams, bottomi and- facing 
to the corresponding portions. 

Before putting on the buttons, should thero 
be any shine caused by the pressing, take a clean 
cloth, wrung as dry as possible, and a warm 
iron, and go carefully over the right side of coat . 

The Buttons. Have a No. 4 needle and 
double thread, twisted and waxed, place tin* 
needle through the cloth and canvas, on the right 
side. Take the button, pass the needle up through 
one hole, and down through the opposite one, 
then through the cloth and canvas, but befon* 
pulling the thread tight, place a bodkin througli 
the loop — this is to raise the button for the 
sUiin, or stand — pass the needle and thread 
through the holes three or four times ; remove 
the bodkin, pull the button up sharply, twist 
the thread round the stem tightly three or four 
times, and finish with two or three backward 
and forward stitches through cloth and canvas. 

Making the Vest. After the vest is cut 
out and thread-marked, as already describt‘d 
in the making of the coat, the pockets are tin* 
first thing to be taken in hand. The ivelt must 
be cut a seam wider than the opening on eacli 
side, and twice the depth it is required to bo, 
in this case IJ in. wide and 3J in. l6ng. 

The pocket must be out 1 in. wider than tlio 
opening, to allow \ in. on either side, and just 
long enough to escape the bottom of vest by J in. 

Place the welt on the right side of vest, with 
one edge quite close to the thread marks of 
pocket- opening, and baste to this, as from A to 
B in diagram 38. Take front part of pocket, 
place to the lower edge of pocket (leaving J in. 
on each side), and on this place a linen stay 
J in. wide, and tack together, with the front part 
of pocket to the lower edge of welt, as from C to D. 

Now take back part of pocket, place one edge 
dircc t ly 
above the 
thread 
mark of 
opening , 
and the 
other edge 
towards 
the nock of 
. the vest, as 
from E to 
F. Ma- 
chine- 
stitch ^ in. 
above and 
below 
pocke t - 

opening (not the ends) ; th^n machine front ^rtion 
of pocket to lowered^ of welt, as froni C toD [33| 
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Cut the opening to within J in. of the end, 
nick the corners os in flap-pockets, remove the 
taokings, open the bottom seam - /.r., where the 
welt has been stitched on —and press. Chalk- 
mark the welt the depth it is required, tack a 
linen stay on wrong side, J in. from seam, fold 
over to chalk mark — with the stay inside — l)aste. 


side seam. Now baste in the lining (it must 
overlap the facing | in.), fell to the armhole, 
and from bottom to top. Stitch the edges of 
both fronts to match the coat, and space the 
buttonholes .‘1 in. apart, the lirst one being 
^ in. from the top and J in. larger than diameter 
of button. 


and stitch the fold* d-over edge. 

Turn the pocket through the opening, nicking 
(ho comers to make it lie flat ; turn ^ 

the bottom of vest back over the 
pocket-mouth, and stitch the pocket f 
to the lower edge of inturn, to keep 
it in position and to prevent its hJJB 
bomg pulled inside out when taking 
anything from it. Tack the pocket | / | 
and stiteh round, and pare away all Imm 
superfluous cloth j: 

and lining from ” ' 
the under part of 

welt, to make the ^ , -/Mi 

corners as thin as 1 ''f 

possible. Turn in 
the corners and 

serge them to Iw 

keep them in posi- \V%Jl V 

tion ; stitch the a 

ends down neatly, v/ 

by hand, by 

means of prick- , W 

stitch, and press N W 

well on the wrong Y 

side over a damp 34. fly facino 
cloth. 


Stitch up tlic backs, both the light (for 
lining) and the black (for the outsid(^). Plac(‘ 
the Mack lining on the tabic, scam 

I undernc'ath, put the side seam of 
vest right side to the lining, then 
place the light lining, right side under- 
neath. on to wrong sid<‘ of vest ; baste 
(he shoulder and both linings together, 
also taek the sid(^ seam. Baste the 
linings together round the armhole 
and at the bottom to 
the seams ; machine, 

: I ; and remove the. 
taekings. 

'I I Treat the ollu‘r sid(5 

y (‘xaetly the same. 

/ I Now put the hand 

C i mmJ through the neck, 

\\ i ^*^1* 

v/JJ\\ of vi'st, and draw 

\ ^ through a little at a 

\,y time very carefully ; 
W y turn in the neck, ina- 

Y y chine, and press all 

\ / round back and front. 

\ ; MaKingthe 

Knickers. Fac(‘ 


Fronts of the 35. left fore 


Vest. We are now 
ready for the canvas (J 
yd. of black vest canvas 
will be required). Cut 
the canvas to the shape 
of fore part, baste on 
Ioo8.dy all round, and 
pare away the width of 


36. BinTOiNHOLK PARI’ 
OF FI.Y 



a seam from the edges and 
2 in. from side of seam. Take 
a linen stay { in. wide, baste it 
on cither side to canvas and 
cloth, beginning at the bottom 
right-band corner, holding it 
tight at the corners and from 
waist to bust ; continue the stay 
round tKe neck, turn the front 
over, place the facing on (cut 
as in. 19, p. 1291) right side 
underneath, and projecting 
I in. over the edges. Baste 40 . ( utting opt 
and stitch J in. from stay pocjket 

tape, remove the basting, turn 
the facing right side over the canvas, work 
the corners out nicely and sharply ; baste 
round from the wrong side, keeping the seam 
i in. in from the edge, as for coat-facing. 
Serge the inner edge to canvas only, turn in 
the cloth edges round the armhole, and serge 
to canvas. 



Slit the canvas on the shoulder 3 in. down 
[29, p. 1293], remove the bastings and press with a 
damp cloth all over ; tack the top of facing to the 


38. BPTTOX 37. HP’; ION- the forks of fore parts 
(•AT( H HOLE PORTION with lincn. For this 
take a piece 3 in. 
setuare, fold corner-wise, and cut 
through ; turn in the longest 
cdg(^ and stitch ; place on the 
inside of forks and stitch close 
to the edge ; then cut the linen 
away level witli the cloth. 

The flics must now be cut 
I J in. wide, and (uirvcd round 
at the bottom to within 1 ^ in. 
of fork [19, p. 1291]. Two pieces 
of cloth and two of linen will Ik* 
r(‘(piircd for those, and an extra 
strip of linen for button stay 
2 in. wid(i. Baste one piece of 
39. pOi!KKT OPEN- linen to the right side of left fore 
ING WITH FACING pai t [34]; stitch the edge, re- 
move the basting; turn the 
linen over and haste again, working the edges 
over well, so that the cloth is { in. under 
(the linen must on no account show on the 
right side), and baste through the centre to 
keep in position [A, 35]. Now prepare the und<‘V 
part for buttonholes in the following manner. 

Place one piece of linen on the table, the fork 
away from the worker; lay the cloth on, wrong 
side uppermost, and stitch from the fork to the 
top, as from A to B. I'urn the cloth over and 
baste the edge, working the cloth uiiuor ^ in. ; 
baste all round and stitch J in. from the edge ; 
remove basting from edge, and press [86]. 

Now work the buttonholes 2 in. apart, the 
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first one being 2 in. from the top, and just 
large enough for the buttons to go through 
comfortably [B, 86]. When these are made, 
lay the fore part on the table, right side 
uppermost, place the fly on, and stitch along 
the top J in. in from edge [C, 36]. Turn fly 
over to wrong side, baste in position ; turn 
the fore part over, and stitch from top to 
bottom, keej)ing just beyond the bar ends 
of buttonholes [37]. Remove the basting and 
press on the wrong side over a damp cloth, 
then catch the fly to the fore part with three 
or four slanting stitches between the button- 
holes, to keep the fly in place, and well secure the 
end of it to the stay, as at A, 37. 

Place the right fore 
part on the table, 
right sidti uppermost, 
baste on tlie button 
and catch, keeping the 
top level with the top 
of knickers : machine 
from the top to the 
fork, } in. from edge ; 
open and f)re8s the 
seam, and baste the 
linen stay J in. over 
this [A and B, 38]. 

Turn in the edges of 
linen facing } in. on 
each side ; and place on 
the top of button 
catch, on the right 
side ; stitch across the 
top, turn over f€ and 
D, 38], baste in posi- 
tion with the straight 
edge I in. over the 
seam to hide this. 

Baste the curved side, 
turn over on the right 
side, and stitch ^ in, to 
the left of seam. Turn 
over again, and stitch the curved part ; remove 
the bastings, and press. 

Putting in the PocKets. Nick the open- 
ing on the fore parts at the seam A at waist, 
and also 5.J in. below this. Take a linen stay, 
Ij in. wide and IJ in, longer than the opening, 
and tack to this from 1 in. above the nick on 
wrong side. 

Now cut the facings. Tliesc should be of 
cloth 1 in. longer than the opening, 2 in. wide 
at top, and I in. at bottom. Place one piece on 
the right side of left fore part, with the widest 
part to the top, J in. above and below the open- 
ing ; baste and stitch [39]. 

Remove the >)asting, open and press on sleeve* 


board ; turn the facing back, baste again, 
keeping the edges even, and the seam out at 
top and bottom — ».e., where th^ nicks come [89] ; 
press over a damp cloth to make the seam as 
thin as possible ; stitch and remove basting. 

In good tailoring, strong and thin should 
l)e the motto ; the first to apply to the making 
and flnishing, the second to seams and edges. 

Now cut the pockets, which must be of 
“ pocketing,” and 11 in. square. Fold through 
the centre, and shape in this manner. Draw 
a chalk line across, 4 in. up from the bottom, 
and in. from this draw another for pocket- 
opening . A t the top, one side mu st be sloped away 
1 in. to make it narrower than at the bottom [40]. 

Cut the cloth facings 
for back of pocket 
2 in. wide and 6J in. 
long ; open a pocket, 
place one edge on 
the front facing, as 
near the edge at the 
bottom as possible, 
and 1 in. from edge 
at the top, with the 
nick of pocket on the 
end of facing [41 J. 
Stitch and turn the 
former back, creasing 
it down with the 
thumb. ’ 

Take the back fac- 
ing, place on th(? 
pocket mouth, J in. 
above and below the 
0 })ening, turn the back 
of pocket over to the 
hunng, place the nick 
to the bottom of this. 
Turn facing and 
pocket back together 
and baste, then stitch 
the inner edge of facing 
<o the pocket. The inner edge must bo turned in 
if tht) material be thin or likely to ravel [42]. 

Fold the pocket over again, with the facing 
turned back. Take a piece of linen IJ in. 
wide, folded in half ; turn up edges J in. at 
the bottom, and stitch the raw-edged side 
to the edge of pocket. Cnia&o the seam 
back, turn the pocket over, placing the nicks 
together, and stitch the bottom of * pocket 
from the fold to nicks. Trim the pocket 
round, turn inside out and stitch again from 
the nicks to the fold. Now place the back 
facing on the pocket mouthy with the pocket 
turned back ; secure well to the nicks at both 
ends of pocket. 



42. INSIDK OP POCKET WITH p.ACINO 
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•yWO abbreviating devices, which are employed 
^ with much success in Pitiiian’s Shorthand, 
are described in this lesson, 'flie hist is the 
systematic omission of medial consonants and 
the contraction of the outlines for certain long 
words of frectueiit occurrence ; and the second, 
which is known as pJirasoograpliy, consists of 
the joining of two, tiirec, or more words with- 
(nit lifting tJio i)en. 

Contractions. The croisonant p is 
omitted between m and / ; thus 


V V V 'L 

p\unppd, plnmpvd^ hmujicd, /nna^«*(/, 

‘ L 0. 

ddtmpsd, Ktdmpod, ikuinped, camp^xl. 

F between m and sh ; thus 

'VS 

l>re.sif»rp/K>>i, asmiup* iou . 

List of Contractions. 


T ‘between s and another coiisoiiaiu ; Ihus 

> A 

jfjo.shrj/*', ptt.dutjo xtumpSy post Opi'Cy 

^ ^ 

posip(nn% poslpoHi'iiu'ntsy inosly hiosthj^ hoticaty 

V t k 

I 

hiddnUpy ff'sl inniinj, h'sllinuHlft/, l(‘stamf'7li, 

K or tr between nn and t or .s/t ; thus 

Ik| Ih \n^ 

dist iiiciy d I'd i utl uniy d isf I idjindiy 

V. ^ 

iHdicI i I ij. 


un.»'t(n(,'<y siou’f ion, 

The following speci.d contractions should be 
committed to memory. 


Ackiiowledge-d 

-7 — y 

altogether 

anything 

urchitec.t-ure-al 

Better than ^ 
Catholic "T 

character !vrT. 

'•haraeteristic ‘i 

Danger ^ 

dangerous ^ 

destruc^tion <|^ 
difficulty 

«ti8iiiterested>nes8 

doctrine |] 

domestic ^ir- 
Enlarge*d "F 

especial-ly 
essential-ly 
eotablish-ed-meut ^ 

everything 
expect-ed “V 

0T6ii|.ed>]iient 


Immediate 

imin<»diate)y 

impossible 

impi'acticable 

."V 

improbable-bly- 

ility 

inconsistent "P 
inconsistency ^ 
influence 
influenced . 

influential 
Information 
instruction ’ L 
intercst-ed 
irregular 
Kingdom 
knowledge 
Magazine 

manuscript 

messenger 


more than 

Natural-ly 
neglect-ed 
never 

nevertheless ^ 
next 
nothing 

iiotwith^lauilintf 

Object ^ 

I objection ^ 

I Pariinment-ary 

1 peciiliai’-ity \ — 

I pei’fonn-ed W 

I porfonniinrc \/Vd 

^ ^ ! iierformer \/V-- 

i phoiu»{jrupher 

; p)i<mof;rnphit’ 

^ pra< l'n‘e-d-fal-ly — 

— practicable ^ ^ 

' probable-bly or 
^ i probability 


public-sh-ed 

publication 

Uather or 
wi'iter 

rather than 
reform-ed /V. 

rpfonual iun 

veformer 

regular 

C~t 

rcinsirliiiMe-ly ^ 

repr(*scnt-ed 

iTprcaoi.trtlion 

rpprertMiiHtive 

republic 


subscribe-d V- 
subscription 
surprise -V-. 
Temperance Un 
thankful 
together > — 

transcript 
transfei* ^ 

transgress J-» 
transgression 3-3 
Unanimity or 
unanimous ^ 
undei’staiid 'f 
understood "f 


republican j unexpe. tod.ly " ^ 

rcspect-ed A j uniform-ity Z"-' 


mistake-n i prospect 


Reverend /V 
Satisfaction 
satisfactory J'' 
something <rw 
stranger ^ 

subject y 


iniiiiniiontiMl .... 

unanJisfaclory 

Whatever ^ 
whenever 

Yesterday ^ 
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Tick The. A slaniing tick, joinod U'^ the 
preceding character, and usually written down- 
ward, is employed to represent the; tlius 

. 's ^ '1 

far the, in the, is the, nuike the, Mh the. 
When it is more convenient, the tick is written 
upward ; thus * 

% V t " 

fiSrinthe, above the, before the, s<tldfhe, on the. 
In order to keep on the dlstinet from '• I, the 
first stroke must be written sloping. The tick 
the must never be used initially. 

Phrase Of the. The phrase of the may be 
expressed by writing the two words which it 
connects closk to kach ^)ther, and in tliis way 
indicatitig that one is “of the” other; thus 

phm of the. work, t<ono' of the 

indicaiion'i, result of the nn^osure, 

a statement of the aetual eonditlon 
of the country. The method of imitating of ttw 
cannot ])e mistaken, in practice, for this mode 
of expressing eon- or eom,-. When of the is 
followed by coa-, Avrito the dot for eon-; fhns 

Cjjak close of the. eontest. These melluxls must 
not bo employed after a dot or dash vow'el sign, 
as J jp a condensed account, ^ (wo if the 
principal men, wo\ild not be distinct. * 

Phraseography. The phonograidiic char- 
acters for a common phrase, consisting of several 
words naturally related to each other, are joined 
together and written without lifting the pen ; 

for example ^ \ may he is Avritten (hus 
and ^ ^ J have been, thus 

Those groups of joined characters are knowm as 
phrasecjgrams, and the employment of this 
method of writing is styled phriisoography. 
Plintseograms should not be made of word.s that 
can only ho joined with difficulty, nor should 
they be too long, or carry the |)eii too far from 
the line. The phraseograius in the following 
table should be copied several times till they 
can be readily used. 

In phraseogiaphy I is freriuently abbreviated 
by writing the first stroke only, for example 

represents / am, and .' 3 . T can. 
Generally, the first logt)gram in a }>hrase 
must occupy its proper position, thus ITTN can Iw, 
n — yon can; but a logogi*am wu’itt^n in the 
first position may be raised or lowered to 
accommodate it to the following chavfvcter, 

thus 1 had, T see, 

A logogram or phraseogram may l>e Avritten 
over or close to a word to express con- or com - ; 

thus //^ you will comply, ^ 1 am content. 
There or their may be added to a curved full- 
length logogram by doubling it ; thus 

fron\ theivy in their, \^if there- 


PhMkMogramg, 


1 Ido 

V) ( I do not 
-■ i I had not 

^ I did not 

I have 


1 

v» 


r/' 


I thi> k 
1 was 
I shall 
I shall be 
1 am 
1 Avill 
yon can 
yon cannot 
yon may 
yon must 
you must not 
you will 
f/\ you will ]>e 
./I you will do 
'v-' yon are 
^ he thinks 
^ he was 
I--' he may 
r" he will 
1 , he would 
we are 

^/V we have 

we ha ve not 

•WO hllNC HOOIl 

it is 

it is not 
it is^ said 
it should he 
it would be 
.Trl of <?ourse 
'''t of course it is 
to you < 
^ to him 
to me 
to them . 

X. and have 
\ and it is 


I 

L 

I 


and the 
should be ’ 
should do 
C as it is 
^ as it should be 
as well as 
m has not 
- p— * is it 

is not 

I wlio have 
i Avho would 
i.. who would not 
•' ^ who would be 
that is 
J:. that yf>u 

. that you ai*o 

4- ^ \vhi<*h you mar 

Avlucli you will 
4 whi(rh cannot 
I with it 
/ with which 
( ‘ with them 
y* when he was 
' 'j- - when it 
" p " would it 
would be 

— ' could not 

j ( do not 
had not 

J did not : 

^ for you 




for this 


V for this ' 
imson 

^ in which 

in this way 

ouv own 

^ so th^ 

if" they will 

(> this is 



ConcluBlan* In the preceding lessons the 
student has had placed before him all the 
essential features of Hir Isaac Pitman^s system of 
shorthand. He should make himself thoroughly 
familiar, not only with the phonographic char- 
acters, but with the principles which govern 
their employment, so that he may correctly use 
the signs for the represenUtion of any wm-ds in 
tlie language. He is cautioned against intro- 
ducing any abbreviations not s/inctioned by the 
rules, because these have been framed as the 
result of over sixty years’ employment of the 
art in aU descriptions of note-taking, and the 
chief object aimed at has been the avoidance 
of fonns which would tend to illegibility, 
ambiguity, or error. 

The student has now to attain sjjoed in the 
writing of shorthand, so that he may employ 
the art in taking notes from dictation in the 
office, or in recording speeches and addresses 
for newspaper puiposos or otherwise. In the 
ac<|uireinent of shorthand speed, t.lie most 
important factor is praotk^k. This shotdd at 
the outset take the form of note-taking from 
the reading of another person at a rate which 
will enable the writer to record every word 
that is uttered. As the note-taker becomes 
moi*e dexterous, or, in other words, increases 
his speed, the reader can (piicken liis rate of 
uttemneo, and the note-taker will thus gradually 
attain to a higher speed of writing. 

In choosing matter for dictation practice, re- 
gard should he paid to the particular purjioso 
for which the art is being acipiired. A book of 
commercial letters and business forms will 
provide the nuwt advantageous i)ractice for the 
young shoithand correspondent ; the private 
secrotaiy should select such works as are likely- 
to prove useful in his daily work ; and the 
embryo reporter should follow the dictation of 
speeches, lectures, and ])arliamentary debates. 

A number of useful works for this purpose are 
included in the catalogue of shorthand works 
published by Sir Isaac Pitman & Sons, Ltd., 

I Amen Comer, London, E.C, 

From the beginning of his speed ])ractice, 
the student should strictly avoid a careless and 
inaccurate stylo of writing; slovenliness in 
note-taking will result in either illegibility oj* 
inaciSi^acy, which cannot but prove a serious 
drawback to the successful use of shorthand. 
The student should cultivaio the ability to 
read his notes with readincas and accuracy. It 
is a ■ good practice to road f>ver systematically 
to'tJ\e dictator a considerable portion of the 
notes which have been written a day or twM> 
before, taking careful note of any divergencies 
from the dictated text, and their cause. 
Occasionally, portions of the notes should be 
written out in longhand, or typewritten, in 
order to test the student’s ability in accuracy 
and facility in transcription. The reading of 
shorthand ^ntod in the Reporting Style is 
most essential, in order that the student may 
gain a wide familiarity with outlines. 

Shorthand 


SHOBTHAND 

Key to Exercise in Last Lesson. 

1 1 C\ ^ ^ 

2V.. 





1 ^ ( 

\ 0 

0 cr* ^ 


- cr^ 

< r 

»F,. J L., ' 

^ iv., . 


O 

. J 

X I 



- 4 - 


L , 

1 ■ X ' - 

1 /-S 

1; ^ 

\ 

0 \ ^ 

- - ^ 1 X 


. ( " 

\ 

. 'S^.P 

» 1 > 

- < V 


r ^ 0 



1 C > O' 


) ^ 

. N ■ 

^ ' 1 


7 

*! A 


^ \ ’ 4, 

_ \ “ 


.1... 


.No,,' .4. 

. ^ 

/ 


.A 

/ 

— c~ X 

« ^ V, 


N. . 

[f \ 

f 1. ^ ' 

" ■ , C 

^ \ 

)! 

9 ^ ■ 1. . 

s 

4 

^ ^ 

^ V 

9 

^ ...).. 4 


..1, ^ 

10 


^ -N J- 

r 

J 



/ 0 


X 

11 

1 O 

" J; s, ^ 

NO 

s 


, ■ 

1 

V ' 

1, ^ 

-X- 

J 1 

, V 1 

' 1 . ^ ^ C 


c— 

( \ 

) ^ 

X 12 1 / \ 

\ < / 

) J 

4 . . 

^ .4. 

" ^ 'L 1 

0 V 

■ 

— ( 

1 r " 

s - N - 

\ ( C « 

1 

t 


13 w ( .^ 

No, ^ 


.(T, 

(. 

. N, r 

c /*s .J 

/.X 

u 

V N 

■ — ✓ 

r \ ' 

) s .L . 

J 




- ) -/ 

/ 

.. f 

) ' 

0 ' 1 ✓ > 

•' \ ^ 

i’* 





Condudtd 


im 



Group 7 

KEEPING THE JOURNAL 

CLERKSHIP 

10 

Procedure in Scottish Banks. Acceptances. Origin of the 

CoiiUnui'd from page 

Journal. Double Entry. Record of Bill Transactions 


/ 


By A. J. WINDUS 


exaraininj^ the pass book, it is found that the 
^ discount debit is entered under date of Sep- 
tember 26th among the checjues drawn by Bevan 
& Kirk, and honoured by the bank. As a matter 
of convenience, therefore, l^evan & Kirk treat the 
debit slip as if it were a clieque which they them- 
selves had drawn in favour of their bankers, tmd 
enter the amount of it on the payment sid<‘ of 
the cash book under the date when it was 
received. 


It would be logically correct not to do this, 
but to make the entry on the opposite side 
of the cash book, putting the amount in the 
column specially provided for discounts allowed ; 
but then it would not be so easy to make the pass 
book agree with the cash book as under the plan 
adopted. 


Procedure in Scottish Banks. In 

Scottish banks, the procedure is slightly different. 
Here, the not amounts only of discounted bills 
are credited to customers’ accounts. It is usual, 
however, for customers to present their pass books 
when paying in money and cheques, etc., w'hich 
is not the case in tingland. Suppose, therefore, 
the bill for £20 lOs. 6d. had been sold to a bank 
in Glasgow ; directly it had b(^en discounted, 
the not amount w'ould have boon Avritten in the 
pass book. The discount charge of 3s., being 
already involved in the net figure of £20 7s. Od., 
would not, of course, appear as a separate item on 
the opposite side of the pass book. In the event 
of the pass book not being produced at the time 
the bill was discounted, a duplicate credit sli]» 
showing the net proceeds of the bill would he 
issued to the customer, the bank retaining the 
original. 

English and Scottish Pass Books. 

Probably, the most convenient way of recording 
in the trader's books of account the transaction 
as here outlined would be to make the entry on 


the debit side of the cash hook as explained, but 
in skeleton form — that is, with the amount left 
blank to be filled in immediately the correct 
figure was obtained from the bank. There is a 
margin of 3s. between the total of £20 lOs. 6d., 
for which the acceptor, J. Wake, should receive 
credit, and the lesser sum of £20 7s. fid., with 
which he would have bt^en credited through the 
cash book had the acceptance boon discounted 
in Glasgow. Such margin or difference may 
either be treated as cash discount, and (ntered 
in the discount column of the cash book alongside 
the principal amount, or, preferably, may be 
<lealt with through the journal ~ a hook that will 
come under our notice in relation to the next 
transaction taken. Further remarks on points 
of dilTercnce b(fiween English and Scottish pass 
books, and pass book entries, may be postponed 
until the method of reconciling the pass book 
and the cash book claims our attention. 

Acceptances. There still remain some 
features of transaction (n) which would repay 
our scrutiny, but since more than one of them 
will be reproduced in (m), let us now make that 
the subject of iiKpiiry. 

"IVansaction (rw)» Sept. 25th. Accepted Henry 
Noi’gaUi's draft at 2 months for £55 4s. 1 Id., 
payable at the Commercial Banking Com- 
pany, in settlement of account to tlu^ 
19th, 

It is not improbable that this draft was 
accej)ted by virtue of a standing arrangomf nt 
between Bevan Kirk and Norgate, under 
Avhich the latter regularly sends drafts for 
acceptance along with the monthly statements 
of account. By accepting Norgate’s drafts, 
Bovan & Kirk lo.se the cash discounts, but obtain 
an extension of credit, which is worth something 
to them, no doubt. 

The draft will read somewhat as follows ; 









PAYABLE 


'OLURKBHW 



It may bo that when Norgate receives the 
acceptance he will discount it as Bevan Sc Kirk 
discounted the one received from Wake. But 
the question is : How is the transaotion to be 
dealt with in Bevan Sc Kirk’s books ? Accept- 
ance of a bill of exchange is not payment, but 
merely a promise to pay at a future date. There- 
fore, the transaction should not appear in the 
cash book, which is a register of receipls and 
payments. Certainly the bill book is affected, 
because the rule is tnat all bills must be enton^d 
therein ; but the bill book in the system we are 
describing is not so much a book of original as a 
book of additional entry, and the transaction 
must accordingly be enrolled, not only in the 
bill book, but also in a journal. 

Remembering that the bill book is divided 
into two parts, one part being reserved for bills 
receivable, and the other for bills payable, wo 
first decide that from Bevan Si Kirk’s point of 
view the acceptance is a bill payable, because it 
represents an amount payable by the firm, and 
then wo (mter it in the form hero given, in the 
section of the bill book devoted to bills payable. 

Origin of the Journal. Tt has been 
stated that “ journal ’’ and “ book of original 
entry ” are s3monymous terms. There are 
several journals mentioned in our list, as 
day book, invoice book, outwards returns 
book, etc. There is also one book bearing the 
title of Journal with a (japitiil J. Other books 
of original entry are journals, but this book is 
the Journal, being a survival of the celebrated 
system of bookkeeping indifferently known os 
the Italian or Venetian method. To the Genoese 
and Venetian bookkeepers of the Middle Ages 
belongs the credit of having invented or re- 
discovered the art of double entry. Three books 
formed a complete set — the Memorial, the 
Journal, and the Quaderno, or Ledger. The first- 
named is sometimes met with cv(ui yet under 
the title of waste book or rough book. It was 
practically a business diary containing a record 
of operations or events, one aftt^r another in the 
order of their occurrence, each day’s transac- 
tions being preceded by the date. The entries 
m the Memorial were generally in the form of 
brief narratives, very similar to the series of 
transactions we are now studying. It was but 
.seldom that the debit and credit effect of a 
transaction could be seen at a glance, and this 
fact, joined to other considerations, revealed 
the need of a book which might servo as the 
medium for the posting of items to the ledger. 

In such a book the entries would bo collected 
from the Memorial, arranged in debit and credit 
form, classified under appropriate heads of 
account, and finally carried to the ledger. 
Thus, the Journal originated. By force of 
circumstances its authors and their immediate 
successors were compelled to enter separately 
therein each transaction recorded in the 
Memorial. Thus, if three di^btors, P, Q, and 
R, happened to pay their accounts on the same 
day there would be three entries in the Memorial 
in narrative form, and three in the journal in 
the following form : Cash Dr. to P, Cash Dr. 
♦o Q, Cash Dr. to R. 
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By the time the necessity for this absolute It cannot be denied that Continental traders 
separation of kindred items had disappeared, generally and a respectable minority < of busi- 

the custom of journalising each transaction, ness houses in the United Kinj^om still treat 

independently of every other, had grown into the Journal with all, or almost all, the 

an article of faith among bookkeepers, and respect which it once enjoyed. The only 

proposals for the condensing of entries were concession they make to the modem spirit 

regarded with grave suspicion, llie truth is is to exc;lude cash and, perhaps, discount items 

the Venetian school have been so bedazzled from the Journal, entering them direct into 

with the beauty of the fundamental proposi- the cash book or petty cash book as the case 

tion, “ for every debit there must be an equal may be. But your time-saving bookkeeper 

credit,” that tpeir eyes have been blindid to of the present day makes his journal entries 

the not le.ss admirable corollary which states that as few iis possible, limiting thorn to such as 

the rule is sat isfied if the single debit equals the are either opening, closing or special entries, 

sum of the several ei'edits (and vice versa). or transfers. Just now we are concerned with 

Working Principle of Double £ntry. the third group. Special entries go into the 

For instance, if W, X, and Y pay £50 apiece journal because there is no other place for them, 

on the same day, just one debit of £150 to They arc mostly itcuns of rare occurrence, 

Uash is necessary as against credits of £5t} items for which, in consequence, no specific 

to W, £50 to X, and £50 to Y. The proof book of original entry has been i)iovided. 
of the corollary was given in Part 4, but its ^ j ^ ^ 

overwhelming importance as the great working " Transactions. Clearly 

principle in double entry bookkeeping will bo bill tmnsaction referred to m {m) must 

more and more appreciated by the student journal, 

as his knowledge of the subject- increases. 'Fhe JOURNAL 

discovery and application of this simple law' 
mark an epoch in the history of accounting, and 
have worked a revolution in its methods. 

Breaking up the Journal. Formerly, 
there w^as but one book — the Journal -from 
which postings to the ledger could be made, 
and because the Memorial w'as, as its name 
implied, not so much an account book as a 
memorandum book, the Journal came to be 
looked upon as the real book of original or 
primary entry. To-day w'o find the Journal 
subdivided into day book or sales journal, 
invoice book or bought journal, returns inward 
journal, returns outw^ard journal, and other 
books of primary entry with whose names and 
functions we shall become familiar. C-ash 
items, once so plentiful in the Journal, are now 
rigorously excluded therefrom and are enU^red By rule {a) [see page 401], Norgate must be 
in tw^o books specially devoted to them, which debited because he receives soraetFiing — m., 

are properly cash journals, but arc known as Bovan & Kirk’s aecoptanco, and by rule (c) 

bank cash book and petty cash book. Naturally, bills payable account must bo credited because 

the Journal itself was vastly reduced in hulk the bill goes out . Notice that one moi:ey 

hy the process of subdivision here de.scribod. column in the journal is reserved for debits and 

With the exclusion of all items of purchases, the other for credits. The reason for this will 

sales, and returns, and the banishment of all appear in due course, but before passing on to 

cash items, it w'asted to a mere shadow of its Transaction (o) we must retrace our stops for 

former self. a short distance. 

Continued 
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Section T. GRAMMAR 

Irregular Verbs : Third Conjugation 

Continued 

Perfect reduplicates, Supin'>, turn or Aimt, 


pendo 

pejiendi 

})€msum 

weigh 

tendo 

tetendi 

tensum 

stretch 



(t-entum) 

disco 

didici 

— 

learn 

posco 

poposei 

— 

demand 

ourro 

cucurri 

cursum 

run 

pungo 

pupugi 

punctiim 

prick 

tundo 

tiitudi 

tunsum, 

thump 



or tusum 

fallo 

fefclli 

falsum 

deceive 

parco 

peperci 

parsum 

spare 

pario 

peperi 

par turn 

bring forth 

cado 

cecidi 

casiini 

fall 

caftdo 

cecTdi 

ca^sum 

cuty heat 

cano 

cecini 

nantum 

sing 

pango 

pepigi 

pactum 

fasten 

tango 

tetigi 

tactum 

touch ^ 

pello 

pt'puli 

pulsum 

drive 

tollo 

(siistuli) 

(sublatuin) 

raise 

4 with lengthened stem-vowel, 4um (three -sum). 

facio 

feci 

factum 

doy make 

jaeio 

jeei 

jactum 

throw 

linquo 

liqui 

-lie turn 

leave 

vinco 

vici 

victum 

conquer 

ago 

egi 

actum 

doy drive 

frango 

fregi 

fraetum 

break 

lego 

leg' 

lectum 

chsjse, read 

fugio 

fugi 

fugituni 

pie. 

edo 

edi 

esum 

eat 

fodio 

fodi 

fossum 

dig 

fundo 

fudi 

fusum 

pour 

capio 

cepi 

captum 

take 

rumpo 

rupi 

ruptum 

break 

emo 

eini 

emptum 

buy 


B. 

U- Verbs. 




■?, -turn. 


acuo 

acui 

aoutum 

sharpen 


Also, argftco (prove), farwo (put off), inAuo (put on), 
ifnhuo (tinge), minuo (lessen), statvo (set up), 
tribm (assign). Metm (fear) and nuo (nod) 
have no supine. 


juo 

lui 

lui turn, 

wcuihy atone 


or lutura 


mo 

rui 

rui turn 

rushy fall 

solvo 

solvi 

solutum 

loosen 

volvo 

volvi 

volutum 

roll. 


Deponents. 


Pt€8- 

Infin. 

Pf. Ptc. 


fungor 

-i 

functus 

perform 

ampleotor 

-i 

amplexus 

embrace 

nitor 

-i 

nisus, or nixus 

strive 


patior 

-i passus 

suffer 

ut-or 

'i usus 

■use 

gradior 

-i gressus 

step 

kibor 

i lapsus 

glide. 

morior 

-i inortuus 

die 

qu<‘ror 

-i questus 

cx)m plain 

fruor 

-i fiTiitus (fructus) enjoy 

loquor 

-i locutus 

Hpeak 

sequoi' 

-i secutus 

follow 

apiscor 

-i aptus 

obtain 

comminiscor -i cominenius 

devise 

(jxpergisoor 

-i oxperrecius 

wake up 

fatiscor 

-i fessus 

grow tired 

irascor 

-i iratuR 

he angry 

nanciscor 

-i nactus 

obtain 

iiasc^or 

-i natiis 

be horn 

obliviscor 

-i ohlitus 

forget 

paciscior 

-i paetus 

bargain 

proficiseor 

-i protect ns 

set out 

ulciseor 

-i ultus 

avenge 

Irregular 

Verbs : Fourth Conjugation 

• ui or 4viy 4um. 

aperio 

aperui apertum 

open 

operio 

operui oportum 

cover 

sal in 

saliii (saltum) 

leap 

sepelio 

sepelivi sepultum 

-iy -turn. 

bury 

comtxTio 

comperi compertiim find 

reperio 

repperi re pert urn 

discover 

venio 

veni von turn 

-si, -turn (one, -sum). 

come 

fulcio 

fiilsi fultum 

prop 

saneio 

sanxi sanctum 

consecraie 

vineio 

vinxi vinctuni 

bind 

haurio 

liausi haustum 

drain 

sentio 

sensi sensum 

Deponents. 

feel 

assentior 

-iri a^;8ensus 

agree to 

experior 

-iri expertus 

try 

metior 

-iri rnensus 

measure. 

opperior 

-iri oppertus 

wait for 

ordior 

-iri orsus 

begin 

orior 

-iri ortus 

rise 


Note. The following verbs, while apparently 
of the fourth conjugation, are really third : 

Capio, CHpio, fncio, fodio^ fugio, jacio, pario^ 
rapioy mpio, quatio^ compounds of specio and 
laciOf gradiory patiovy morior ; and in some tenses 
orior and potior. In their present stem forms 
they usually retain the -iy but not before t, 
final e, and short er — e.g., capianiy cappy mpefty 
cajnendum. 

Morior and orior have future participles — 
moriturm and oriturus. 
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Orior is eonjugat-ed like patiotf except a few 
forms which follow the fourth conjugation : 
brin’, orireTf etc. Potior follows the fourth, but 
occasionally wavers between third and fourth : 
poterer and potirer. 

Verbs Compounded with Preposi- 
tions. Simple verbs are not so often used in 
Latin as veri>s compounded with a preposition, 
the piep. either strongtliening or changing the 
meaning. I’lie following are the chief changes 
of prepositions in oom position : 

1 . J, fih- become a- before m, {nmitto^ nroco) ; 
before r, t (abscedo, nhst^rgn) ; as- before p 

(asporto) ; an- ]>efore / (mifcro). But afin (from 
aJbsimi). 

2. Ad- be(!omes a- l.'cfore gn. sc, sp (ascendo, 
aspirin, agnosro). 

It remains ad- b( fore />, d, h, j, wi, r, and vowels, 
but is assimilated before other letters : nffmt, 
nssisto. 

3. Con- (for eum), and in, arc written com-, 
iw-, l)ofore p, h, ni {compplii, imhiw), but are 
anaiiuilated before /, r : collndo, irruo. '^rhey 
remain unchanged before other consonants, 
cX^et^pt that : 

Con- becomes co- before /<, gn, and vowels : coc), 
cognosco. Also, ignnsro. 

4. Oh-, sub; aie assimilated before c, g, p, / .* 
occurro, snffero ; except snscipio, snscito, sv.spvndo, 
suspicio. 

They remain before oUkt letters, except 
svsfineo, sustallo, snstuli, surripio. 

Note oinitto, osiendo. 

5. E-<, cx- are assimilated before /.* effero. 
Ex- before vowels, h, c, q, p, .<?, t ; e- before other 
letters: edneo, croco. 

(». Trans- becomes tra- before d, j, n : trado, 
trajicio, trnnn. 

7. Ois- (inseparable j>rcfix) is assimilated 
befoie / ; differo. It becomes di- before s with 
consonant {distringo) and certain consonants 
(dirm). Note dirimo for disimo. 

8. Rf.-, rse- (inseparable prefixes) add d in 
reddo, redeo, redhibco, redimo, rcdoleoy seditio 
(noun). 

In addition to the clianges in the preps., 
there is a vowel cliang<? in the verbs themselves 
in iKJComing compounds~e.(/., concutio (guatio), 
collido (l(xdo)y cxphdo (plavdo), exigo {ago), 
confieio (facio), con fi tear {fatenr), retin eo (teneo), 
etc. The student must look these up for him- 
self in the dictionary, as he conics across them in 
his reading. 

SicriTON II. SYNTAX 

Questions to wliieh an affirmative answer is 
expected are introduced in Latin by nonne, 

Wlien a negative answer is expected, by num. 

When the answer is absolutely an open matter, 
by the enclitic -ne added usually to the first 
word of the sentence— e.j/., 

iYttW. puias bis bina esse quinque ? ~ you 
surely don’t think that twice two are five, do 
|rou ? 

Nonne Ccesar erat imperator maximus = was 
not Cmsar a mighty general ? 

Pulasne me patria similem esse - do you think 
t|;iat I am like my father ? . ; 
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The above arc all direct questions. In indirect 
questions — i.e,, questions depending on a verb — 
the verb in the question is subjunctive. 
“ Whetbci ” and “ if ” in such sentences are 
rendered by (J ) vtrmn, followed by an or ne ; 
(2) num — e.g.y Rogamt iitrum hcec vera essent 
anvon — he asked whether this was true or 
not. 

Noie. DistinguLsIi lH;iween “ whether ” thus 
introducing a dependent clause, and “ whether ” 
used to express a condition ; the latter is sive, 
a compound of si ^ {{--e.g. : 

fla^c, sire vera su7it sire falsa, nullo modo me 
movent whether — i.r., if -this is true or false 
I am not iroubh^d by it. 

Tdioivi/vtk^ Sentences to he put into Latin. 

1. Socrates was called to trial on the ehavge 
of corrupting the youth, but in reality because 
he had liecomo suspecteil by those* in power. 

2. He is too wise to err. too good to bt* 
unkind. 

X He eame to siieb a [>iteli of folly that be 
could not b<‘ p(‘rsuaded to eat. 

4. It was resol vetl to send amliassadors to 
ask what wa^e tlie^ meaning of these repe^ated 
insults. 

5. I hear that she died four years after re- 
turning home ; I tear tliat lier ehildien are in 
veiy poor cireumslam’es. 

r>. If you help me, I shall rejoice ; if not, I 
shall not take it ill. 

7. The enemy at onee sounded a retreat. 
When he heard this, the general bade bis men 
also retire. 

8. 1 eame to see you at one(‘, inasmuch as I 
had received many kindnesses at your hands. 

0. Although he w.as the tirst b) leave the 
ship, he is not the man to he a coward. 

10. I am different from what 1 once was ; so it 
is absolutely necessary for me to remain at homo 
for several days. ^ 

Latin Version ob' the Above. 

1. Socrates in judicium vocatus est quod 
coiTumperet juventutem, re tamen ipsa quia in 
suspieionem magistratibus venerat. 

2. Sapientior est (|uam qui erret, melior 
quam qui iuclemonter agnt. 

3. Eo stultitiie venit ut illi non persuaderi 
posset ut ederct. 

4. Plaeuit legatos mitti qui rogarent quid 
vellent ba? tot contumelia*. 

5. Nuntiatum est mihi illam anno quarto 
post(juam doinum rediissot mortuam esse : cujus 
liberi timeo ne pauperriini sint. 

6. Si mihi subvenies {note tense), gaudebo : 
sin minus, baud a*gre feram. 

7. Hostea confestim receptui canunt. Quod 
quum audivisset imperator, suis quoque ut 
recodant imperat {historic present). 

8. Statim veni te visum, ut qui multa bene- 
ficia a tc aocepissem. 

9. Quamvis primus navem reliquerit, non is 
est qui ignave fugiat. 

10. Alius sum atque olim fui : itaque me 
oportet plures dies domi manere. 
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^ Sbction in. TRANSLATION. 

The Gbeat Ertjption op Vesuvius. 

August 24th, A.D. 79. 

Extract from letter of Pliny the Younger to 
Tacitus. 

Nec multo post ilia nubcs descendere in 
terras, operire maria. Cinxerai Oapreas et 
absconderat : Miseni quod procurrit, abstulerat. 
Turn mater orare, hortari, jubere, quoquo 
modo fugercm ; posse enim jiivenem : se ct 
annis et corporo gravem bene morituram, si 
mihi causa mortis non fuisset. Ego contra, 
salvum me, nisi una, non futurum : dcin maniim 
ejus amplexus, addere gradum cogo. Paret 
oogre, inousatque se, quod me morctur ; jam 
cinis, adhuc tamen rams. Respicio ; donsa 
caligo tergis immincbat, qiiso nos, torrenti.s 
modo infusa tcrrge, scqucbatur. Dcflectamus, 
inquam, dum vidcmus, ne in via strati comi- 
tantium turba in tcnebris obteramur. Vix 
consederamus, et nox, non qiialis illunis aut 
nubila, sed qualis in locis clausis lumine ex- 
stincto. Audires ululatus fcminarum, infantium 
quiritatus, claniore.s virorum. Alii parentcs, 
alii liberos, alii conjuges vocibus requirebant, 
vocibus noscitabant. TIi suum casum, illi 
suorum miserabantur. Erant qui metu mortis 
mortem prccarentur. Multi ad deos manus 
tollere : plures, nusquam jam dcos ullos, 
a^temamque illam et novissimarn noctem 
mundo interpretabantiir. 

English Version op Above. 

Not long afterwards that cloud descended 
(historic infinitive) over the land and covered 
the sea. It had encircled Caprcie and blotted it 
out : it had removed from our sight the pro- 
montory of Misenum. Then ray mother begged, 
exhorted, ordered me to llee in whatever way 


i might, (saying) that a younp manr could, 
and that she, weighed down with years and 
weakne438 of body, would dio happy, if she had 
not been the cause of my death. I on the 
other hand (affirm) that 1 will not bo saved 
unless with her: then clasping her hand, I 
ui-ge her to quicken her step. She obeys 
reluctantly, and blames herself for delaying me. 
Now there are ashes, as yet, however, few and 
far between. I look back ; thick darkness 
overhung us in the rear, and kept following us, 
pouring over the land like a flood. “ Let us 
turn aside,” I say, “ while wc can sec, lest 
Ijeing knocked down in the street we be trampled 
upon in the darkness by the crowd of our 
companions.” Scarcely had wc sat down when 
night (was upon us), not a mere moonless, 
cloudy night, but sucli night as there is in a 
closed room when the light is extinguished. 
You could hear the wailing of women, the cries 
of infants, the shouts of men. Some were 
seeking by the voice, by the voice were recog- 
nising parents, others children, others wives. 
These were pitying their own fate, those that of 
their loved ones. There wei‘e some who, 
through the fear of death, prayed for death. 
Many raised their hands to the gods : while 
more still imagined that there were no longer 
any gods anywhere, and that this was the final 
and everlasting night for the world. 

[Tliis is a more or less literal translation, 
given in order to enable the student to make 
out the meaning of the Latin. ITo should not, 
however, rest content with merely translating 
Uitin literally into English, but should polish 
and rc-polish his English version until it reads 
well and smoothly. For models of translation 
see ” Translations,” by Jebb, Jackson, and 
Cun’ey, published by Bell & Sons.] 
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ENGLISH 

PUNCTUATION— Cowhawerf 

Other stops are ; 

The note, of interrogation (?), placed at tlioend 
of all direct questions — as : “ Wlio is there ? ” 
It is not used after an indirect or reported 
question — as ; “He asked who was there.” 

The ruotc of exclamation (!), used after 
interjections and exclamations; also usually 
after the Vocative Cose— as : “ All hail, great 
master ! ” “ Alas ! ” 

Curved and sqtuire brackets^ ()»[]» 'ised to 
separate certain words from the rest of tlie 
sentence, to add an explanation of a difficult 
word, etc. 

Inverted commas, double “ — ”, or single — 
used to mark quotations. When a quotation 
occurs within a quotation, the inner quotation is 
generaUy madeed by single invented commas — 
as : 

“ Breathes there the man wth soul so dead. 
Who never to himself hath said, 

‘ ‘Miis is my own, my native land ’ ? ” 


By Gerald K, Hibbert* M.A. 

Exercise. 

Punctuate the following passage from one of 
Hans Andersen’s Fairy Tales ; 

“A whiptop and a little ball were together in a 
drawer among some other toys and the top 
said to the ball sliall we not be bridegroom and 
bride as wc live together in the same box but 
the ball which had a coat of morocco leather 
and was just as conceited as any fine lady 
would make no answer to such a proposal next 
day the little boy came to whom the toys 
belonged be painted the top red and yellow 
and hammered a brass nail into it and it looked 
splendid when the top turned round look at 
me he cried to the ball what do you say now 
shall we not be engaged to each other wc suit 
one another so well you jump and I dance no 
one could be happier than we two should bo 
indeed do you think so replied the little ball 
perhaps you do not know my papa and mamma 
were morocco slippers and th^t I have a Spanish 
cork inside me yes but I am made of mahogany 
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said the top and th(^ mayor himself turned me 
he has a tuining lathe of his own and it amuses 
him greatly can T depend upon that aske<l the 
little hall may I never be whipped again if it i? 
not true replied the to]>.” 

('orrect the pnnetuation of the following 
passage, which is altered from oni‘ of Thomas 
lAdler’s “Mix! Contemplations on the.s(^Tinu^s” : 

“ Jn the year of our Lord, 16(^6, there hap})enod 
a sad overflowing of the »Sevein-sea. On both 
sides then^of wliieh, some still nliv'<‘ one I 
hope thankfully remember ? An account. hc‘reof 
was writbni 1o John Stow the industrious 
chronicler froin Dr. Still : then bishop of Bath 
and Wells and three other gentlemen of credit 
to insert in his story one passage, wherein 1 
cannot omit ! ‘ Stow’s Chronicle ’ p ; 889 

Among other things of note it hap|)ened that 
upon the tops of some hills divers, beasts of 
(•ontrary nature had got up for their safety as 
dogs. Cats foxes hares conies moles mice : 
and rats who lemaiiu'd together ? Very p('ace- 
ably without any manner or sign, of f(‘Hr of 
violence one towards another V How much of 
man was there, then, in brute ereaUin's. How 
much of hrutislmess is th(‘i*e now in men. Is 
this a time for those ? Who are sinking for 
the same cause ! To cpiarrel and fall out : f 
dare add no more : but the vvoids of the Apostle 
2 Tim. ii. 7. Consider what V 1 say and tin* 
Lord give you, understanding, in all things.” 
STYLE 

The main object of our study of tin* Englisli 
language is that we may bo able to express 
ourselves clearly in it, whether in writing or in 
speech. We must aim not only at meaning 
exactly what we say, but also at saying exactly 
what w<* mean. It is not enough to have our 
own thouglits and ideas perfectly plain to 
ourselves ; for unless we can convey them 
clearly to other ])eoplo, mistakes occur, mis- 
understandings arise, feelings are often wounded 
unnecessarily, and misehief frequently follows. 

Absolute clearness of style is the result of 
long and careful discipline, but it is a result 
that will well repay the labour. It can be 
cultivated better in writing than in spc'ceh, 
because w'c can revise what wc have written, 
whereas the sjiokcn word is usually forgotten 
as soon as utU'red. AVe should therefore make 
it a practice at first to read and re-read every- 
thing IJint W’C write, looking carefully for any 
ambiguity or any loophole for misunderstanding. 
Wc may l>e certain that if a thing is not quite 
clear to tlie w'rilt'r of it, the elinnees are tljat 
it will be very far from clear to anyone else. 

Perhaps in no matter is tin’s more important 
than in one w'here it is as a rule most neglected- - 
viz., that of writing business letters. It wwdd 
1)6 interesting to know^ the time that has In'cn 
lost and the money that has been w'ast(*d simply 
through confusion and ehimaines.y of expression 
in the letters of our large business firms. 8o far 
from being a matter of theory, to be indulged in 
merely by pedantic* grammarians, the lux^essity 
for a clear style is a very practical matter 
indeed, as thousands of people have too late 
fouB4 ^ tbeir cost. 


Then, when clearness of expression in writing 
has Injen cultivated, (jlearnoss of expression in 
speec'h w ill follow as a matter of course. Have 
you ever noticed the different manner in which 
the same event will be described by a man of 
education and by an unlettered j>orson ? The 
former in a. few^ l)()ld strokes will give you in 
two minutes a clear impression of what he has 
seen : the latter, however, w'ill take at least 
live times as long, owing to his frequent repeti- 
tions and his luinting about for words to convey 
his meaning, aiul at the close your impression of 
the event is still dim and hazy. 

How Not to Write a Letter. As 
an example of what has heem said above, let us 
take the following lett(‘r, written first as it 
.should not l)e written - but too often, alas! is; 
and seamdlff as it should be written. Ilmre 
is no exaggeration here ; thousands of similar 
letters art^ being written every day. 

Ix'tter from a young man applying for the 
post of cashier in a large* business house : 

(The letters in hraekc'ts refer to the notes on 
the next page]. 

Dear Sirs, I have read your advertisement for 

a cashier in the “ — — Gazetb^ ” of yesterday’s 

date, which (a) I have only just seen, and which 
(a) I have great })leasur(‘ in applying for, as 1 
feel to liave all the necessary (?>) qualifications 
which you requin* (h). If you will write to 
.Messrs. Whiter (.V>., 1 have been (r) with them 
thre(^ years, before whieh J was at Brownlove’s, 
Birmingham, w'henr 1 was for nearly five years 
under-cashier, as the testimonials from that 
lirm which (J) 1 gave satisfaction to, and whieh 
(J) 1 enclose liercwith will show. Leaving 
tliem through no fault of my own. you (c) will 
see I ha\*(* liad eight years experience and good 
eliaracter, and while (/) I have never been a 
single penny wrong in my accounts, thoiKsands 
of pounds every week have passed through my 
hands, not only in wages, but having {g) to 
negotiate delicate* matters for the firm which (h) 
needed careful handling. My ag(^ is 31 years 
old («■), although I am not married, and T may. 
say I am a non-smoker, but steady in my 
liabits. and know' shorthand. I should have 
lik(*d to have stayed (k) on in my present situa- 
tion for some things ; hut without {1) I will 
;u*eept a lower salary, the firm is reducing the 
staff owing to some cause or another (m), which 
(?i) I do not see my w'ay to do. While (o) I should 
require a salary "of £180. I do not want to be 
excessive, and should be prepared to enter- 
tain your offer as a firm (p) of first-rate standing 
in the business world, and that {q) you do not 
under pay your servants. Had I have (r) seen 
your advertisement sooner, I would have 
answered it before, as I said at the beginning (s), 
and trust I am not too late now% which (^) is the 
moment T have seen it. Hoping tliis will merit 
your favourable attention when you read it, 
and trusting to hear further from you when I 
should be -delighted to have an interview when 
and whore desired. 

Believe (v) me. Dear Sirs, 

Your obedient servant, 

" X. Y. Z. 



The letter is not entirely ungrammatical, 
tlibu^ lie grainmer is at fault in some places ; 
but it is a fair example of a confused slipshod 
style, common enough in those who have 
never trained themselves to think or write 
(dearly. The faults contained in it art^ almost 
too many to mention, but let us notice some 
of tliem : 

а. The first which refers to “ Gazette" the second 
to no particular antecedent, but to some word 
like “ situation,” which is vaguely in the writer’s 
mind. 

б. Halving said nccemary, ho has no need to 
add “ which you require.” Thow words are 
redundant. 

e. The subject of this second half of the if 
clause should be you^ not I : “If you will 
Anito . . . you will find that I was,” etc. 

d. Here, again, which refers to two different 
antecedents, firm and te^tinumials^ thus causing 
confusion. 

e. The writer having l»ogun with a participle, 

referring to himself, the subject of the 
main sentence should be “ I,” not “ you.” It 
was not “ you ” who were leaving, but “ I.” 

/. This is an example of misplaced emphasis. 
Re means “ Although thousands of pounds 
have passed through my hands every w'eok, I 
have never been a single |X‘nny wrong in my 
accounts.” 

g. Hopelessly mixed. Where is there a noun 
with which the participle having can agree ? 

h. What is the antecedent of which? Was 
it the firm or the delicate matters that needed 
careful handling ? 

i. Old should be omitted. In the rest of this 

sentence the emphasis is hopelessly wrong ; 
although and hut give a false contrast, and what 
has a knowledge of shorthand to do with 
steadiness of habits ? ^ 

k. Should be “ to stay on.” 

L Use the conjunction “ unless ” instead of 
“ without.” 

m. Say either “ some cause or other,” or 
“ one cause or another.” 

n. To what does which refer ? 

o. Wrong emphasis again ; see / above. 

p. Should be “ as being that of a firm.” 

q. The writer makes that depend on some; verb 
like “ knowing,” which he has vaguely in his 
mind. 

r: “ Have ” should be omitted. 

He is here needlessly repeating himself, 
and also irritating the reader, presuming the 
iH:adeir to have re^ so far, which is, doubtful ! 

t A relative pronoun should not refer to an 
adverj)^ such as now, 

V, The writer having used two participles, 
hoping Aid trusting^ both referring to himself, 
the. subject of the main verb of the sentence 
should hiwro. been ’“ I,” not “you” (which is 
the understood subject of believe). He should 
have , mid, “ I remain,” etc. 

These ^ro a jfew .of the details in which the 
letter is wtong. But in addition the sentences 
are far too Itmg and involved, and the whole 
method of expression clumsy and cumbersome 
tn the extr^Oi. 
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Same Letter Re-written. Contrast the 
above letter with the following version of the 
sam? : 

Hear Sirs,— I have only just seen your 
advertisement in the “ Gazette ” of yester- 

day's date, and hasten to apply for the post of 
cashier there ad^ortisi d as vacant. I have been 
three years with my present employers, Messrs. 
White & Co., and before that I was under-cashior 
at Brownlovo’s, Birmingham, for nearly live 
years. I enclose herewith testimonials from the 
latter firm. My present employers kindly allow 
mo to give you their names for reference. I 
have thus had eight years’ experience of the 
class of work required. Thousands of pounds 
have passed through my hands every week, and 
I have often had to negotiate delicate matters of 
business for the firm. I am 31 years old, 
unmarried, and of steady habits. I have also 
a knowledge of shorthand. My present em- 
ployers are reducing their staff owing to various 
reasons, but have asked mo to stay on in their 
employ. As, however, they arc not prepared to 
offer me as high a salary as in the past, I hav<; 
decided to leave. I should require a salary of 
£180 i)er annum ; but if that is a higlier figure 
than you are prepared to offer. I shall be glad 
to hear what you propose. I would leave 
myself largely in your hands in this matter. I 
shall bo pleased to let you have any further 
information you may require, or to have an 
interview with you it you so desire. Tru.sting 
that my application is not too late*, 

I remain, dear sirs, etc. 

Chief Errors of Style. It is impossiblo 
to mention all the errors of stylo that can bo 
committed, but the following arc the most 
common. A good many of them will bo 
found to have been exemplified in the Jotter 
given above. 

1. Irrelative Use of Words. Words are 
often left without any relation whatever. 
Examples : 

“ Your guilt is as great or gn;ater than his,” 
whore as has nothing to which to relate. 

“ He is not only acquainted, but avcU versed 
in English literature,” where acquainted should 
be followed by ivith, to bring it into relation with 
the rest of the sentence. 

“ Having crosst'd the stream, the banks on 
either side fell in,” where having crossed has no 
relation to any other word of the sentence. As 
it stands, it agrees with banks ; but the iJhnks 
did not cross the; river. 

“ Alarmed at the appearance of the sky, a 
terrific peal of thunder shook tlio house, so that 
he ran out,” where alarmed is not related to 
any other word. Grammatically, it agrees with 
peal of thunder, but it was not the peal of tlninder 
that was alarmed. The subject of the main 
sentence should, of course, bo he. 

Such errors as these are usually due to forget- 
fulness or a sudden change of mind on the part 
of the writer or speaker. In the following sen- 
tence, for example, “ I would as soon perish in 
the lowest depths of the sea — yea, die the most 
degrading death that is possible to man' or 
woman, beastW brute, than I would accept life 
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on the terms you offer,” the wriU^r forgets chat 
he has started with “ as soon,” and imagines that 
he has said, I would rather perish.” Hence, 
the use of ttian. There is need of great care to 
avoid errors like these, especially in long and 
involved sentences. 

2. Wrong Order, Many errors arise from 
a wrong or misleading order of words. 

As a rule, a scnU‘nce should run in its natural 
order : Subject (and its limitations), predicate, 
object (and its limitations), adverbial limitations 
of the predicate — as : “ Tlie dying hero spoke 
words of consolation and of cheer in the midst 
of his mortal agorjy.” For the sake of emphasis, 
or for certain other Reasons, the order may be 
altered. But whatever be the oi’der, the im- 
portant point is that the moaning sliall Ix) clear. 

Grtiat care is m;eded in dealing with relative 
pronouns, lest they seem to refer to a sub- 
stantive which is not intended to Ik; their 
antecedent. For example : “ Flo threw a pint 
pot at her head, which smashed into a thousand 
pieces.” “ Much energy was displayed by Mr. 
Smith in running down the strc(;t after his silk 
hat, which he felt might have been devoted to a 
better purpose.” The only way of avoiding this 
pitfall is to place the antecedent immediately 
Iwforo the relative — thus : “ He threw at her 
head a pint pot,” etc. “ Mr. Smith, in running 
down the street after his silk hat, displayed an 
amount of energy,” etc. 

Equal care is mjcessary in dealing wdth adv(‘rbs 
or adverbial phrases, as these have an awkward 
knack of appearing to qualify words whhdi they 
arc not intended to qualify. The following 
examples are among those given by Dr. Gow 
in his book, “ A Method of English ” : 

‘‘ He blew out his brains after bidding Jiis 
wife good-bye with a gun.” 

“ The Moor seizing a bolsU^r full of rag(; and 
jealousy smothers her.” 

“ Erected to the memory of John Phillip 
accidentally shot as a mark of affection by his 
brotlier.” 

” lie w'as driving away from the church where 
he had been married in a coach-and six.” 

“ The young man coloured with pleasure and 
promised to return in quite a gratified tone of 
voice.” 

3. Misplacement of Emphasis. In a 

complex sentence, errors often arise through 
misplacement of emphasis. A sentence which 
ought to be independent and stand alone 
is sometimes thrown into the form of a sub- 
ordinate clause. It fhereby loses the emphasis 
tliat should attach to if-. This is especially the 
case with relative pronouns and adverl s. For 
example, the full force of “He called me a liar, 
and then 1 struck him ” is not adequately repre- 
sented by ” He called me a liar, when 1 struck 
him.” Similarly, with “ I have said it, and I will 
do it,” and “ I have said it, which I will do.” 

Two co-ordinate sentencc.s, each of which 
ought to stand alone, cannot be thrown into the 
form of a singlo complex sentence (one of tho 
two becoming a subordinate clause) without 
loss of meaning. Thus, “ Ink, having a bitter 
taste, makes a mark on paper ” is not a good 
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substitute for “ Ink has a bitter taste : it also 
makes a mark on paper”; for its making a 
mark on paper is not a consequence of its having 
a bitter taste. 

For clearness of stylo and simplicity of 
language the Authorised Version of the English 
Bible is hard to beat. Next to that, perhaps, 
a study of Ruskin's writings will give one an 
idea of beauty and simplicity of style. Let a 
man read nothing but these for three months, and 
he will find his style growing simpler and clearer, 
and at the same t inie more dignitied. When be is 
well .saturated with their spirit, he can turn 
without harm to exponents of other 8tyl(‘s. 
He can ro:id Carlyle without falling into hi.s 
faults, and can pass unscathed through thi“ 
most flowery and ornate sentences of the late 
Dean Farrar. But each man has a stylo of hi^^ 
own for which he is adapted by nature. There- 
fore let his study of the great stylists be 
rather for the perfecting of his own particular 
gift than with the idea of slavishly imitating 
another’s. 

READING ALOUD 

Reading aloud seom‘i to be almost a forgottt'ii 
art. Our grandfathers and grandmothers were 
adepts at it ; but as it is a proc ss that takes soruc' 
time, it does not appeal to th(^ prestiil g('n(;ration. 
Even our public; readers, such as the edergy and 
mini.Hters of all denominations, S(;em to think 
that anything will do in this connection. With 
few' exceptions, the occupiers of our pulpits 
are utterly incompetent readers. It is. however, 
an art tliat is well worth cultivating. It can 
give gri'at pleasure, it can become one of the 
most potent educational agencies in the world, 
and — to put it on its lowest level — it may help 
one very materially to benefit his position 
in life. 

Clearness is here, as in style, the main object. 
We need first to grasp the writer’s meaning, and 
then to convoy that meaning as adequately 
as possible to others. Hurry is fatal to reading 
aloud. A passage that is gabbled over loses its 
intelligibility for the hean^rs. Emphasis is also 
a most important point, a whole passage being 
often “ murdered ” by a mfstako in this respect. 
Finally, w'e must strive to avoid monotony ; 
nothing is more dreary than to listen to a reacier 
who ends every sentence in exactly the same 
key. If anyone' wants an agonising example 
of this, let him listen to a- bad reader reading 
one of the longest psalms in the Psalter. Th(' 
infleetiion of the voice should be carefully 
.studied, so as to give as much variety and life 
as possible to the subject-matter. 

Value of Emphasis. Most people when 
asked if they can read aloud w ill promptly answ er 
“ Yes.” Let us take w'aming from the fate ot 
a young American student in the theological 
seminary at Andover. History relates that he 
had an excellent opinion of liis own talent in 
elocution, and that he once asked his professor 
“ WTiat do I spexiially need to learn in this 
department ? ” 

“You ought just to learn to read,” said the 
professor. 

“ Oh, I can read now!” replied the student 
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The professor handed him a New Testament, ** According to this reading,” the professor 
nnd asked him to road St. Luke xxiv. 25. suggested, “ tlie prophets wore notorious liars.” 
'rho student read, ” Then he said unto them, Tliis wtw not a satisfaetory conclusion ; and 
0 fools, and slow of heart to believe all that the so another trial was made. 

})rophet8 have spoken.” “ O fools, and slow of heart to believe all that 

“ Ah, ” said the professor, “ they were fools the prophets have spoken.'^ 
for believing the prophets, were they ? ” “1 see now,” said tlu^ professor ; “ the prophets 

That was not right ; so the young man tried \\Tote the truth, but they spoke falseJuKks." 
again. [Quoted by W. H. Grosor in his ” Teacher’s 

“ O fools, and slow of heart to believe nil that Manual.”] 

<be prophets have spoken.” Surely it is worth an ellort to become good 

“ The prophots then were sometimes liars ? ” readers. Ten minutes a day spent in careful 
asked the professor. deliberate reading aloud would soon make a 

“ No. 0 fools, and slow of heart to believe great ditference in the delivery of the average 
all that the prophets have spoken.” poison. 

Continued 
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DEMONSTRATIVE ADJECTIVES 

The demonstrative adjectives arc : cc, cet, 
cette^ this or that ; ces, these or those. 

Ce, this, that, is used before a masculine 
singular noun, beginning with a consonant or 
aspirated li : ce village^ this village ; ce hameau^ 
that hamlet. 

Get, this, that, is u.sed before a masculine 
singular noun beginning with a vowel or silent 
h : cet arhrCf this tree ; cet iLoIntf that coat. 

Cette, this, that, is used before any feminine 
singular noun : cette pelousCf this lawn ; cette 
auberget that inn ; cette herbe^ that grass ; cette 
Jiarpe, that harp. 

Ces, these, those, is used before all plural 
nouns : ces milages^ ces hameaux^ ces arhres, 
ces halnts, ces pelouses, ces miberges. 

There may be qualifying adjectives between 
the demonstrative and the noun : ce petit village^ 
ce. grand arbre, ccite vieille maison, ces belles 
ft ears. 

Of themselves, the demonstrative adjectives 
mean both “ this ” and “ that,” in the singular, 
and both “ these ” and ” those ” in the plural. 

When it is required to distinguish between 
nearer and more remote objects, ci ( ?‘ci, here), 
and Ul (there),' are respectively placed after the 
noun, and joined to it by a hyphen : re hijon<i 
est plus precieux que ce hijou-Uiy this jewel is 
more valuable than that jewel ; ces taMeauX’Ci 
so7it pdas beaux que ces tahleaux-ldf these pictures 
arc finer than those pictures. 

POSSESSIVE ADJECTIVES 

1. The possessive adjectives are : 

Masculine. Feminine. Plural. 


My mon ma tnes 

Thy ton ta ten 

His and Her . . son sa ses 

Our no/re tiotre nos 

Your votre vntre vos 

Their Uur lent leurs 


2. PoSBossives agree, not with the possessor, 
as in English, but with that which is possessed, 
thus : mon my father ; ma m^re, my 
mother ; mes enfnnts^ my children. Conse- 


By Louis A. Barbe, B.A, 

queutly, son p^re, means l)oth his father and 
her father ; sa m^.re^ his mother and her mother; 
ses enfants^ his children and her children. 

3. MoUy toUf son are not always masculine. 
They are also used instead of wtt, ta, sa b<doro 
feminine words beginning with a vowel or 
silent h, thus : ignorance, erreur, and histoire 
are feminine, but we say mon ignorance, ton 
errem\ son histoire. 

4. When, from the other words in the sen- 
tence, there can bo no doubt as to the possessor, 
the definitive article is used instead of the 
p()s.sessivo pronoun. This is particularly the 
case with regard to parts of the body : JUii mat 
It la tide, I have a headache ; liez-lui lea 
mains derriere. le dos, tie his hands (lit. to 
him the hands) behind his (the) back. 

5. The use of the definite urticlo instead of 
the possessive adjective is very general in 
descriptions of personal appi^arance. Possession 
is then expressed by means of the terh avoir : 
His hair is black, it a les cheveux noirs ; her 
eyes are blue, Kile a les gcu.c bleus. 

Exercise X 

1. There are no large houses in that village. 

2. Those largo trees are oaks (rhenes). 

3. These children are the sons of that barrister 

4. This house is older than that house. 

5. That child is the most industrious (applique), 
pupil in the class. 

0. Have you spoken to that gentleman and 
to those ladies ? 

7. Why (pnirquoi) have you put (mis) my 
books on that table ? 

8. Your brother has lx>ught those horses. 

9. This little boy and that little girl are very 
amiable. 

10. 1 have not yet (encore) read (lu) those 
papers (journal). 

11. When (quand) those children are well- 
Iwhaved (sage) their mother is happy (heiireu.x). 

n. Our parents are our best friondi. 

13. That young lady has black hair and blue 
eyes. 

14. The boy speaks to his mother, and his 
sister speaks to her father. 
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COMPOUND TENSES 

Tho past iiid.'finito (pasai indefini) of vorbs 
(usually called pcrfeot in English) is formed by 
adding tho past participl > (participe passe) to 
tho present indicative of avoir ^ to have. 

The past participle of avoir is ew. 

Tho past participle of Hre is He, 

Tho past participle of verbs of tho first 
conjugation (verbs ending in er in tho infinitive) 
always ends in c, thus : aimer , to love, aimif 
loved ; donner, to give, domie, given. 

Tenses which, like tho past indefinite, consist 
of an auxiliary and a past participle, are called 
compound tenses. 

Past Indefinite of 
Avoir : 

I have had, etc. 
fai eu 
tu as eu 
il a eu 
elle a eu 
nous awns eu 
vous avez eu 
Us ont eu 
elles ont eu 


Past Iiuh^finito of 
iiTRE : 

I have been, etc. 
fai He 
tu as He 
il a He 
elle a He 
nous awns He 
wus avez He 
Us ont He 
elles ont Ht 


Past Indefinite of Aimer : 

I have loved, etc. 
fai airne 
tu as aime 
il a aime 
elle a aime 
nous avons aime 
vous avez aime 
Us ont aime 
elks ont aime 

In compound tenses in which avoir is tho 
auxiliary verb, tho past participle does not agree 
with the subject. 

In compound tenses tho negation is formed 
by putting ne (n’) between the subject and tho 
a ixiliary, and pas between the auxiliary and 
tho past participle. 


Past Indefinite Conjugated Negatively : 


Avoir. 

I have not had, etc 
je n'ai pas eu 
tu n* as pas eu 
il n*a pas eu 
elle n'a pas eu 
nous n'amns pa^ eu 
wus 71^ avez pas eu 
Us n'ont 'pas eu 
elles n\mt pas eu 


fiTRE. 

I have not been, etc. 
je n'ai pas He 
tu n'as pas He 
il n'a pas He 
elle w’a pas He 
nous n^avons pas He 
wus n'avez pas He 
Us n'ont pas He 
elles n'on* oas He 


Aimer. 

I have not loved. 
je n'ai pas aime 
tu n'as pa^s aime 
il n'a pas aime 
elle 7i'a pas aime 
nous n'awns pas aimi 
vous n'avez pas aimi 
Us n'ont pas aime 
elles n*Qnt pas aimi 


NEGATIVE EXPRESSIONS 

The expressions with which a verb may be 
conjugated negatively are ; 
ne pas, not 

ne . point, not (stronger than ne pa?, 

ne , que, only, nothing but 

ne plus, no more, no longer 
ne jamais, never 

ne . quP.re, not much, hardly 

ne . personne, nobody 

ne . rien, nothing 

Thus ; 

1 1 n'a pas de livres, ho has no books. 

Il n'a pas eu de peine, \\Q has had no trouble. 
Il rC a point d' argent, ho has no money at all. 
Il n'a plus parle, ho spoke no more. 

Il ne park guere, ho does not speak much. 

Il ne lit jamais, ho never reads. 

Il n'a jamais lu, ho has never read. 

When “ nobody ” and “ nothing ” are the 
objects of a verb, ne precedes the verb and 
personne or rien follows it : 

je ne wis personne, I see nobody. 

But, with compound tenses, whilst rien coTm\s 
between tho auxiliary and the past participle, 
according to rule, personne comes after both 
auxiliary and past participle : 

je n'ai rien vu, I have seen nothing. 
je n'ai vu personne, I have soon nobody. 

When “ nobody *’ and “ nothing ” are subjects of 
a verb, their place is before both neand tho verb: 
personne ne park, nobody speaks. 
rien n'empcche, nothing prevents. 

When any of these negations are used without 
a verb thoro is no ne : Who has spoken ? 
Nobody. Qm a park f Personne. 

In ne . . . que, tho qne comes after tho verb 
in both 8imi)lo and compound tenses : 

Je ne wis que votre frere, 1 boo only your 
brother ; je n'ai m qne votre frere, I have soph 
only your brother. Ne . . . que does not pre- 
vent the use of tho article as well as de to (express 
the partitive moaning, as do tho other nega- 
tives : je n'ai vu que des arbres, I have soon 
nothing but trees. 

Note. In the following exercise special 
attention must bo paid to the use of tho definite 
and of tho partitive articles, as explained in the 
earlier lessons. 


Exerc 

Recapjt 

une arnande, almond 

un dne, ass 

ten animal, animal 

le bmuf, ox 

le bois, wood 

le chacal, jackal 

le cliamp, field 

la chevre, goat 

le chien, dog 

le corps, body 

ten ecureuil, squirrel 

une espPee, species, kind 

une etoile, star 

ten Hre, being 

le gland, aeorn 

tens histoire, history 

ten interieur, interior 


ISE XI 

ULATORY 
le Ikvre, the hare 
le lion, tho lion 
le hup, wolf 
le mineral, mineral 
le metal, metal 
la noisette, hazel-nut 
ten oiseau, bird 
tenfi oreille, ear 
la planter plant 
le poil, hair (of animals) 
U rPgne, kingdom (ot 
Nature) 
le renard, fox 
le tigre, tiger 
la variHe, variety 
h vegetal, vegetable 
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ag%U<t acUvo 
ardent, mettlesome, 
spirited 

hon, good, kind, gentle 
capricieux, capricious, 
frisky 

murajeux, courageous 
court, short 
cmel, cruel 
docile, docile 
(hmestique, domestic 
fhoce, ferocious, savage 
fier, proud 
fort, strong 
fouqv'^ux, fiery 
impHueux, impetuous 
interessant, intoosting 
leger, light, swift 

rompfjser, to compose 
Hudier, to study 
manger, to eat 


hng, long 
naturel, natural 
nerveiix, vigorous 
nombrpAtx, numerous 
num'jle, injurious, hurt- 
ful 

patient, patient 
robuste, hardy 
rude, rough, coarse 
saumge, wild 
sohre, temperate 
timide, timid 
trawjuille, quiet 
vagabond, fond of wan- 
d»)ring 

vegetal, vegetable 
VI f, qui ^k 
vivant, living 

aemer, to soatt(‘r 
passer, to pass 


comme, as, like tree, very 

extremement, exceedingly on, or 
fort, very 


Natural history studies plants, muierals 
and animals. Plants or vegetahh^s compose 
the vegetable kingdom. Plants are scattcivd 
on the earth like stars in the heavens. Minerals 
are bodies in the interior of the earth. Metals 
are minerals. In the natural history of animals 
an infinite variety of living beings pass before 
our eyes. The species of animals arc^ more 
numerous than the species of plants. The 
animals the most useful to men are domestic 
animals. Amongst the domestic animals are 
horses, asses, oxen, cows, sheep and goats. 
Horses are proud and spirited, but they are as 
docile as courageo is. Horses are more elegant 
than asses and than oxen. Their ears are less 
long than the ears of asses. They are not so 
short as the ears of oxen. There are wild horses. 
They are stronger, swifter, more vigorous 
than domestic horses, but they are less useful. 
Asses are gentle, temperate, and useful. They 
.are as patient and as quiet as horses arc proud, 
fiery and impetuous. Dogs also are domestic 
animals. There are wild dogs, but they are 
savage. They are as savage as uolvcs and as 
jackals. Goats are not so useful fo men as 
sheep, but they are very useful. 'J'heir hair is 
rougher than the wool of sheep. 1'hey are 
s^rofiger, lighter, more active than slu^ep. 
They are lively, hardy, frisky, and fond of 
Avandering. Amongst wild animals, lions and 
tiger® are the most savage and the most cruel. 
Poxes are wild also, but they are not so savage 
ns tigers. They ore less savage than jackals. 
Hares are wild, but they are not hurtful. They 
are exceedingly timid. Squirrels also are very 
timid little animals. They are very pretty and 
very interesting. They eat fruits, almonds, 
waMuts and acorns. There arc no squirrels 
in the fields. They are in the woods on trees, 
like birds. 


Kf.y to_Exeh(use VIII. fpago 1339] 

1. La sanir du jeiino homme a de gent i Is 
petit s enfant 8. 

2. I.<es vieillcs maisons ont do grands jardins. 

3. Lo mo is dc dccembre cst Ic dernier mo is 
do rannw\ 

4. II a acliete iin vilain gros chion la scmaim‘ 
derni^re. 

5. Ils demeurent dans line grande maison 
blanche prds dii chateau ru ine. 

G. II y a deux tables rondos dans la 
petite chambre carree. 

7. Av(^z-vou 8 do rencro rouge ? 

8. Non, mais j'ai de I’encro noire et do 

rencro bleue. • 

9. La langiie fraiK^aise est uno latigue roniano. 

10. L’Espagne est un pays catlioliqiie ; 1’ Angl<‘- 
terre ot rj^.cosse sent dcs pays prolestants. 

11. L’ enfant prit rargent d’uiie main trem- 
blanto. 

12 La vieille egliso cst pivs dii pare ])ul)lie. 

13. Le pasteur fraiu/ais est un homme tres 
intelligent ot tres insfruil. 

14. 11 n’y a pas de rcniedes infailliblcs. 

15. Un bravo hommt‘ n'est pas toiijonrs un * 
homme brave. 

IG. Un homme riche pout efre un pauvre 
homme. 

17. Un fosse largo ct jwofond defend Tap- 
proehe dii vioux chateau. 

18. Paris cst uno grande ct belle villc. 

19. 11s ont rencontiY^ dcs (lifheultcs insur- 
luon tables. 

20. Nous avons parle a un jouno homme 
tres aima])le. 

Kky to Exercise IX. 1340] 

1. clijval cst plus grand quo I’ane, aussi 
grand quo le breiif et moins grand quo I’^lcplianl . 

2. L<^s chats no sont pas si tidcle.s quo les 
chiens. 

3. L<^ tigro cst Ic plus feroco dos ariimiux. 

4. Mes plus beaux tableaux ot mes moil lours 
livres nc .sont pas ioi. 

5. Void le luieux coniui dcs roniams de Damns. 

G. 11 demeuro dans la plus petite maison du 

village. 

7. La moindre ditticulte decourage les <^dtvcs 
paresseux. 

8. 11 a passe })lus de troi.s inois on Frainaj. 

9. Trois chats mangent moins quo deux (;hiens. 

10. Le loiip a mange phis dc trois brebis. 

11. L’or est moins utile quo lo for ; I'or os( 
lo plu.s prccieux, mais le forest le plus utile d'‘s 
met an X. 

12. La montagne la ])lus ekwee do I’Ecosst' 
a })lus de quatre milk* pieds. 

13. Voila un d^*s elcvcs le.s plus intelligent s 
de la classo. 

14. Di plus jolie des deux sceurs n’est pa> 
la plus aimable. 

15. Los fruits le.s plu.s umers sont sou vent 
les plus sains. 

16. Le rcmMe est sou vent pire quo lo mal. 

17. Les medecins sont plus utiles quo les 

avocats. ^ 

18. On a soiivent l)esoin d’un plus petit quesoi. 


Continued 
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GERMAN By P. G. Konody and Dr. Osten 

XVIII. In the Strong Conjugation of 4. The imperative of the strong verbs is form ed 
Verbs [see X.] the characteristic features are as in the weak conjugation [see XIV. : 
the formation of the imperfect by changing the 2n(J jjcr. sing, bli'ib(o)! stay, remain! 2nd per. 
stem-vowel, and of the past participle by the sing, idjveib! write! Civil address: blcibcit ^sic! 
suffix -oil or -II with or without change of the stay! fd^vcibeii 3ic! write! 
stem- vowel, and with or without the prefix The verbs with the stem -vowel c change it in 

[see XIV.]. The stem-vowel is also changed or the singular into i or ic without suffix: fcct>t-eu, to 
modified in some eases of the present indicative fence, jicln! v^cb-eii, to give, vpcb!cff-cii,toeat,iJ! etc. 
and in the imperfect conjunctive. The circumscribed forms of the imperative ar(‘ 

1. The present tense of the verb fdjvcibcn, to formed as in the weak conjugation [sec XIV. 4, 5 ]. 
write, may serve as example for (he inflections XIX. The Imperfect Injiicative of the 

• of the strong verb. strong verbs is formed by changing the vowel 

Indicative Conjunctive in all persons and numbers,- a further chang(^ 

Sing. 1. id) |d)rfib-c I write id) id)vcib-e of the changed vowel takes place in the past 

2. bu fd)reib-(c)ft thou writest bu fd)reib-cft participle. The third person singular of tlie 

3. evfd)mb-(e)t he writes cv [d)vcib-c imperfect indicative takes no inflection, and 

Plu,r, 1. linr fc^vcib-cu we write tinv fdneib-cu the second p:>rson takes the inflection -ejl after 

2. it)r id)vcib-et you write i!)r fd)rcib-ct hissing sounds) or ft : blvfl‘-cn, to blow, 2nd pers. 

3. fie fdn*cib-cu they write fu fd)rcib-eii sing, bn blicf-oft, thou blewest ; but: bicib-cii. 2nd 

In the conjunctive the flective f can never be pers. sing, bn blicb-ft. The inflections of the plural 

dropped; it is also better to retain it in the (1. -en, 2. -ct, 3. -rn) are to be seen below in the 
second person indicative of verbs with stems conjugation of the imperfect of uneven, to sing, 
ending in hissing sounds : ff, fd', where the which belongs to the group of verbs that change 

omission w'ould cause harshness — for instance: their vowel -i- in the imperfect into -vi-, and 
bu fdiicp-cjl, thou shoote.^t etc. In some of change it further into -u- in the past partie.iple 

these verbs both forms are used, as: 1. ifb with the suffix -cn and the u.sual prefix v^e-. Tlie 

I forget ; 2. bu bcvvvff-cft and bU bcnv^-t, etc. present, imperfeid. and past participle of fillip'll 

2. Tiio majority of verbs with the stem- arc: prc?. :(ld') fiiKpr; mjj.: (id*) faiiit; p. jxtst: 
vowel a, au, and some with o (a) modify it, and i^c-fuitivcii. 

others (b) change the stem- vowel e into i or if Imperfeit 

in the second and third person singular of the Indicative Con junctive 

indicative, and cast off the flective f. Sing. 1. id) faiu^, I sang id) fauivc 

Examples: (cr) 1. i(^ i^rabc, I dig; 2. bu iivdbjl; 2. bu faiuvft bu fdujvcjl 

3. ft iU*lbt. Lid) faitiv, I catch; 2. bu fdiu^fl; 3. cr faiijt cv fciiupc 

3. ev fdm^t. 1. id) lauff, I run; 2. bu laufft; 3. cv Plur. I. iidr fmiiVfU ivir f*)Uipm 

lauft, etc. (&) I. id) fcdiif, I fence; 2. l^i fi(l)ji; 2. ilu* fviiuv(f)i i^t fuiuvct 

3. ft fid)t. 1. id) ^cbf, I give; 2. bu id^bfl ; 3. cr ivcbt. 3. jic faiupfu fie fdiuvcu 

(The conjunctive remains unaltered: 1. id) 1. In the Conjunctive the verbs modify the 
(jvabe; 2. bu v^rabcjl; 3. cv iirabc, etc.) voavcIs (vi, o, u, or an) of the imperfect indicative, 

3. Several of the verbs mentioned in 2, with and take the same suffixes as the present tenso 

stems ending in t, t(), and b, drop not only the of the conjunctive [see example and XVITIJ. 

flective c, but also the t of the inflection of the Some verbs with the imperfect vowel a are. 
third person singular indicative: 1. id) vatl)c, (a) alternately used with the modified a and i\ 
I advise; 2. bu rvith(c)jl; 3. cv vutl), etc. and others (6) take the modification ii instead of vi. 

Imperfect 


Infinitive 

Indicative 

Conjunctive. 

o («) belong: bcvVtni-cii, to commenco 

id) bcvytnu 

id) bovvluu-c or bcv^ihiu-c 

beftuu-cu, to reflect 

„ befviuu 

„ bcfvuut-c or befiMtu-e 

vldt-cu, to be worth 

vvdt 

„ vviff-c or y^clt-c 

vyunun-cn, to win 


,, vywvhiu-c or vyiiHum-c 

Unuu-cu, to spin 

„ 

„ fvrtuii-c or fvihiii-e 

fd)unmm-cu, to swim 

„ rd)iiMMim 

„ rd'iramm-c or fd'UHMum-i 

viiiu-fu to flow 

„ vaiiii 

„ vauu-f or venu-e 

bfffl)l-cu, to command 

» hffa()( 

„ befal)l-e or befbbl-e 

fnivTfl)t-cu, to recommend 

„ cmvfa()( 

„ cmbfvil)(-f or cuivfe^if-e 

ftel)l-cu, to steal 

„ jl^fl)l 

„ Uvibi-f or ftiM)(-c 

fd)clt-eu, to scold 

„ (chalt 

„ uhalt-c or fd)idt-c 

(exception) ftct)-eM, to stand 

,, ftaub 

„ (Iviub-c or jliinb-e 

> (6) belong; l)flf-fU, to help 


id) l)ulf-c 

fffvb-eu, to die 

fiarb 

„ ftuvb-e 

♦ bfvbcrb-fii, to spoil 

„ Dfvbarb 

„ vcrbuvb-c 

ipfvb-en, to enlist 

„ iPvirb 

„ ipiivb-c 

U'cvb-cu, to become 

„ wavb 

„ ttuu*b-f 

U'cvf-cu, to throw 

„ twivf 

„ hMivf-e 


* 
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The form with a in group («) is usuaUy not 
employed where, in the pronunciation, the 
phonetic similarity of the imperfect conjunctive 
vvith other tenses of the same verb might lead 
to confusion, as in id) fliUjlc, 

which sound similar to id) bcfdjlc, cwvfcl)U, jiel)lc, 
fd)cltc. For the same reason the form with a has 
b(^n entirely abandoned in group (/>). 

2. Verbs which admit of no nKidificatitm of 
the changed indicative vowel in the conjunctive 
form this tense by the suffixes shown in the 
conjugational example of XIX. 

Examples: fducibcii, imperfect indicative itf^ 
fd>riib (if not modifiable); imperfect conjunctive 
id) fd)iicb-f, etc. ; bcifon, to bite, imperfect indi* 
ciitive id) bis (i Hot modifiable) ; imperfect con- 
junctive id) biiT-f, etc. 

Where the modified conjunctive vowel coin- 
cides with another tense, it is best to use th(‘ 
first conditional [see Table V., page 747] in the 
place of tlie impeideet conjunctive — c.g , in the 
verb fd)UHH*-fH, to vow [imperfect indicative id> 
fdurov (or fcbu'iir)] ; the imperfect conjunctive, 
with modification of the vowel, id) fdm'ov-c (or 
id) |M)truv-c) coincides with the present indicative. 

1 . id) fd)U'cv-c ; 2. tu Idnvov-ft, etc. The employment 
of the first conditional ..id) tmirt'c fdainrcir' finlini- 
tive of the verb and imperfect conjunctive of 
the auxiliary verb ,,ii'evDcu" [see Table V., pago 
747] prevents misumlerstanding. 

XX. The Adverbs arc not, of con rsc, subject 
to inllection by declension or conjugation. 

Adve^rhs of place: bier. Da, here ; tovt, ba, there; 
cbfii, above; imtcu, below: innii, in front, before; 
biutcu, behind, after; inneu, within; aiijcu, out, 
without; fort, away, forth; Wd}, away, off; 
bfvauo', out; J)iirciu, in, into; v?orhrartc«, forward, 
on; vurfbvdrtt^ backwards; etc^. 

Adverbs of time: u\nm ? when? bauii, then; 
jfbl. now; fcfbfii, just now; lifu'tf, to-day; t^c'ftfvn, 
yesterday ; finfl, once ba'maU), then, at that time ; 
imuicr, ftcu<, always, ever ; fdten, rarely ; uic, itie'iualff, 
neve^; ^mrci'Un, sometimes; f d)cu, already ; ned), 
still, yet; t)ifrauf, hereon, hereupon: uuii, now% 
at present ; etc. 

Adverbs of manner, demee, quality, affirmatim, 
yiegation, etc.: fi\ so, thus; febv, very; pemlid', 
tolerably, pretty ; little, few ; mfijl, 
most, mostly; umfonjl', in vain; fcr'ner, further- 
more. besides ; faft, bciua'l)f, almost, nearly ; famu, 
scarcely; ^au^, quite; nwr, only, but; allevtiiuy, 
surely, certainly; fcinc^falli^, fciiifru'c^ib by no 
means; vicltfid)t', perhaps; mu^b^hr, about; 
ia, yes Uftii, no ; nid)t, not ; etc. 

Adverbs of cause: banim, bf^f)alb, therefore; 
consequently; alfo, thus; bat)cr', thence; 
unuum', ? why ? etc. 

1. Nearly all adjectives can be used adverbially 
without underjgoing any change of form. In 
the sentence: Wdvtuer ijl ficigift (the gardener 

is diligent) the adjective qualifies the 

substantive; whilst in bfr ^Jartiicr avbcitet 
(the gardener tvorks diligently), it modifies as 
adverb the action expressed by the verb. 

Some adverbs ana adverbial denotations are 
formed from substantives, adjectives, and verbs 
by the suffixes -jl, -lid), etc. ; (abmb 
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or bfd ?ibf]ib fi, in the evening, of an evening ; 
nu'r,jeuc<, in the morning ; lately; fvcilid), 

certainly, indeed ; uc ii lid), recently; bfvpeif lid), 
conceivably; mfmf)liiuui, treacherously; bliiiDl 
liUi^i', blindly; etc.); or by connection with 
prepositions, etc. 

2 If a sentence opens with an adverb, the 
normal position of the finite verb is changed— 
the verb in this ease must precede the subject. 
Examples; id) bin l)icv (T am here), but l)ifr bin 
id) ; (X lommt nie (he never comes), but nic foiiimt 
fv; ber (Mariner aibeuef fifilb’irt, but arbeitet 

ber (Mdvtncr. It will be seen that verb and 
subject nro here in the same relative position as 
in the interi ogative form [see IX.]. 

3. Some adverbs admit the use of the com- 
parative and superlative, like the adjectives, 
but the formation of the adverbial superlative 
differs from the superlative in adjectives, as will 
be seen later. 

EXAMINATION PAPEH VI. 

1. By whi(;h suffix is the past participle formed 
in the strong (lonjugation ? 

2. What is the characteristic feature of the 
present tense in the conjunctive ? 

3. What changes and modifications of the 
stem- vowel can occur in the present tense 
indicative of strong verbs, and in which 
persons ? 

4. How do strong vcrl)s with the stem- vowed 
c form the imperative in the second person 
of the singular (familiar address) ? 

T). What are the inflections of the strong 
imperfect indicative in the singular, and in 
which instances does the second person take 
the inflection with or without th(j vow'cl ? 

C. Which verbs modify the vowel in the strong 
imperfect conjunctive, and what suffixes 
do they take in this tense? 

7. Which are the modified vowels that can be 
employed alternately in the strong imperfect 
conjunctive of some verbs ? 

H. Under what eon litions is it advisable to 
use the first eonlitional in place of the 
imperfect conjunctive ? 

ff. Is there any difference bctw'cen English and 
Uerm in adjectives, when used adverbially? 
lb. By which suffixes can adverbs and adverbial 
denotations be foimed from other nouns? 
11. W'hat is the position of fhe finite verb in 
sentences and clauses introduced by adverbs, 
and in which category of sentences doc^s 
the finite verb occupy a similar place ? 

Exercise 1 :* Pill in the missing verbs with 
their correct personal tcrmin iticns: 

Ter A>unD . . . . ; er .... feinen .(hovni. Tii 

The dog bites ; ho bit his master. Thou cheatesf 

* Strong verbs used in this Exercise (llu! 
imperfect vowel in brackets): I'cifKu (i), to bite; 
botriii^en ^c), to cheat; biurcu (a), to bind; 
to give; fal)rfii (a), to drive; fcf)laft‘n (if), toslocjp; 
laufeii (ie), to run; ()flfm (a), to help; riifi’a (if), 
to call; fi'(l)tm (c), to fight; ftrabfu (a), to dig: 
(o), to escape. 
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bid)fc(bft; mirf\ Tii 'Jilinnen; 

thyself ; you cheated mo. Thou bindest flowers ; 

biw3Jlat)rf>fn .... cincu .Uran,^ ; t>cr ‘i'ertvac^ .... i()u. 
the girl bound a wreath ; the agreement binds him. 

3d) ihm (Mclr, imt cv fort; 

I gave him money, and ho drove away; 

id) nid)tO; tii luir tao 

I give nothing; thou givost me the money, 

uiit) cr tiv ten T^cvtiMvv 'iCdr 

and he gives thee the agreement. Wo drove 

fort unt> ; il)r ilni, abev ci* ; 

away and slept; you c.alled him. but he slept; 

bn oorpic^lid'. 3d> . . . luib cv . . . . 

thou sleepest excellently. 1 drove cand he ran 

fort. Tu mid'. “hUv bie 

away. Tlioii scoldest mo. We bound the 

'iMumcii iiub it)V uiio. ?3idr end} 

flowers and you helped us. We gave you all, 

bod) i()v imo itid)ttX; ^Sic mabreub 

but you gave us nothing ; you fought, whilst 

id) I9v miv unb banu fort; 

T slept. He helped me and then drove away ; 

bii iptt ; cr I'orpudtd) ; 

thou tightest well; ho fight.s excellently; 

il)v tiipKv. uiit(3) ihm 

you (pi.) fight bravely, He drives with him 

unb bcu (^Jdvtucr ; fic mit ihm ; 

and calls the gardener ; she escaped with him ; 

2ie bcu (Mvivtuev nub i()m (Mc(b; 

you called the gardener and gave him money; 

(ic i()rcm aWauuc; fic ciuaubev; 

she helps her husband ; they help ono another ; 


2ie bu cv , . . . , miv . . . 

you (pi.) sleep, thou drivest, he runs, we dig, 

il)v UIU5 unb fle id) ; i()v . . . . 

you help us and they fight ; 1 dug ; you helped 

uiiv iuib cv miv (^3clbl 

me and he escaped. Give(.sm(/.) me money! 

miv ! mit miv ! mid' I 

Help (a’/ ) me ! Fly ) with mo ! Call (pi. ) me ! 

tcipfcv ! . flut ! 

Fight (.n'/iff. ) bra voly ! Fight (pi.) well ! G i ve (pi. } 

miv (Mclb ! 3ic miv (>3 cId! 

me money ! ( h ve me (civ. oMr. ) money ! Fly (pi . ) 

mit uiio! €ic mit miv! 

with us! Fly(ci<;. ad(7r.)with me! 

Exerci.sk 2. Put the adverbs of the following 
.sentences at the beginning of each sentence : 

Tn hlcil'ft l)cnte bci miv; co ift vovn; cv 
You stay to-day with me; it is in front; ho 
ful)v v'ovmavto; cv fam l)cvauO ; fic mav imtcu ; 
drove on; he came out: she was below; 
U'iv fa()cu it)ii bovt ; cc( vt^fd'ab feebeu , 
wo saw him there; it happened just now'; 
miv Fiimeit i^c'ftcrii; ihv reifet bcutc; alli^ 
we came yesterday; you travel to-day; all 
mav umronft; cv femmt fcltcii ; id) fmVf ciMiiimev; 
wa.s in vain; he comes rarely; T said it always; 

(I always said sio 

Ci^ ift fo ; CV bemevtte fevuev . . ! . ; miv veifeu 

it is so ; he remarked further . . . . ; wo travel 
fciucinvcvV'; cv bvad) bfinal)c feiu 'Ihiu; 
by no means; he almost broke his leg; 
id) frmtte mid) ; marum? 

1 asked my.self : Avliy ? 
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plant, and fncr»>iore, if the seed has been crossed, 
the cotyledons partake of the nature of both 
parents. On the other hand, the seed-coat is a 
purely maternal character like the pod itself. 
Ignoring the colour of the seed-coat, therefore, 
the colour of the cotyledon within may Ik^ alone 
considered at present. It is further found that 
most pure races of peas may be divided in this 
way into two classes, yellow and green. 

Yellow and Green Peas. Mendel 
crossed a pure yellow pea with pollen from a 
green pea. The resulting offspring were all 
yellow peas. He then changed the sexes, and 
crossed a green pea with the pollen of a yellow 
|K^a. The result was the same, all yellow pens. 
Se.\ made no difference. Many repetitions of 
these experiments gave no other result. He 
therefore concluded that pure yellow peas w’cre 
“ dominant ” over pure green peas as far as 
this character was concerned, irrespective of 
sex. Now note what followed. Mendel then 
sowed f he hybrid yellow peas of this first genera- 
tion and allowed the jdants raised from them 
to fertilise themselves individually. The result 
was that each of the plants in the second genera- 
lion bore seeds of the two colours, yellow and green^ 
both coloyra being found in the same pod. What 
did that involv^e ? It proved that the character 
of greenness was contained in the hybrid yellow 
peas, although they showed no indication of it. 
There was no other possible source. The green- 
ness had been latent in the first generation, and 
came out in the second. Since the cross between 
the pure yellow and green peas gave hybrid 
yellow peas, Mendel termed the yellow character 
“ dominant over the green, and the latent 
green character he termed “ recessive” — it had 
receded in the first generation only to reapix'ar 
in the second. This was the first important 
stop. 

The Second Generation. Mendel 
next proceeded to test the yellow and green peas 
of the second generation, and herein showed his 
keen appreciation of the problem of heredity. 
He had now two sorts of peas to deal with, 
green and yellow, to all appearance like those 
he started with. He first sowed the green peas, 
and allowed the plants to fertilise themselves 
individually. The result was that the ptms of 
the third generation all produced green seeds. 
Tills he repeated for six generations, and in 
each case nothing but green peas were produced, 
there being no trace of the dominant yellow 
hybrid ancestor. The recessive green character, 
after iTappearing, bred true for ever. 

The important Discovery. At this 
point Mendel made his most important discovery. 
Earlier experimenters had found that the 
offspring of hybrids resembled their grand- 
parents, as did the.se green peas. Mendel alone, 
however, carried the experiment further, to see 
if they bred true. As stated, he found that 
the green peas did so. Tliey were, therefore, 
pure green peas with no taint of yellow, in spite 
of the fact that both parents were dominant 
yellow and two grandparents likewise. 

But what about the yellow peas of the second 
generatioiit the offspring of the hybrid yellows ? 
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He allowtHl these f o self-fertiliso as before, and 
got an astonishing result. The offspring proved 
to lx* of tufo distinct hinds. Some were pure 
yellow (just as the greens had been pure green), 
but others were hyht'id yelhw., and this was 
proved by the way they hrtKl. Some produced 
nothing but yellows generation after generation. 
They were, therefore, pure yellow. But others, 
also yellow, produced plants each bearing a 
mixture of yellow and green peas, often in the 
same pod, just as their own parents did. The 
pure yellow remained fixed, and bred true to 
type for the six general ious in which they were 
tested, while the hybrid yellow peas split up 
into pure yellow, hybrid yellow, and pure green 
ixas, as their parents did. Ibroughout all 
those ex|xunments the pure yellow peas were 
absoliit<*ly indistinguishable from the hybrid 
yellow in appt'urance ; their real nature wtis only 
to be determined by tlie nature of their offspring, 
the way they behaved wluui bred from. The 
pure yellow fwas which came from the hybrid 
yellows, and the ])ui-e gre(ui peas which also 
came from the hybrid yellow, have been 
termed ” extracted " yellow and green re- 
sj)eetively. 

The Total Result. Summarised, tlu^ 
results were as follows : Pure yellow crossed 
with })ure green peas produced offspring which 
were all hybrid yellow, 'rhose^hybrid yellow 
when self-fertilised, produced offspring of distinct 
tyjx*s — viz.f pure yellow', hybrid yellow, and pure 
green. In other words, one of the two distinct 
types (the hybrid yellow) of the second genera- 
tion was really romj>osod of two, but this was 
only discovered by breeding them again. 

This purity of the extracted yellow dominants 
‘and of the extracted green recossives was 
entirely uiLsuspected, and it lies at the very 
basis of the Mondelian principles of hei’edity. 

But this was not all. When Mendel came 
to count up all the individual peas produced in 
the successive generations, he found that the 
characters appeared in a certain definite pro- 
portion of offspring. In the second generation, 
out of 8,023 seeds there wore 6,022 yellow and 
2,001 green, practically a ratio of 3 to 1 ; and 
out of r>19 ])lants raised from these yellow seeds 
166 were all yellow seeds, while 353 bore both 
yellow and green seeds mixed, practically a 
ratio of one pure yellow to two hybrid yellow. 
8o that the yellow' and green seeds of the 80 ||p d 
generation really consisted of, on the avei|k\ 
one pure yellow, two hybrid yellow, one pffc 
gieen ; or, expressed in percentages, 25 per cent, 
pure yellow, 50 per cent, hybrid yellow, 25 per 
cent, pure green. The great and important idea 
of Mendel ism, however, lies not in these pro- 
portionate figures, but in the idea of “ gametic 
purity,” the truth that a pure character ma>' 
be carried on by germ-cells through a generation 
which does not exhibit the character to the 
next in which it reappears. 

In Mendel’s day it was known that each in- 
dividual plant and animal developed from a 
single germ-cell, and that this cell was, as a rule, 
fertilised, and was then the result of the union 
of an egg (from the female) and a sperm, or pollen 
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(from the male). Experience showed that a pure 
yellow pea self -fertilised produced pure yellow 
peas ; similarly a green pea produced green peas ; 
and from this Mendel concluded that the pure 
yellow peas gave off egg-cells and pollen-cells 
which contained the necessary factor for produc- 
ing the yellow chara(;ter, and similarly that 
green peas gave off germ-cells which contained 
the factor for the green character. 

The following graphic representation of 
Mendel’s I^w will, perhaps, make it clearer. 
Two characters only are dealt with, one of 
which is Dominant (D) over the other, which is 


Recessive (R). These correspond to any two cha- 
racters such as the Yellow and Green in the text. 

Mendel’s Hypothesis. According to 
this h3rpothosis, when a pure yellow pea is 
self-fertilised, or pollinated, with another pure 
yellow pea, the yellovf factor — which may be 


expressed by Y — in the egg-cell unites with 
the yellow factor (Y) in the pollen cell, 
the male element w'ith the female element, 
and gives rise to a pure yellow pea of the con- 
stitution YY. In the same way a pure green 
pea itself fertilised, or pollinated, from a pun^ 
green, gives rise to a green pea GG. When, 
therefore, a pure yellow pea is crossed or 
pollinated, with a green pea, or vice versA, 
the yellow factor unites with the green factor 
G, and gives rise to a hybrid ycliow-greon pea 
GY, which looks yellow because yellow is 
dominant. Tt is really a yellow-green in nature 
and its breeding proves 
this. The important 
idea in the Mendolian 
hypothesis is that 
the factors Y and G 
which come together in 
fertilisation in the 
hybrid YO still retain 
their identity and. in- 
dividuality ; they do 
not really blend. 
Therefore^ when the 
hybrid gives off its 
germ- cells (either male 
or female)., the factors 
Y and O separate 
again, so that each 
germ • cell contains 
either the Y or the 
0 factor, but not 
both. On this hypo- 
thesis, the hybrid 
YG gives off, on an 
average, egg-cells, 50 
per cent, of which 
contain the yellow 
factor, and 50 per 
cent, the green factor. 
Similarly, the hybrid 
YG gives off pollen- 
cells, 50 per cent, of 
which contain the 
yellow factor, and 
50 per cent, thti 
green. vSo that YG, 
self- fertilised, as in 
Mendel’s experi- 
ments, would on the 
average give the 
following different 
unions of germ-cells 
(oat'h linci reprcs<’nting 
one of t he four possible 
modes of combining 
two distinct charac- 
ters, together with 
the result of s\ich a 
combination) : 

1 Y(jnttlo) 4- I Y (female) 1 YY 

1 Y (male) .(- I G (female) ^ I. YGoffspiing . ^ 

1 a (male) 4- 1 Y (female) ^ 1 Y(4 offspring i “ 

1 0 (mole) + 1 G (female) - 1 GG offspring 

The total offspring of YO, self-fertilised 
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would therefore on the average be found to 
consist of : 

lYY : 2YG : IGG 

that is» 25 per cent, pure yellow, 50 per cent, 
hybrid yellow, and 25 per cent, pure green. 

Germ-cell Purity. The simple idea 
of germ-cell purity in respect of special 
characters — “ gametic purity,” as it is termed — 
is the most important of Mendel’s discoveries, 
and upon this all the complicated calculations 
of the probabilities of inheritance in the mating 
of individuals are founded. We have re- 
stricted ourselves here to the illustration of 
what occurs when a single character is taken — 
namely, seed-colour; but the law applies to 
combinations of characters, and becomes a 
matter of working out by mathematics. 
The interest in the pre.sent and future is to 
determine which of all the characters of plants 
and animals are Mendelian — that is, conform 
to this law. The list is being added to daily, 
and amongst those characters which have 
been shown to follow this law may be mentioned 
the coat colour of rabbits and horses, as 
well as the oyo colour in human beings, all 
of which have berti investigated by Mr. 
Hurst. Amongst others, Mr. Bateson and 
Miss Saunders, at Cambridge, have made 
many experiments with garden stocks, and 
with certain characters in fowls, as well as 
with sweet- peas. All those have confirmed 
the truth of the Mendelian hypothesis, and the 
cases in which it is demonstrable are becoming 
very numerous. 

We have dealt here with the simplest out- 
line only of the matter, which is all that is 
necessary for our purpose. A careful examina- 
tion of the explanatory diagram will help to a 
clear conception of Mendel’s experiments, 
and give some idea of the importance of the 
results which have been established. When 
once wo know that certain characters are bred 
pure and are transmitted through individuals 
which may .show no sign of them, it is possible 
by Mendel’s law to foretell exactly what the 
offspring of individuals having those characters 
will be. It is thus a true law of heredity, and 
not merely a statement of ancestral traits. 

Application of Mendel’s Law. We 
have now briefly reviewed the most important 
theories in the science of biology, and 
it becomes our task to endeavour to gather 
together all the various strings of thought 
and weave them into one strong band of 
conviction. We appreciate the fact of uni- 
versal variation in offspring, we see the working 
of natural selection in the world of life, we 
understand how the phenomena of heredity 
are possible, and we recognise the funda- 
mentol importaneo of these phenomena. Wo 
must now turn our attention to the practical 
application of these facts in individual lives 
and in society in order to gain some idea of 
man’s present as well as past evolution. 


How Heredity Tells in the World. 

A very important question in this con- 
nection is the effect of the use or disuse 
of various parts of the body upon the indi- 
vidual and the offspring. It is held b^' 
Lamarckians that many of the higher animals 
must owe some of their characters to the 
inheritance of these effects. We refer now 
to those characters which are developed in 
response to what we term “ exercise.” They 
are adaptive acquirements. They are more 
prominent in animals than plants, because 
the latter do not use their parts in the same 
sense that animals do; they attain their full 
development without any special stimulation 
other than nourishment, light, moisture, and 
warmth. The same is true of plant-liki* 
animals, such as sponges, and of such animals 
as insects, as well as of fish and amphibians 
to a groat (‘xteni. But when we come to the 
highest vertebrates — birds and mammals — and 
especially the highest mammals, wo find that 
many stnu tures attain their full development 
only in response to the stimulus of use or 
exercise, and that in the absence of this th(* 
part fails to develop, or, if already developed, 
undergoes wasting, or atrophy. Thus, if the 
limb of a child be rendered immovable by 
paralysis or by a joint dis(‘ase so that it cannot 
be used, it does not develop into a fully-formed 
adult limb, or it undergoes wasting in the 
ease of an adult. 

Acquired Development* On the other 
hand, if a healtliy individual gives a part of his 
body more than ordinary use or exercise, the 
structures concerned develop proportionately 
up to a certain point, and the (levelopment 
is termed acquired.” Thus, the black- 
smith’s arm develops in response to the 
stimulus of constant use. This development 
out of the ordinary is abnormal for the 
average man. But the important point is 
that in human beings even the normal healthy 
development is attained only by use of th(‘ 
various parts of the body. The full develop 
ment of the noimal arm as well as of many 
other structures, is acquired. Some structures 
such ns the nose, ey€?s, teeth, oars, nails, and 
sexual organs, do not owe their development 
to use and exercise. It is inborn. In fact, 
the adult human being differs from his infant 
condition chiefly in the characters which are 
acquired by use and exercise. In the features 
of his face he differs in inborn characters, but 
in the structures of the body, limbs, and brain, 
the differences arc those which come from 
ii.se of those parts. An adult man, therefore, 
is largely a huge superstructure of use- 
acquirements built upon a comparatively 
small foundation of inborn germinal traits. 

Can the evolution of the highest animals 
be attributed to the inheritance and accumu- 
lation during generations of the effects of use 
and disease ? Are such modifications trans- 
mitted ? This question must be answered. 
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METHODS OF COOKING 

Group 16 

HOUSEKEEPING 

Boiling, Steaming, Stewing, Braising, Roasting, Baking, 

7 

Broiling, Frying. Stock-making. General Rules to be Applied 

rooKKIlY 

. ontlmH'd from paKo 


'pIIE methods of cookery may be divided info 

three classes. Cooking by : 

1. Moist Heat. 

Applied by {a) immersion in liot liquids 
— t.e., boiled meat. 

{b) The vapour rising from boiling wattu* 
— t.e., steamed puddings. 

2. Dry Heat. 

Applied by exposure to (a) radiant heat, 
as in cooking roast and grilled meat. 

(h) Conducted heat or hot air, as in cooking 
baked food.s. 

3. Immersion in Hot Fats. 

(a) Deep frying, as in cooking croquettes. 

(b) Shallow frying, as in cooking iiancakes. 

Principal Method of Boiling. 'I'hc 
term boiling indicates the cooking of various 
foods by immersing them for certain lengths of 
time in boiling liquid — i.e., liquids in bubbling 
motion. This cookery proces.i is one of the 
simplest and, within ecTtain limits, the most 
(‘conomic'al, as well as the most commonly used. 

It is, how(wer, often directed to bo used when 
the actual boiling })oint would rend(‘r the foods 
almost worthless — boiled custard, boiled 
meat. With certain exceptions, much of the 
so-called boiling is performed at a temperature 
a little below that of 212“ F., which is the 
boiling point of water and stock. liquids 
boil at different degrees ; milk, for instance, at 
a lower temperature than water, while fats 
and oils have to be raised to a far higher degree 
Indore they can be used for cooking foods. 

Foods arc boiled for two different objects : 

As a preliminary step, for a few minutc^s, so 
that by rapidly hardening the outside alluimen 
the pores of meat, fish, etc., are sealed, and the 
juices which give flavour and nutriment an.5 
thereby retained. 

Also as a means of extractiwj nutriment and 
flavour into the liquid, as when broths, stocks, 
etc., arc required. In this case the moat and 
bones are placed in cold water, brought slowly 
t o lx)iling point, and then boiled steadily for the 
prescribed time. 

Actual boiling heat should be used for : 

1. All green vegetables and many other 
varieties. 

2. Suet and similar puddings. 

3. Sealing the pores of meat, fish, etc., during 
the first few minutes. 

4. Rendering stocks. 

5. Making syrups. 

6. Evaporating liquids — i.e., from a too thin 
sauce or soup, vinegar from sauces, etc. 

7. Rice, for curries or macaroni, etc. 

Simmering. It should be borne in mind 

that water, etc., allowed to “gallop,” as it is 
called — or, in other words, to boil furiously — is, 


with a few exceptions, not any more effective 
than if it were steadily simmering. The liquid 
used is nu'TcIy passing off in tlu^ form of steam 
which, as it condenses, renders the walls of 
the kitchen damp and unhealthy. 

Simmering foods consists in cooking them 
in liquids that an; gently bubbling on one side 
of the pan, but not all over the surface as in 
boiling. Simmering point is ISO ’F., or in some 
cases as low as 170", and it is this effective, 
digestible cookery juocess that is required after 
the preliminary boiling for ‘‘ boiled ” meats, 
poultry, fish, (‘tc. 

Kri.F.s FOR Hotijncj Puddinos 

1. Grcas(‘ all moulds or basins. 

2. 8oc that they are full. 

3. Tie over them a sealdi'd and floured cloth. 

4. Put them into boiling water, and set* that 
it covers them. 

f). Boil them steadily, adding more boiling 
water as it evaporates. 

Rules for Boilin(} (Iheen Vkoetables 

1. Trim, soak, and wash them well. 

2. Put them into boiling water with one 
tabh‘spoonful of salt to every two tjuarts of 
water, and a piece of soda, alx)ut the size of a 
pea, to soften tlio water. 

3. Boil them quickly without the lid. 

4. 8kim them well. 

5. Strain tlieni oft’ directly they an? tender, 
di’aining off as much moisture as pos.sil)le. 

Rules for Boilin(; Potato e.s 

1. Select thos(; of a uniform .size as far as 
possible. 

2. Pci‘l old ones thinly and scrapt^ new ones. 

3. Lay them in eold water afU*r peeling. 

4. Put old potato(*N in cold salted water, and 
new in boiling saltc*d water with a sprig of mint. 

r>. Boil them gently t ill tender but not mashed. 

ft. Drain off all water. 

7. Stand tlu* potaha's in the 2 >an with the lid 
partly off to dry by a. low' lii’(*. 

Rules for Boilino Me.\t 

1. Wash salt meat and w^ik; fresh meat. 

2. Put salt meat into tepid water and fresh 
into boiling w ater. 

3. Boil both for five to ten minute.s, then at 
once lower the heat and simmer them for the 
rest of the time. 

4. Allow fifteen minutes to each 2 )ound the 
joint weighs, and fifteen minutes extra if the 
meat is fresli. 

5. For salt meat, fresh j)ork, or solid cuts 
without bone, allow twenty to twenty-five 
minutes with an extra twenty minut(‘s on the 
whole joint. 

6. Save the liquor in which the moat was 
cooked for soups, etc. 

7. Always add pot vegetables to the water in 
which the meat is to be boiled. 
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Rulbs fob Boiuxo Fisn 

1. Well wash and trim the Mi. 

2. Place it in hot, but not boiling, water, with 
a little salt and vinegar — the latter helps to keep 
it white, ('old water would extract the juices ; 
lioiling would crack the thin skin and render it 
unsightly. 

ik Simmer the fish gently, and skim it well. 

4. The time allowed depends more on th(‘ 
thickness of the fish than its weight, usually 
about eight to ten minutes to each pound is 
sufficient. 

5. Remove the fish at once from the water 
when cooked, and drain it uell. 

Method of Steaming. This process 
consists of cooking foods in the vaprmr arising 
from boiling water. It is a much more lengthy 
but far lighter and, th(‘refore, more digestible 
method of cooking than boiling, as the gradual 
process renders fibres, etc., softer. In many 
instances it is more economical and ntitritious 
— i.e., boiled vegetables and fish lose much 
of their valuable mineral matter in tlie w.ater, 
which is then usually thrown away ; whereas, 
if steamed, none of the nutritious elements 
would bo lost. Other advantages are that it is 
impossible for water to eonu* in contact with 
the food, provided a piece of greased ])apor is 
laid over it to prevent the steam condensing 
on the lid and falling back on to it. Also, over 
one pan of boiling water three or more dilTerent 
foods may be cooked by using different steaming 
compartments fitted one. above the other. 
A liomely substitute for a steamer is to stand 
tho basin in a saucepan with boiling water 
to come only half way up the basin, taking 
care that the water does not boil away. 

Method of Stewing. This method 
may be described as resembling a very slow 
procc8.s of simmering, but only a small amount 
of liquid is used, and this is usually served with 
tho solid matter and forms tho gravy or sj'nip, 
according to the nature of the dish. 

This latter point is important, because the 
more soluble and nutritious elements which 
are extracted are not wasted, as is so often the 
case with boiling and simmering, but are served 
with the meat. 

For cooking immt, stewing is the mo.st econom- 
ical method, for the following reasons : 

Coarser and cheaper parts of meat can be 
used, as slow cooking in moist heat softens 
the coarse fibres and renders tho sinewy 
portions gelatinous. 

Only a little fuel is needed, as slow cooking 
is essential. 

Little attention is required during the cooking, 
since there is no risk of tho food burning. 

Ihore is no waste of nutritious elements, for 
the solid and liquid parts are both served. 

Less meat is required, as a considerable 
proportion of vegetables is added, giving flavour 
and making the food more wholesome, and 
adding bulk. 

The meat to be stewed may be either : 

1. Partially fried before stewing, as for haricot 
mutton, stewed steak, etc. This is only suitable 
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if the more juicy and tender cuts of meat are to 
. be used. 

2. Putting the meat into cold liquid and 
bringing it to boiling point, as for Irish steM\ 
This method should be adopted if the meat is 
tough and gristly. The process of stewing can 
be equally well performed in a slow oven or on 
the top of the stove. The utensil used, whether 
if he a “casserole,” pie-dish, or earthenware jar, 
must be kept tightly covered. 

Rules fob STEwrxti 

1. Tf the meat is juicy, seal the outside alhu- 
inen rapidly by frying it first, or half roasting. 

2. If tough, put it in a cold liquid and bring 
it to boiling point. 

3. If likely to be very tough, lay tho m(*at for 
a few minutes in vinegar ; this sofUuis the fibres. 

4. The tougher the meat, the longer and slower 
must be the cooking. 

Stews allowed to boil will have the meat 
tough and tasteless, and the gravy wasted by 
evaporation. 

6. Keep tho utensil closely co\’V‘rcd, so that 
the aroma and fiavours are retamed. 

Method of Braising. This term is 
derived from the French “ braise,” or live coal, 
and indicates the use of a shallov’ pan with a. 
tightly fitting lid anfl a sunken top, in which 
the live coal (charcoal) is placed. The food, 
therefore, is cooked between two fires, and is a 
cross between baking and stewing. Where a 
regular braising-pan is not procurable, an 
ordinary shallow stewj)an, with a well-fitting lid, 
answers the purpose excellently, and often the 
top heat is omitted. It is a process that greatly 
dcvelo])s the aroma and flavour of tho food 
cooked, and is much used by the French. 

Rui.ks for Rraisino Meat, etc*. 

1. Prepare and cut in large pieces about Ooz 
of mixed vegetables — carrot, turnip, onion, and 
celery— also a bunch of herbs and parsley ; this 
amount is sufficient for about 3 to 5 li). of 
meat. 

2. Fry these in the braising-pan in good beef 
dripping till brown. 

3. Make a bed of them in the pan to lay the 
meat on. 

4. Add about one pint of stock, and lay on 
the meat. 

5. If the meat is very delicate, such as sweet- 
bread, chicken, etc., cover it with a greased 
paper to prevent scorching by any hot coals on 
the top. 

6. Cover the meat tightly, and simmer it very 
gently for the required time. 

7. Lard the meat if it is very lean. 

8. When the meat is cooked, strain off tin* 
stock, reduce it by sharp boiling without tlu 
lid, and after careful seasoning use it 
the gravy. 

Method of Roasting. Roasting is one ol 
the most popular culinary operations. By thi 
sharp heat and free current of air, tho flavour 
is more developed than by any other process, 
and the juioe is better retained in the joint. 

By roasting is actually meant cooking the meat 
by rays from an open fire, .though nowadays* 
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oven roasting is much practised. Still, many 
experts on the matter insist that a joint baked, 
even in an oven with the most up-to-date veiiti-* 
lation, can never compare with a roasted one. 

. The fire needs special car(^ for this ni(‘thod. 
Tt must be clear, bright, aiul well banked up 
before the joint is hung in front, so as lo 
avoid, as much as possible, putting on mueli 
coal during the cooking. “ A little and often" is 
the best rule to remember for those in charge 
of the fire, and it is far the best to j)ush all 
the live coal to the front, j>iitting on the fresh at 
the b(icki so as to prevent any smoke flavouring 
the meat. The “ bottle," or “ roasting jack," 
is generally used to revolve the joint before the 
fire, and a tin meat-screen containing the 
dripping-tin, with a basting ladle, is a most con- 
venient arrangement. It is essential that the 
meat be screened, or much of the heat is wasted 
in the kitchen. A screen kee])s olT any draught, 
and the polished metal reflects the heat again, 
and aids the cooking. 

Unless frequent basting is done at- least every 
ten minutes, the meat will become dry, shrivelled, 
and the flavour but poorly developed. This 
is anothci' reason why oven roasting is less 
successful, as cooks find it too much troubh^ 
constantly to open the oven door, lift out 
a heavy hot tin, baste the meat, and put 
it back again. 

RuLKS for ROASTfNO 

1. Expose the joint to great heat for the first 
(on minutes, to liarden the outside albumen, 
and keep in the juices. 

2. Then lessen the heat, or the meat will be 
dry and burnt on th<^ outside and raw within. 

3. Keep up the fire well, because meat roastt*d 
slowly dries from the gradual evaporation of 
its juices. 

4. Baste the meat at least every ten minutes. 

5. Should the meat bo very k^aii, add some 
dripping to use for basting. 

(). Note that the tliiekest part of the joint is 
so hung that it is in front of the hottest part of 
the fire, which is a little below the centre. 

7. Delicate meats, such as fowd, game, etc., 
should be wrapped in well-greased {>apcr (ill 
about the last twenty minutes, when it is 
removed to brown the outside. 'Phis is often 
Hone, also, to protect the fat of a sirloin or loin 
of mutton at first. 

8, Gravy for roast meat should be ekuir and 
not thick, except for white meats, such as veal, 
pork, and fowls. 

Iho proper time to allow for roasting moat 
is a difficult point, and experience is the only 
guide, as the age, quality, and condition of the 
meat— that is, if freshly killed or hung— must 
be considered, as well as individual tastes. 
The rough calculation usually followed is fifteen 
minutes for every pound the joint weighs, and 
an extra fifteen or twenty minutes on the whole 
joint. For pork and veal, however, allow twenty 
minutes for every pound, and half an hour over 
that time. SoBa, boneless, or stuffed joints will 
need this last calculation, ^ven if beef or mutton ; 


so, also, will freshly killed moats and the flesh 
of young animals. 

It docs not do, however, always to increase 
the time in exa(;t proportion to weight if (ho 
joint is very large. A safe guide is that if the 
flesh in the thickt‘St part (jtrf\<t when pressed with 
the fingers, it is sufticiently cookt^d for most 
tastes ; if it sec'ins to rc.s/.s7 tin. pressure, cook it 
for a longer ptuiod. Or note if the steam from 
th(* meat drawls to the fire, and the joint appears 
to be smoking, it is then pretty sun^ to be nearly, 
if not quite, done. 

Timk-tarle for Roastixo 


Turkey, 8^ lb. 

about 2.J to 3 liours 

Small turkey or goose, (3 lb. 

,, U to 2 hours 

Large fow4 

„ 1 hour 

Hare 

H hours 

Rabbit . . 

i hour 

PhcaJi^ant, large . . 

,, •{ hour 

Pigeon 

hour 

Partridge . . 

20 to 25 min. 

Woodcock 

•i hour 

Grouse 

„ 1 hour 

Sirloin of beef, 10 lb. 

2J to 3 hours 

Ix'g of mutton, (> Ib. 

if hours 

Tx*-g of small lamb 

,, if hours 

Veal, o lb 

., IJ hours 

Joint of pork, 4 lb. . . 

,, 1.J to 2 hours 


Method of Baking. This is one of the 

most convenient and oldest methods of cooking 
on record. To be successful, it is most iin portant 
to see that th(‘. oven in which the food is to bo 
shut up is perfectly clean, otlierwise tlu^ fumes 
of stale and burnt grease, burnt syrup boiled out 
of tarts, etc., will speedily ruin the flavour of 
dishes cooked in it, cspi'eially should they b(^ 
of a delicate nature like milk puddings. This 
ivS HU important })oint much neglected. In many 
ordinary coal-ranges, the top shelf is the hottest 
part, unless it is fitted witli a reversible damper, 
by means of whieli the flame is directed so as to 
pass first uruh'i’ (lie oven, tJieii out into the fliK; 
over th(‘ top. This is described us bottom 
heat. In most up-to-date stoves there is one 
oven with “ bottom heat ” for bread, cakes, 
pastry, (‘te., and another one with “ top heat " 
arranged for roasting. 

Grilling and Broiling. The latter 
is the ancient term for grilling, and is derived 
from the P>cneh “bruiller" (to burn). Though 
both words are still in use, th(‘y mean practically 
the same thing. The process is an exceedingly 
sim])l(‘ one, and has been in })rimtiee in various 
primitive forms from v(‘i’y early times. Grilling 
consists in quickly cooking foods before or over 
a very sharp, clear tire. The rapid hardening 
of the outside albumen ])re vents evaporation, 
and the whole operation and result is much the 
same as roasting, only on a miniature scale. 
Like roasting, it is expensive, as only small, 
juicy pieces such as rump steak, chops, cutlets, 
etc., are suitable to use, and a clear, quick fin^ 
is imj>erative. It is, however, a most savoury 
and digestible method, with the extra virtue 
of being speedily performed. 

A charcoal tire is considered the best, owing 
to its steady, intense l^eat without smoke 
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Care b needed not to make holes in the 
meat with hooka or forks through which the 
. juices would escape, arid to prevent, as much 
os possible, grease dripping off into the fire, 
as the flare it causes imparts an unpleasant, 
sm >ky taste to the food. A smoky fire may l>o 
cleared by throwing on to it a little salt. 

The time for cooking will depend more on the 
thickness than on the weight of the food to 
be grilled. A chop or steak of average thick- 
ness will take from about ten to twelve minutes, 
and should be frequently turned. The gridiron 
is most handy for cooking; besides meat, 
tomatoes, fish, mushrooms, ham, spatchcock of 
game, or poultry, can be treated in this way. 

Method of Frying. Tliis may be 
described as boiling foods in correctly lieattHl 
fats or oils, but, owing to the intense heat of 
the fat or oil used — the temperature being far 
higher than boiling water — the foods cooked 
do not become soft and, if overcooked, mashed ; 
but they acquire a crisp, dry surface, brown 
in colour, and if fried too long, become a 
black, charred mass. Frying is the quickest 
meth^ of cooking, and, therefore, most con- 
venient, It is also savoury and wholesome 
if carried out rigidly ; but when applied to all 
meats indiscriminately, as is so frequently 
done amongst the poorer classes, the injudicious 
use of the frying-pan is to be greatly deplored. 

The two kinds of frying arc: ]3eep, or wet 
frying, and shallow, or dry frying. 

Deep^ or wet frying is done in a deep ]>an 
that contains sufficient fat to at least cov(‘r 
the food to be fried. Examples ; Fish, fritt<‘rs, 
rissoles, etc. 

Shallow frying is done with just enough fat 
to prevent the food sticking to the pan. 
Examples: Pancakes, cutlets, liver and bacon. 

For the first kind, the foods, in many cases, 
should be coated with either egg and crumbs, 
batter, or even flour, to protect them fiom the 
great heat of the fat. .Tii the second kind, 
the longer one of the two, it is necessary to 
turn the food so as to brorni lx)th sides. 

A mixture of clarified beef or mutton fat 
makes an excellent frying medium, although 
oil is greatly advocated by many. 

Temperature of Frying Fat. Hie 
degree of heat is the all-important point ; it 
is so simple, and yet fried foods are often a 
failure through carelessness. 

No food must bo put in the pan until a faint 
bluish smoke rises from the centre of the pan of 
fat — not merely when it rises from the greasy edge. 
The density of the smoke will show whether 
or no a great degree of heat has been reached, 
for all foods do not need the same degree. 

Foods put in fat before a smoke rises from it 
become sodden with grease, soft, and badly 
coloured. Some people prefer to throw' into 
the fat a small piece of bread, and see how' 
rapidly it turns a golden brown. 

Bemember that if the smoke rises in un- 
pleasantly heavy clouds the fat is burnt^ is 
unfit for use again, and foods cooked in it will 
often givo^ rise to severe ind^estion. Over- 
heat^!^^ will eventsiially burst into flame. 
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Rules foe Frying 

^ 1. Have the pan and foods as dry as possible, 
*a8 moisture causes hot fat to splutter. 

2. Never put foods into the fat.xmtil a bluish 
smoke rises frbm it. 

3. Put only a few pieces of food in at a time, 
or the temperature is to:) much lowered. 

4. Drain all foods, except outlets, kidneys, 
s'lusagcs, and bacon, on paper to remove grease, 
but never do this if it would entail loss of 
gravj’^ that might flow' from them. 

5. Be careful that the fat does not burn. 

6. Cool the fat when done with ; strain it. 
and save it for future use. 

It is a mistake to think that because water 
bubbles when it boils, if fat bubbles it must also 
1)0 ready for frying purposes. This is not so. 
Fat that bubbles merely shows to the cook that 
moistu re in some form is mixed w ith the fat. Th is 
moisture must lx> boiled out of the fat — evapor- 
ated, that is— and as it passes off in steam, the 
fat will gradually bubble less, till at last it is still 
Wait a few seconds longer, and then will come 
the desired smoko, and at last the foods can be 
put in the j)an. Household dripping generally 
contains moistun?, often gravy. Remove any 
scum that may rise to the top of the fat as it heats. 

Making Stock. Stock is the water in 
which lK)nes, meat, fish, or vegetables have 
been cooked, wlicn the substance itself is not 
to be eaten, tJic object being to extract th(i 
nutriment and flavour from the ingredients 
for the liquid in the stock -pot, which is to 
make a foundation for the soups, saut*es, etc. 

Pot liquor is the water in which moat, 
voge tables, and fish have been cooked, when 
the substance was to be eaten. It is, therefore, 
much weaker than stock, as the object has been 
to retain all flavour and nutriment possible in 
the ingmlients. Thvn* arc various kinds of stock. 

1 . Fresh meat Htoc?k, brown or white in colour. 

2. General stock, such as is made by boiling 
the suitable household scraps in the stock-pot. 

3. Fish stock for soups, sauces, etc. 

4. Vegetable stock, often thrown away, 
though it miglit well be used in place of water, 
which, as it sliould be l>orao in mind, is the 
resource of a tliriftless cook. 

Stock is required as the foundation of all 
meat 8ou|>s, thick and thin, brown and white. 
Also for movst savoury gravies and sauces. 

Special stock is often required for high- 
class soups, such as consomm^, when nothing 
excei)t fresli moat, bones, and vegetables must 
be used ; but the same rules will hold good for 
it as for the more ordinary household varieties. 

The Stock-pot. The stock-pot is usually 
a well-tinned iron, copper, or steel vessel, fitted 
with a tap and strain 3r ; but a saucepan' in 
good condition w'ill answer the purpose well. 
It should be started with a pint or so of cold 
water, and into it be put all bones and scraps of 
raw or cooked meat, poultry or game, pro- 
viding'tho latter is not high ” ; iSso . surplus 
pieces of vegetables, drops of gravy,: etc; The 
contents should mimer all da;;^, and be strained 
off each night into a clean basin. • 
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ZOOLOGY : CLASSIFICATION OF ANIMALS 

undwlying the Study of Animal Life. Groups of Animals, Verte- ' 
brata, or' Backboned Animals. Mammals ah d Orders' included in the Class 
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have already had oeeasion to notice 
several of the relations between animals 
and. plants, some of primary iinportanee to 
both) others loss far-ri'aching in their nature. 
The interconnection lietween flowi'rs and in- 
sects is an attractive instance of the latter, 
while broader issues are involved when breath- 
ing and feeding are taken into consideration. 

Breaching. EvTry living organism, whether 
plant or animal, breathes, or n'spires — f.c., its 
unstable substance is constantly wasting, with 
elimination " of carbon^ dioxich^ (CO.^) as a 
product of waste; and intake of oxygon (O), by 
which such waste is promoted. The necessity 
for this procoss lies in the fact that it renders 
available a certain amount of energy for the 
execution of movements, etc. AVhuv tliere no 
counterbalancing proei'ss the free oxygen of 
the air would rapidly diminisli in amount, and 
the quantity of carbon dioxide correspondingly 
increase, until in the end every living thing 
would die of sufToeation. ' 

Green plants, however, as else where explained, 
use (with the aid of sunlight) carbon dioxide as 
an important part of th(*ir food, and thus pre- ' 
vent aocumiilatioii of this deleterious compound. 
And further, as a by-product of their nutritive 
processes, they give out large quantities of free 
oxygen, the supply of which,' in the air, is thus 
maintained. Tiie proportirm • betw:een supply 
and demand is so nicely balanced that tlu^ 
composition of the atmosphere would appear 
to remain practically tlic same for indefinite 
periods of time. But if such balance is to be 
kept up it is .clear that tlie proportion lietween 
the sum-totals of plant and animal life must 
remain steady. 

Feeding. Since living substance is con- 
stantly undergoing waste it must as constantly 
renew' itself to a corresponding amount, or 
do more than this if growth and increase are 
to take place, frence the necessity for food, 
which furnislios the building material. In the 
(?ase of animals this is of complex clu'iuical 
nature, and is directly or indirect I3' derived from 
green plants, which alone arc able tc construct 
living substance from simple, inorganic com- 
pounds, Patting jt broadly, w’c may say that 
without such plants the animal world would 
either sulTocate or starve, or both. 

Every Animal the Solution of a 
Problem. Every kind of animal (or plant) 
has come into existence by the modifica- 
tion of some pre-existing kind — t.c., has been 
f'volved^ It may bo regarded as the solution 
of a problem, this being how’ to get a living in 
particular surroundings (in a special environ- 
vfieni) under stress of competition, wliich has 
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orten been acute. Tiie un.siiocessful solution 
have paid tlio penalty by becoming extinct. 
Success is bound up with all sorts of structural 
alterations, tending in various directions, such 
ns better arrangements for securing food, for 
dt'fence, for breathing, for propagation, and 
so on. 

Effect of a Changing Environment. 

Tho suironiidings of animals arc changing 
more or K ss rapidly, and hence the necessity 
for a eonliniiance of the process of evolution. 
As soon as a successful solution of the 
problem is altaimh — nay, while it is being 
attained — the (‘ssentia ls of success have altered. 
And w'o may say that every eomjilex kind of 
animal ooiTcsponds to the sum of a series of 
solutions of a long succession of problems. 

In all animals belonging to the higher groups 
W'c find waning structures w'hich are in process 
of redu(rtif)n, because they no longer fulHl th(‘ir 
original pur})ose. They arc, in fact, the remains 
or vestl'jes of organs which have, so to speak, 
lost tlieir w'ork, the survivals of successful 
solutions to pi'ohlems presenti^d by earlier con- 
ditions. A w'hal(‘, for (‘xamplo, has no visifile 
hind-limbs, hut vestiges of them may be found 
on (lisseclion. These are, no doubt, tlu' dw'indled 
remnants of extremili(‘s that were well developed 
in remote terrestrial ane(‘stf>rs. Anotluu’ good 
example is alTorded by the insects of Kerguelen 
Island, in wbieli the wings have been reduced 
to useless rcmminfs. 'Hic winds are so strong 
in this part of the world that, for insects, .th^ 
power of flight would be a positive disadvantage, 
as its possessor would probably l)e blown out 
to sea and jierisli. 

Change of Function. Organs whi(‘h aro 
thrown out of work by elwinges in surrounding 
conditions often undiutake muv functions, 
ami thereby t'se-ape hi'ing rediu'cd to vestiges 
or disappearing altogethiu*. Fishes, for example, 
commonly possess a swim- bladder, whieh has to 
do with balantang the body in tin; water at 
different levels. Land animals, w'bich have 
undou]»fedly arisen from lisli-like anci'stors, 
have obviously no use for an organ of this kind, 
and there is good reason to think that in their 
case the svvim-bladdiu’ has become modified 
into lungs, by which the gills have been super- 
sedi'd. 

The fact that an organ, at its first inception, 
may not perform the functions it ultimately 
discharges disposes of one objection to the 
theory of evolution— f.c., that it is difficult to 
imagine how'.somc organs have . arisen, seeing 
that they w ould be useless for a particular pur- 
pose in the earlier stages of their development. 
AVings have been adduced in support of this 
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contention. Wings, however, probably at 
iirst merely parachuting organs, affording an 
extension of surface which would be useful even 
•if only of small amount. 

Homology and Analogy. Organs which 
develop in a similar way, and have equivalent 
structural relations, are said to be honwlogons^ 
or to display homolojy, irrespective of the uses 
to which they are pul. That such uses may 
bo different will be realised in the light of 
what has been said about change of function. 
We know, for example, that the “ drum ’ 
of the ear in ourselves, a cavity that has 
to do with the conduction of sound-waves to 
the internal organs of hearing, is represented 
in some fishes by the most anterior gill-cleft, 
which plays a part in breathing. 

Analogous organs, on the other hand — struc- 
tures which display analogy — have similar 
functions, whatever their actual anatomical 
relations may be. The wings of birds and insects 
are in this way equivalent, for they both are 
used in flight, though their nature is utterly 
different. 

Of course, some structures may be both 
homologous and analogous, such as the eyes of 
fishes, reptiles, birds, and mammals. 

The principles enumerated will be frequently 
roferrea to in the sequel, where wo shall have 
to deal with all sorts of adaptations to surround- 
ings of different nature. Every great group of 
animals is constructed on a common plan, but 
this will present all sorts of modifications 
according to the uses to which it is put. 

CLASSIFICATION OF ANIMALS 

The whole of the animal world may bo 
divided into a comparatively small numW 
of large groups, or phyla, the most important of 
which are as follows ; 

Phylum 1. Backboned Animals 

( Vertehrata) 

The highest animals arc here included, and 
ai’o distinguished by the possession of a 
backbone (or its equivalent), a hollow, dorsal, 
central nervous system, and gill-clefts, which 
are always present during part of the life- 
history, though in the highest classes of the 
phylum they have nothing to do with breathing. 
For details, reference may be made to the 
course on Biology, wdiich also summarises the 
ways in which backboned animals differ fron\ 
other forms that are collectively called Back- 
boneless Animals (Tnvertebrata), a convenient 
though not very scientific term. 

Phylum 2. Shell«flsh 

(Molhisca) 

These include cuttle-fishes and their allies, 
snails and slugs, and bivalve molluscs (oysters, 
cockles, etc.), in which the body is not aivided 
into rings or segments, has a fleshy locomotor 
organ, or foot, projecting from the under side of 
tho body, and usually an external shell. 

Phylum 3 . Jointed-llmbed Animals 

(Arthropoda) 

This group embr^es insects, scorpions and 
spiders, centipedes and millipedes, and crus- 
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t;k)eans (lobsters, crabs, shvimp^ 

In all of these the body is segmented, or dUvided 
into rings, or segine Is, of which a varying 
number bear jointed I'.mbs. There is a homy 
external skeleton, sometimes strengthened by 
calcareous matter, as in most crustaceans. 

Phylum 4, Ringed Worms 
{Annelida) 

This group includes a vast number of marini' 
wwins, as well as earth-worms and leeches. 
Their bodie.s are segmented, and in marine 
worms the segments arc provided with stump- 
. like limbs, never divided into joints. 

Phylum 5. Lamp-ahells and Moss- 
polypes (Molhiscoida) 

Lamp-shells appear to be distant and special- 
ised relatives of the ringed worms, and possess 
a bivalve shell, which differs, however, from 
that of bivalve molluscs. They are, marine, 
as also arc most of tho moss-polypes, minute 
creatures that arc nearly always aggregated 
into variously shaped colonies. ' 

Phylum 6. Wheel Animalcules 
(Rotifera) 

These are very small, transparent creature.^, 
of doubtful affinities, which abound both in 
salt and fresh water, and are among tho most 
attractive of microscopic objects. 

Phylum 7. Reund Worms 

(N einaihelmia) 

Here are placed numerous rounded, un- 
sogmenled worms, many of which are parasitic, 
and may have a complex lifc-histoiy. 

Phylum 8. Flat Worms 

(Platyhehnia) 

Most of the mcmbei’s of thil group arc 
flattened, unsegmented parasites — e.g., tape- 
worms and flukes. They are chiefly notable 
as being a source of disease, while their lifo- 
history is ofUm exceedingly complex. 

Phylum 9. Hedgehog-skinned 
Animals {Echinoderina) 

This phylum is very clearly defined, and 
includes a large number of purely marine 
animals, of which star-fishes and sea-urchins 
arc most commonly known. In the mem- 
bers of the preceding .phyla the body 
hilaierally symmelrical — i.c., divisible into right 
and left halves, with a clear distinction between 
anteiior and posterior ends, while the upper 
and under surfaces are more or less unlike eacli 
other. But in star-fishes and their allies, 
although the same kind of S3rmmetry W tract - 
able, it is more or less obscured by radial 
symmetry — a kind of regularity such as is seen 
in a wheel, star, or regular flower. Tlie skin 
strengthened by calcareous plates, Ivhioh often 
bear spines. 

Phylum 10. Zoophytes 

(CeeXenterala) 

Probably the most familiar members of thi^ 
phylum arc the beautifully - coloured sca- 
anemonos, which are to be found sticking 
rocks between tide-marks, and when fully 
expanded well deserve their name of ‘‘ sea 
flowers.’* Such an animal is essentially 
living stomach, radially sjmimetHoal, with 
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circlets of tentacles surrounding a central 
mouth. Corals and jelly-fishes are other 
exampl^ of the groui>. Nearly all zoophytes 
are marine, and a large mini jcr are in colonics. 

Phylum 11. Sponges 

(Pprijna) 

A simple sponge is a vase-ahapc‘d struetiiro, 
with its walls perforated l)y niimaroiiH canalH, 
into which flow currents of water hearing footl 
and oxygen. The various products of' waste 
are borne away by a stream that makes its exit 
from the mouth of the vase. INlost sponges, 
however, form colonics, of various and oftrn 



(!<trL' .t lliiilf 

239. OKEAT ANT-EATKR 


irregular shap.M. ThiTo is usually a cak'areous, 
flinty, or horny sk(‘lcton, a good example of 
the last being afforded by the bath sponge. 
With f('w (exceptions, the members of the 
group an* marine. 

Phylum 12. Animalcules 

( Pratozoa) 

This pjiylum ( mbraei's a host of lowly 
animals, the vast majority which are minute 
or microscopic, and often diflicult to distinguish 
from the lowest plants. The body of an 
animalcule consists of a singk? ecU only, but this 
may be of very complex character. Som * of 
the slimy “ oozes ” which cover vast areas of 
the ocean floor are mxinly composed of the 
calcareous, or flinty, sk('letons of creatures of 
the kind. 

Taking these twelve great groups of the 
animal kingdom in order, beginning with the 
highest, we shall be able to il lust rate abundanlly 
the main principles of Zoology, the chief diffi- 
culty lying in the great wealth of material. 

BACKBONED ANIMALS 

( Vertvhraia) 

, This large division of the animal kingdom is 
subdivided into the following classes [s(^c 
BiOLOOV]: 1, Mammals (Mawmnpa) ; 2, Birds 
(i4ve«) ; 3, Reptiles {Heptilia) ; 4, Amphibians 
(Amphibia) ; 5, Fishes (Piscet!) ; fl, Border 
vertebrates (Protochorda). 

Mammals (Mammalia). To this class 
b.:'long all the familiar warm-blooded (quadru- 
peds, together with certain specialised a(|uatie 
forms — r.gf., whales, which are popularly, but 
erroneously, regarded as fishes. All mammals 
breathe orciLnaiy air by means of lungs, and 
never at any time possess gills. They are more 
or less clothed with hair, and their young are 
nourished for some time upon milk. 


The order.s or groups of mammals are as 
follow : 

Order 1. Men and Monkeys 

(Primates) 

All the m mibers of this order arc distinguished 
by the po.^si'ssion of a relativ(;ly large brain, 
and this affiicts the geiK'ral shape of the skull, 
one result being that the eyes are directed to 
the front. Man aUme excepted, those highest 
mammals are adapted for a climbing, tree life, 
and their feet are grasping organs. 

Man-i.ik k .Apes. Tm^se aqiproach more nearly 
to man in strut;ture than the other m 'mbers of 
the ord»'r, and, unlike these, can walk on thoir 
hind limbs with more or less facility. The 
gorilla and ehimpanzee [230] are native to 
tropical Africa, the orang-iitaii to Sumatra and 
Borneo, and the gibbons to south-east Asia. 
Tlie.'^e, and the veiy numerous monkeys of the 
Old World, have comparatively narrow noses, 
thus differing from th(5 broad-nosed monkeys 
of America, many of which also poss(*.ss pre- 
hensile tails. In the latter group, too, arc 
included the litthi marmosets. 

Order 2. Lemurs 
{jAtmiroidai) 

Thos(? are small monkery- like' ereatun^s in- 
cluded by soiiK^ authorities in the last order, 
but de(!idedly lowt‘r in the scale. They inhabit 
the tropical forests of the Old World, most of 
them being peculiar to Madagascar. 

Order 3. Insect-eaters 
(insertit'ora) 

The members of this large and ancient order 
ari' small animals found more or loss in nearly 
all parts of the world, and adapU^d by their 
structure to feed upon insects and other small 
(U'eaturoH. Of British species, the hedgehog 
[231], mole, and shrew, belong hiu'e. 

Order 4. Bats 
(Chiroptera) 

These are closely related to tlie insect-eaters, 
from hieh they differ in the possession of organs 


• ' % 



! 


’ V 




/ 


' ■' 




240. KANOAROOS 

of flight (232J. The larger bats of the East 
Indies are fruit-eaters. 


Order 5. Gnawers 

(Rodentia) 

Here, again, we have a large, ancient, and 
widely distributed order, inclu(ling animals that 
are mostly small, and generally adapted for 
living upon vegetable food, though some arc 
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omnivorous. They possess four chiscl-edged 
front teoth (incisors), which grow continuously 
throughout life. Of familiar British types, 
;rabbits, hares, voles, rats, mice, and squirrels 
illustrate the wide variations in habit that 
characterise the order. 

,Order 6« Hoofed Mammals 

(Ungulata) 

This group includes most of the large herbi- 
vorous forms, as well as a few omnivorous ones, 
and the hoofed extremities are more or less 
adapted for swift progression. The odd-toed 
and even-toed ungulates are respectively dis- 
tinguished by an odd and even number of digits 
on the hind foot. 

Odd-toed Unc.uuates. The pig-liko tapirs 
of south-east Asia and Soutli America possess 
four toes on the fore and thi’oe on the hind foot, 
while the rhinoceroses [283] of Africa and South 
Asia have only three on each. In horses and 
their allies there is but one large toe on each 
foot. 

Even -TOED Ungulates. The omnivorous 
swine and tlie plant-eating hippopotamus of 
Africa [284] do not chew the cud, and thus differ 
from the ruminants, among which are inoludtid 
deer, oxen, sheep, goats, giraffes (235], camels, 
and llamas. 

Order 7. Elephants 

(Prohoscidea) 

Tliese huge plant-eaters, native to Africa and 
South Asia, are in many ways simpler in struc- 
ture than the members of the last order, but 
their teeth arc mucli specialised, and tlic pre- 
hensile trunk, into which the snout is drawn 
out, is a notable peculiarity [236]. 

Order 8 Sea-cows 

(Sirenia) 

This group of plant -eating marine mammals 
is represented only by the dugong and manatee, 
which haunt the shores and estuaries of the Indian 
Ocean ami South Atlantic respectively. The 
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tail is horizontally flattened, the fore limbs are 
modified into dippers, and the hind limbs have 
disappeared entirely. 

Order 9. Whales and Porpoises 

(Cetacm) 

These are still more fully adapted to an aquatic 
life than are the sea-cows. Some, such as the 
.porpoise and sperm-whale, possess numerous 
pointed simple teeth, while the whalebone whale 
and its allies are entirely toothless.' 
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Order 10. Elssb^jsiit^rs 

(Carnivora} * ^ 

Here are included a great variety of predaoeous 
forms, possessed of strong tusks, or canines, cut* 
ting back teeth, and clawed digits. 

The Cat Family (Felidoi) embraced the species 
best adapted for a carnivorous life, such as the 
lion [237] of Africa and India, the tkerof Asia, 
and so on. The hyaenas of the Old World make 
up a closely related group. 

Tlie Dog Family (Canidcp) includes dogs, 
wolves, foxes, and jackals, which are not so 
specialised as the foregoing. 

The We\sel Family (MnMidce) is repre- 
sented by many small blood-thirsty forms, such 
as weasels, and by the larger otters, which are 
equally rapacious. The oimiivorous badgers 
also find a place here. 

The Beau Family (Ursidm). With the ex- 
eeption of the Polar bear, the members of this 
family are omnivoroiib, and less specialised in 
htrueture than most other flesh-eaters (238]. 

Aqtmtkj P i.esu-katers (Finn i pedia). These 
are the walruses, sea-lions, and seals, all of which 
are a\i' 11 adapted to a marine life, as may lie seen 
by their shape and the flipper-like nature of 
their extremities. 

Order 11. Mammals Poor in Teeth 

(EdenUitn) 

Living in South America are a number of 
areliaic forms, which are the chief living examples 
of this d'^cadent order, that is also represented, 
Iioi\ever, in the Old World. They include the 
tootbl(*8s great an! -eater [239], the burrowing 
and armoured armadilloes, and the loaf-eating 
arboreal sloths. ^ 

Order 12. Pouched Mammals 
(Marsicpialia) 

Except the AnuTiean opossums, the mem- 
bers of this primitive order are natives of 
the Australian region, where, in the absence ot 
competing higher types, they have acquired an 
extraordinary diversity of character, adapting 
themselves to the most varied habits. The 
native wolf ” for instance, is a flesh -eater ; the 
banded ant eaters are insectivorous; the little 
pouched mole feeds on various small creatures ; 
the springing kangaroos [240] are herbivorous ; 
the bun owing wombat devours roots, and the 
olimbing phalangcrs eat fruit. The young of 
marsupials are bom in a very immature condi- 
tion, and are sheltered for some time in a pouch 
formed by a f old of skin on the underside of the 
mother’s body. 

Order 13. Egg-laying Mammals 

(Monotrermta) 

I'liis order includes only the duck-billed 
platypus [241] and spiny ant-eaters of Australia, 
which are much more primitive in structure than 
any other existing mammals, and present many 
points of resemblance to reptiles. The most 
extraordinary fact in regard to them is that they 
lay eggs, though the young, when hatched, are 
fea on milk, as in the other orders. The milk- 
glands, however, are devoid of teats, and their 
secretion oozes into a depression, from which it is 
licked up. 

Continued 
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IN addition to educational and Poor Law 
* appointments, which are reserved for speiual 
consideration, there remain several of the 
Municipal Service departments that may con- 
veniently be included witljin the scope of a single 
article. Of those the most notable are the public 
libraries, asylums, parks and gardtuis, the tire 
brigades, the municipal tramways, and tht^ 
lighthouse service of Trinity House. 

Mention maybe made also of the appointment 
of coroner — a valuable otfiee, commanding a 
salary (or equivalent fees) varying bi^twecn £400 
and £1,200 a year. This post is within the dis- 
posal of th(5 borough or county authority, but as 
it is always reserved for a legal or medical expert 
of established position and wide experience, no 
useful purpose could be sorv^ed by discussing it 
further in tliese columns. 

Public Libraries. Tlie most divtu’sc 
views prevail among borough councils as to the 
remuneration of library oftlcials. Fairly valuable 
appointments are somot imes made in this service ; 
but, on the whole, it cannot be said to be lib('rally 
rewarded. A municipal librarian wlio is p(u*haps 
the most eminent member of the services ex- 
presses hiii opinion on this (piestion with the 
utmost force. “I should think there is no 
doubt whatever,” he writes, “that, as a class, 
librarians are not adecpiately remunerated. It 
is indeed a simple truth to say that librarians 
as a body are among the worst remunerated 
officials in the service of municipalities. Tins is 
due very largely to the limitation of tlie library 
rate.” On the 'one hand, the (hiildhall 
librarian (who is a well-known aiititjuarian and 
scholar) receives £8.50 a yiuir, the chief librarian 
of Manchester £;)00, and his colleague at St. 
Pancras £1150, rising to £500. On the other hand. 
£80 a year was lately offered at Hanw(41 for an 
“ experienced and qualilied ” librarian, and the 
Taunton (Council invited applications from 
trained officials between 28 and 45 years of age 
for a head position at £100 a year, witJiout 
residonco. 

Such instances are not altogelht‘r exceptional, 
the obvious explanation being that, in the rank 
and file at least, the libraries service* calls for no 
special qualifications. Fair abilities and educa- 
tion, a gentlemanly address, and some pn‘vious 
experience — these comprise the usual requin'- 
ments for minor positions, and the eoinpetitio?i 
among young men thus equipped is so great that, 
in accordance with the laws of supply and 
demand, salaries rule low. 

The service is chiefly recruited by youths 
entering either as evening assistants at a few 
shillings weekly, or, more generally, on a full- 
time footing as junior assistants at £25 or £30 a 


year, rising to perhaps double their initial salary. 
On promotion to siuiior grades their e;^rning8, 
starting at £70 or £S0 a year, will reach £100, 
£120, or £150, the last figure being seldom 
exeecdt'd for auxiliary posts. The next step — 
either a branch librariansliip or a small indo- 
pend(‘nt command —may mean but a slight ad- 
vance in salary, tlic average range for such an 
ajipoint merit being from £120 to £180 a year, 
with or without rooms. Its importance to the 
young oiiicial lies in the chance thus afforded him 
of proving what mettle is in him -his judgment, 
organising skill, and general fitness for iho 
responsibility of a principal position. 

Leading appijintments, as already indicatetl, 
are very variously repaid. In the borough of 
Wandsworth, possessing four important public 
libraries, the principal librarian receives £3.50 a 
year, with residiuiee, light, and tire, and the three 
other officers in charge, £250, £230, and £150 
respectively, with similar emoluments. The fol- 
lowing stipends are paid to (ffiief librarians in 
other London boroughs : (trecnwich, £150, 
rising by £10 yearly to £200, with quarters, li^ht, 
and fuel ; Fulham, £200, rising to £275 ; Isling- 
ton, £300 ; Deptford, £200. 

Ladies as Librarians. TIk^ lihrarios 
service affords a field of fairly w'cll-paid employ- 
ment for women, many of whom are engaged 
by local authorities in suliordinate positions. 
The rate of remuneration for lady librarians is 
generally less than for their masculine col- 
leagues, junior assistants receiving from £20 to 
£40 yearly, and seniors, £50 to £80. Manchester 
has pbu'cd four of its branoh librarii^s in eharga 
of ladies, with salaricjs ranging from £70 to £05 a 
year; and in tlie libraries of several London 
boroughs a small femali^ staff is employed at 
similar rates. 

The Library Association. With the 
object of improving the qualifications and status 
of librarians as a class, an important organisation 
has been formed among rnc nibers of tlio service, 
under tlie tith' of the Library Association, having 
its head(iuart(‘!\s at Whitcomb House, Wlutcomh 
Stre(4, Pall Mall, London, S.W. Its edueafional 
work is carried out in conjunction with the 
London School of K(*onomics. and consists of the 
special training of as.fistant librarians and other 
students who are seeking proficiency in library 
work, with a view' to qualifying for responsible 
posts. Lect ur('H are given on the various special 
duties of librarians, and examinations are held 
p(‘ri()dieally, on the results of wdiieh certificates 
are aw'arded to successful candidates. A series 
of ec'rtificatcs entitles the student to the diploma 
of the Association — a qualification which in itself 
should add materially to the diplomate’s chanoo 
of securing a leading position. 
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Asylum Officials. Apart from medical 
' billets (wbich have already been discussed on 
page 699), municipal asylums furnish employ- 
' ment to a largo staif of stewards, matrons, and 
r subordinate officers. Tiiese posts arc variously 
filled, some authorities advertising vacancies and 
others adopting the system, of a “ waiting list.” 
Candidates for service under a particular council 
should, therefore, ascertain from the clerk which 
of these methods is adopted. 

The Asylums Committee of the London 
County Council, which controls ten large asylums 
and may be taken as a typical authority, re- 
munerates its officers on the following scale, an 
annual increment, up to the maximum salary, 
being given in every grade. 

Steward, £300, rising by £20 to £400, with a 
house. 

Storekeeper, £200 to £250. 

('•lerk, £200 to £350. 

Assistant clerk, £100 to £150. 

Dispenser, £110 to £160. 

Matron, £100 to £150. 

These officers, except stewards, advance by 
£10 yearly. 

A1?sistant matron (second class), £60, by £2 
to £70 ; lirst class, £80 to £90. 

Male attendant (second class), £29 to £35 ; 
first class, £36 to £43 ; head officer, £50 to £66. 

Female attendant, in corresponding classes, 
£18 to £24, £25 to £33, and £40 to £50. 

Farm baililf, £2 2s. to £2 lOs weekly, with a 
house. 

Tailor and other workmen, 30s. to 38s. 

Male cook, £60 to £70. 

Butcher, £52 to £60. 

Cardener, 25s. to 308., and a cottage, or 58. 
extra instead. 

In addition to their salaries, storekeepers, 
cooks, aud butchers are provided with meals free 
of charge, and clerks and dispensers with dinner 
only. Matrons of each class receive board, 
lodging, and washing, and attendants the same 
advantages, with their uniforms, and £2 a year 
good-conduct money besides. 

In connection with this service, it should be 
•noted that the posts of steward and storekeeper 
are generally filled by the promotion of asylum 
clerks, and that of matron from the assistants. 
(Candidates for assistant clerkships aiv required 
to have some knowledge of accounts and to 
understand the receipt and issue of stores. The 
higher grades of attendant are invariably re- 
oniited from the subordinate ranks. It is the 
Counci Fs general practice to appoint second- 
elass attendants from a list of suitable appli- 
cants, the age limit prescribed for men being 
35 years or less, and for women 20 to 30 years. 
Preference is given to male candidates who ai'o 
instrumentalists, or who can play cricket and 
football, and to women with a knowledge of 
music and singing. Dispensers should hold the 
iniuor certificate of the Pharmaceutical Society. 
A liberal pension scheme is in force for officers 
.of all ranks. 

Municipal hospitals are staffed in practically 
the same asylums, except that the attend- 
ants are replaced by a corresponding number 
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of nurses. These officers, if adihiiled.aa pro- 
bationers, receive from £15 to‘^£24 yearly^ during 
training, and afterwards £35 to £45, in .each 
case with full allowances in Addition. 

Baths and Washhouses. During recent 
years, many local authorities have realised 
the ui'gent need for promoting cleanliness — ^both 
personal and domestic — in their districts. Ono 
result of this awakening is manifest in thenumer- 
ous and well-appointed public baths and wash- 
houses owned by municipal bodies in every part 
of the country. These buildings — some of ’which 
contain elaborate and costly apparatus for 
vapour, electric, and medical baths — are gener- 
ally placed in charge of a superintendent, with 
or without the aid of a matron. 

The position of baths superintendent is a. 
responsible one, requiring a sound practical 
knowledge of hydraulic and heating apparatus, 
as well as good organising powers. A recent 
advertisement of such a vacp^ncy stated that 
“ (Candidates must be thoroughly competent tfj 
take charge of the building and machinery, and 
those whose qualifications includii a knowledge' 
of engineering will receive special consideration.” 
In this, as in many other instances, it was 
stipulated that applicants must be not more 
than forty years of age. The value of these 
posts may be best shown by a few typical cases 
In addition to residence, coal and fuel, the 
su|)erintendent of baths for Manchester receives 
£300 a year ; at Westminster, £2,50 (advancing 
to £300) ; at Battersea, £200 ; and at Kensing 
ton, £130, rising to £160. The superintendent 
and matron of the Wandsworth baths receive a 
joint salary of £160, with the usual allowances 
(Corporations owning several public baths often 
place an expert nmssevr and bath attendant in 
charge of each as manager, under the geneial 
control of the superintendent, at a stipend of 
£120 or £150 a year. For attendants and sham- 
pooers, the customary rate of pay in municipal 
baths is SOs. to 408. a week. 

Parks and Gardens. The foremost 
municipal owner of open spaces is probably tlu- 
London County (^uncil. That authority can 
boast of 106 pleasure grounds, covering 4,920 
acres, for the care of which a permanent staff ot 
880 men is employed. Efficiency is encouraged 
in the L.C.C. service by filling all the hignei 
posts by promotion. Applicants are admitted 
either as gardeners at 28s. a week, orasoonstable^^, 
labourers, or under-keepers, at 278. From thcii 
ranks selections are made for the respective 
superior grades of propagators, sergeants,' and 
keepers, and so up to the highest position attain 
able — that of park superintendent, at a maxi 
mum salary of £225 a year, with a house, gas, and 
water free. Candidates, who must be between 
25 and 40 years of age, may obtain application 
forms and further particulars from th*' 
Parks Department, 11, Regent Street, London. 
S.W. For gardeners, the Koval Horticultural 
Society’s certificate in practical horticulture is tt 
recommendation . 

Save that in provincial areas the average of 
salaries is somewhat lower than in London, thi'> 



' tb' illustrate the general con- 

5f service in municipal gardens and 
'lEM^BoCteties throughout the country. 

It may be mentioned, however, that the post 
of general superintendent of parks (worth in 
the larger boroughs from. £250 to £450 a year) 
is usumly to be reached by direct promotion, 
which is not the case in London ; and that a 
clerical registrar is appointed to each cometevy, 
at a salary averaging £260 a year. 

Fire Brigade Posts. The eonditions 
of service probably vary more widely, according 
to the district, in this than in any other branch 
of local government work. Under the smaller 
councils, the fire brigade is either an amateur 
corps, or at best a volunteer company receiving 
some such casual remuneration as a shilling fo:* 
every hour of actual duty at (ires. In larger areas 
it may comprise a small stall of salaried officers, 
reinforced by volunteers in time of need. Many 
borough councils regard it as a branch of ))olice 
duty, appointing a special section of their force 
to act as firemen. This is the case, as we saw, 
with the Liverpool C’onstabulary, wbicli includes 
a smart and well -equipped lire contingent. 
Finally, as in I..ondon, Manchester, and other 
leading towns, the fire brigatle is a large and 
distinct force. 

The London Fire Brigade. The 

title of this famous body, long known and 
admired of Londoners as the Metropolitan Fire 
Brigade — or more familiarly as the “ M.F.B.” — 
has lately been altered by Act of Parliament, 
for cogent reasons which one yet cannot help 
regretting on sentimental grounds, i o that which 
heads the present paragraph. The London Fire 
Brigade, the very type and model of an efficient 
service, is Controlled by the County Council for 
the capital, and supported mainly by the rates, 
in ]part from the contributions of fire insurance 
companies, and to some small extent by a 
Government grant. It is, therefore, in essence 
a municipal body, and as the largest lire force in 
tht Kingdom, numbering 1,30() of all ranks, it 
offers the widest scope to would- he recruits. For 
these reasons, its conditions of entrance and 
service merit our special notice. 

Candidates for entrance into this small civil 
army, either as firemen or coivchmtMi, should 
apply personally at the brigade headquarlers, 
ki Southwark Bridge Road, at 9 o’clock on any 
BViday morning. Recruits arc cari'fully chosen 
under the following conditions. They must bo 
smart, strong, active men, of good cliaratuer ami 
• education, between 21 and .31 years of age, at 
least 6 feet 5 inches in height, and .37 inches 
loiind the chest. Married mi^n are rarely 
accepted for either branch. As far as possible, 
preference is given to London candidates. For 
fireihen, service in the Navy or the mercantile 
marme is an almost essential qualification. 

Payment of Firemen. Applicants who 
satii^fy these conditions, on passing a medical ex- 
amiOaitibn and a test of strength, ore admitted as 
probationers, and undergo a course of instruction 
thit ji^s, about three months, receiving 24s. a 
w^l6‘ineahtime; 
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The pay of firemen on appoiutmoiit is 26s. a 
week, and rises to 37 h, ed. Coachmen, who 
form but a small proportion of tho staff, begin 
at 24s. and rise to Ills. 6d. a week. Unifoim 
is, in either grade, provided free of charge. There 
are about 100 siq>ei ior posts in tho Brigade, as 
station officers, district officers, and sufierinten- 
dents, with salaries ranging frorii £130 to £245 
a year, all of which arc filled by promotion from 
the ranks. Lastly, that tho fireman may face 
fhe risks of his calling without undue anxiety for 
fhose dependent on him, there is a liberal scheme 
in force of gratuities and pensions for officers, 
and allowances to their widows and children. 

In provincial brigades, the initial pay of 
offi<‘eis is about the same as in London, but the 
higher posts are nt)t so well rewarded. Man- 
chc‘s<cr pays its chief fire officer £350 a year, 
and his lanitonant £2fM) ; but, except in towns of 
such leading ro.nk. tho superintendent — who, as 
responsible officer, must have administrative 
capacity as well as pract ical expei'iiinee — seldom 
receives more than £1.50 to £180, with quarters, 
light, and fuel. The lower figure was lately 
otfered, not only at Swindon and Edmonton, 
but even by so important a county lK)rough as 
Croydon. 

The Coastwise Lights. Tho light- 
house service of England and Wales is under the 
jurisdiction of that quaint, and ancient “ Corpora- 
tion of the 3Vinity Houses at Deptford Stroud,” 
which now' has its headquarters on Tower Hill. 
The Trinity House is a foundation of unknown 
antiqiiity, that was already a flourishing insti- 
tution wlien tho eight li Harry granted it, in 1514, 
its earliest Royal charter. In addition to con- 
trolling the lighthousop and lightships of tho 
coast, the Corporation is entrusted with tho 
management of the general buoyage system, 
and the removal of dangerous wTccks around our 
shore. For the execution of thest^ duties, a large 
staff of officers is employed in tho lighthouses, 
lightships, and steam vessels of tho Corporation. 
The strength of each branch is approximately 
as follows. Lightlu^use keepers 200 to 250 ; 
light-vessels staff, ,550, and steam vessels, 1,50 
men, excluding officer.s. Tho conditions of 
entry into this service, and the rates of pay 
obtaining in it, are as follows : 

Lighthouse Keepers. Candidates must 
bo between the ages of 19 and 28, and un- 
luarricd. They arc recjuired to produce certifi- 
cates of birth, health, eharaeter, and education — 
the last re((uirement comprising reading, writing 
from dictation, and a fair knowledge of arith- 
metic. In the selection of men for employment 
preferonec is given to artisans and sailors. 
On entering tlie service, officers are classed 
as su|K'rnumoraries and arc paid ‘2s. fid, a day. 
When qualilied for appointment to a lighthouse 
as assistant keepers, they receive 3s. a day, 
with dwellings, coal, and light (or a money 
allowance in lieu thereof), and their uniform, 
and are entitled to medical attendanot^ at a 
nominal charge. Their daily pay increases 
by gradual increments to 4s. •2d., the maximum 
pay of a principal keeper. By a wise provision 
the life of every keeper is insured by the Trinity 
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:Hottse for tlio benefit of those who may be 
•dependent on him. For this purpose the Cor- 
poration pays a fixed annual premium of £3, 
..the value of the policy depending on the officer’s 
-age on entering the service. 

For the light- vessel and steam- vessel branches, 
applicants must bo seamen under the age of 32, 
and must provide certificates of birth, character, 
and sea service in the A.B. class. A member of 
the crow of a lightship receives 4s. Id. a day 
on entry, rising through various grades to Os. Id., 
the maximum pay of a master. On the steam- 
vessels the rate of pay for seamen starts at 
4s. 4d. and rises to 5s. 8d. a day, the maximum 
wages of carpenters. Officers in the steam- vessel 
branch are appointed from those who have been 
apprenticed to the service as*youtlis. Vacancies 
for such apprentices are not frequent. In either 
branch the seaman’s uniform is furnished free, but 
every man has to provide his own food. After three 
years’ service the life of each seaman is insured. 

Men in the lightship service are afloat for 
two months at a s])ell, and arc then allowed 
a month ashore. During the shore turn, hoAv- 
over, they must report themselves for duly at 
the district depot, and are occasionally required 
to form part of the crew of the district steamer, 
in which case they receive? extra pay. Masters 
and mates of liglit- vessels s])end alternate 
months afloat and ashore. 

Officers of the Trinity Tfouso arc granted 
pensions proportionate to their service, 40 years’ 
duty entitling tlu^m to tlie maximum allowance 
of two-thirds pay. 

The Tramways Service. Then* are 
some 14 municipal tramways in Great Ih itaiii, 
conveying every year over their 1,150 milt?s of 
metals more than 1,000,000,000 pasaeugtM’s. 
Employment is thus aiforded to a huge indust’ ini 
army, on terms whu-li an' generally more liberal 
— in respect alike of higher Avages and shorter 
hours — than those exacted by pri\mtc com- 
panies. The TraniAvays Department of tlie 
London County Council, AV'hieh is only rivalled 
in size by that of the (Glasgow Corporation, 
numliers .3,500 Avorkers, from general manager 
to iraoc-boy. Apart from administrative 
officers, its employees are remunerated at the 
folloAving typical rales: Drivers and con- 
ductors, mechanical or horsed (?ars, 4s. 9d. a 
day ; after six months, or on obtaining a service, 
5s. 3d. ; 5s. 9d. after six months on a serAuee, and 
at the end of another half-year the maximum 
rate of fis, .3d. a day. An overcoat, uniform 
coat, and two (^aj)s arc allowed yearly. 

Foremen, £2 to £3 lOs. a wvek. 

Regulators, £2 2s. to £2 4s. 

Ticket Inspcctois, £2 2s. 

Night Inspectors, £1 10s. to £2 2s 

Point fitters, £l I5s. 

Horsekeepers, £1 fis. to £1 9s, 

There arc also a number of car washers, 
track cleaners, and point shiftens, earning be- 
tween £1 and £1 10s. a week ; as well as carmen, 
permanent- way men, and labourers, at standard 
rates of pay. 

Vacancies in the municipal yards are usually 
filled by the Chief Officer of Tramways. In 
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the case of th ? L.C.C., applications for* employ- 
ment should bo addressed to that official at 
303, Camberwell New Road, S.E. 

HalNkeepers. According to the nature 
of the duties exacted, the remuneration of 
the town-hall keeper generally varies between 
30s. a week and double that sum-— always 
with residence, coals, liglit, and uniform. 
Yet, modest as it is in position and in official 
rewards, this post is eagerly contested whenever 
a vacancy is announeerl, for it is an open secret 
in the municipal world that a hall-keepor’s 
extra earnings often equal his salary, and are 
sometimes far in excess of it. Receptions, 
civic balls, and other functions bring rich largesse. 
to the official in charge. When a London ap- 
pointment of this class, with a stipend of £2 
a week, Avas recently advertised, its actual 
value was computed by those avIio should know 
as bt?t\A'ecn £.350 and £400 a year. 

Beyond iixing an upper age limit of 45 or 50, 
and stipulating sometimes for the absence of 
“ encumbrances,” the qualifications of hall- 
keepers an' rarely iireserihod. I’hoso which 
commend themselves most to the appointing 
authorities are gOod organising poAvens, smartness 
and method, previous experien^'c, regularity of 
habits, and a fair degree of education. 

Gas Metejr Inspectors and Water 
Experts. Among the smaller departments of 
local government work m.'.y be mentioned tho 
inspection of gas meters and of water tittings, 
111 London flu? former service is recruited by 
appointing applicants whose names arc on the 
council’s books to the grade of assistant or 
clerk. zVssistants rccei\^e 2r)S. a Aveek, rising 
to 30s., and on becoming resident assistants 
they advance by 2s. a Avcck yearly to 508. a 
AA'cek, Avith lodgings, coal, and gas. Gas meter 
clerks rise by £5 yearly from £100 to £150 a 
year. From th(?se Iavo classes promotions are 
made to the rank of gas meter inspector (£1.35 
to £175), and (?hief inspector (£200 to £.300). In 
the larger provincial toAvns the gas-moter testing 
department is variously organised, but the posts 
attainable in it are approximately of the same? 
value as in London. Whaler inspectors are prac- 
tical exports employed by all corporations Avith a 
municipal AA'ater supply, their duties consisting 
chiefly of the examination of service fittings and 
the det ect ion of leakage and Avaste. They ate 
paid from 35s. to £2 5s. a week or more, Avitli 
chances of promotion to tho position of chief 
inspector, with a salary of £250 or £300 a year. 

Messengers, Caretakers, and Porters. 

Municipal messengers, caretakers, and porters, 
as they dilTcr in no wise from their colleagues 
outside the pulilie service, need occupy but very 
few words. They are generally appointed from 
“ waiting lists ” kept by the council’s clerk. 
Applicants possessing such modest qualifications 
as these posts require should, therefore, secure 
the addition of their names to the queue of 
“ suitable persons.” This list, however, is 
usually a long one, for the public service, like 
all others, is most crowded at the foot. 

Continued 
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' have now seen how the rocks have been 

^ solidified from their original liquid condition 
in the great subt/crraneari lal)oratoiy We have 
next to embark upon the larger, and, in some 
ways, more interesting, consideration of how they 
have been changed and moulded on the surface 
of the earth. The presLuit condition of the 
world, with its mountain ranges and river valleys, 
its broad seas and fertile plains, is mainly due to 
the work of the agencies to which we shall now 
give attention. 

The following table presents, in a conv(‘nient 
form for reference, the c/nV/ewc, or superficial 
forces^ which have thus modified our planet : 

1. Aerial Forces. 

(a) Wind 

(/)) Weather 

(c) Changes of temperature 

2. Aqueous Forces. 

(а) Rain, hail, and snow 

(б) Underground water 

(c) Running water 

(d) The sea 

(e) Ice 

3. Organic Forces, 

(a) Plants 

(b) Animals 

(c) Man 

Those agencies are very simple and natural 
forces, with which we are all perfectly familiar. 
They are the forces, in short, of a/r, wa/er, arul 
li/e. It is one or other of these three force.s to 


which is due the change of the earth from a 
barren and fire -swept globe of volcanic rock, upon 
which no kind of life was possible, to the hospi- 
table and fertile planet which wo now inhabit. 

The Atmosphere. Wc shall first con- 
.sider the geological work of the atmosphere. W'e 
are accustomed to think of the air as a yielding 
and impalpable* substance*, so that it is not easy 
to re‘alise at first the immense* quantity of w'Ork 
whie'h it has done in modifying the faen* of the 
^‘arth. We know, however, that air, invisible 
and subtle as it is, when put into rapid motion, 
is capable of very destruetivo effects. The 
destruction of human property whiedi is occasion • 
ally cause‘d by a cyrlone or tornado on land, and 
the wrecks which strew our shores after every 
storm, alike hear witne.ss to that. The geo- 
logical effects of wind, which is simply air in 
motion, have thus to lx* reckoned with. 

The Work of Wind. We can readily see 
that om^ of the most important of these effects is 
the t cans port atirm of matter f?om one place to 
another. Tin* tendency of otlu^r natural forces, 
as we shall se;^ presently, is to wear down the 
rocks into fine dust or sand. The wind is capable 
of transporting this fine material for long dis- 
tances, and not infrequently heaps it up into 
great masses. Most of the sand dunes [ 48 ] which 
line the seashore in so many parts of the world 
are simply wind-drifts, whi(‘h have bwn pinned 
down and preserved in a more or less durable 
form by th(^ growth of wiry grasses and other 
kinds of vegetation. 
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That these sandhills are entirely due to wind- 
drift is clear from the ripple marks which are* 
observable on blown sand, and from the general 
shape of the sandhills themselves. In the 
interior of the Asiatic and African continents 
are found vast tracts of sandy desert, in which 
tile wind has undoubtedly been the main agent 
in spreading the detritus of the original rocks 
over vast areas. In the desert of Gobi many 
ancient cities have been liuried deep beneath the 
steady and inexorable march of the wind-driven 
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sand. The groat d(\sert of the Sahara is believed 
to owe its present extent and luiture largely, if 
not entirely, to the action of the wind. 

Blood-rain. The transporting action of 
wind sometimes covers an ahnosi incredible arc'a. 
The well-known phenomenon of blood-rain is a 
ease in point. The sand of the African desert 
is raised into the upper regions of tlui air by 
local winds, and tlun-e meets with the strong 
and persistent aerial currents which carry it 
away for scores or hundreds of miles. It is 
oft-en known to reach the countries on tJie 
northern side of the ^Icditerraiiean, where its 
presence is indicated by the fall of rain-showers 
tinged to a deep red colour by this desert sand, 
and popularly called blood-rain. The sand of 
the Sahara is said to have been diJtectcd as far 
away as Boulogne ; and in 1901 it was estimated 
that a vast quantity of sand was transported by 
wind from Algeria as far as Bussia. 

LiOess. A remarkable deposit, known as 
loesSf which is found in many pai ts of Northcra 
China, covering considerable tracts of ground to 
a thickness of one or two thousand feet, is 
believed to be entirely a Avind formation. It is 
a yellowish clay, or loam, and consists chiefly 
of hydrated silicate of alumina. It contains 

irmi 


numerous organic remains, which are mainly of 
to rrestrial origin. This loess form? an extremely 
fertile soil, and plays an important part in the 
agriculture of Chiiia. It is found fllling river 
valleys, and high up among the hills, in such a 
position that it is practically impossible to 
suppose that its site was once inundated by 
Avater, and that it was deposited in the form of 
what Ave call alluvial soil, AA'hioh it resembles in 
other characters. It is almost certain that the 
loess is the consolidated dust once ^drifted by 
the wind from the great plains of Central Asia, 
which has gradually hardened and accumulated 
into ih(‘8e vast diqiosits. 

Transport of Life by Wind. Tlie 
wind is also capable of transporting the minuter 
forms of life from place to place. Tlieae tiny 
organisms, which are no larger than ordinary 
grains of sand, are carried on th<5 Avings of the 
Avind for vast distances, and find new homes for 
themselves AA’hen at last they d(‘scend to the 
e;irth. In tins way similar forms of life arc 
found occupying districts v(‘ry Avidely separated. 
There art^ also well-authenticated instanijcs of 
the transport by wind of huger organisms than 
mere seeds or spores. Sometimes a AA-hirlAAund 
or tornado has been known to carry fish in its 
embrace for many miles, though the shoAvers of 
frogs, of Avliieli one Iknu’s ('very s})ring in the 
eoimtiy, are generally to i)C received Avith 
scepticism. 

Weathering of RocKs. The atmo- 
sj)here not. only transports soil from one ])laco 
to another, .‘ind tlins modifies the nature and 
contour of the earth's surface* : it also lias a 
eonsid Table elTcct in breaking down the hard 
rocks into dust suilablo for such transport. 
TIk'sc d ‘Struct ive elf ‘ols are partly chemical 
and })arUy mechanical. In the first place, 
rocks are subject every wliere to tlie o})eration 
knoAvn as weather intj, Tfiis is a process of dis- 
integration due to th(^ common meteorological 
ageneie.s. Water in various states is the chief 
in enieiency amongst th(‘se, and, accordingly, 
the chief phenomena of.Aveathoring will come up 
for discussion in a later paragraph. But the 
air itself is accountable for a good deal of rock 
tlestruetion. In the (ivst place, the changes of 
tcmperalnrc Avhieh an^ constantly occurring have 
a very important elTcet upon the rocks which 
are subjected to them, more especially in 
tro}»ieal countries, where the daily range of 
temperature between noon and midnight may 
be as much as 100\ It is a matter of 
common knowledge that most solid bodies 
expand AAdien heated and contract A\dien cooled. 
Thus, railway engineers never lay two rails 
absolutely touching one another at their ends, 
but leave room for expansion under the mid- 
day sun of sunimiT, othenvise they would bulge 
out of truth. In the ease of natural rocks, 
where no alloAvance of this kind has been 
made by the constructor, the rapid expansion 
and contraction which alternate with .changes in 
atmospheric heat frequently cause them to 
split and throAV off fragments, Tiieseiragments 
disinte^ate in the same way, and, ultimately, 
largo masses of rock are thus broken down into 
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njore or Im fino dust, which is blown away by 
the wind. The effect, of this atmospheric dis- 
integration is chiefly seen in the arid plains of 
the great tropical continents, where there is 
practically no water present to resist or com- 
plicate the process. 

. Eroding Action of Sand-laden 
Wind. There is another way in which wind 
acts powerfully to break down rocks. Where 
there is already present sand or fine detritus, 
which the wind can take up and carry along, 
we have to reckon with the abrading eJfects of 
this dust upon the rocks against whirh it is 
driven. The wind thus charged heconics, in 
fact, a kind of sand-blast, such as is used by 
glassworkors to etch names and ligurcs on their 
wares. A powerful wind, driving gusts of sand 
before it, is capable of doing a wond(U’ful amount 
of work in this w'ay. It has been estimated that 
a sheet of plate-glass whic^li once formed a 
window in an American lighthouse was so 
affected by a wind laden with sand in tlie course 
of 48 liours that it uas ground eomph'tely 
opaque, and had to be rcmove<l. In the deserts 
of Libya or Wyoming rocks and monuments are 
found to have a charfictcristic polish or glaze, 
which is due to the constant sand-blast to which 
they have been oxpos(^d in every high wind. The 
deeply pitted marks on the face of the Egyptian 
Sphinx [ 49] arc similarly due to the alirading 
effects of the sand-laden wind of the desert. 

Atmospheric Erosion. Thus wo sec 
that the air alone is capable of doing much to 
change the face of the earth. It breaks down 
rocks into small particles of sand by rapid 
changes in tomporaturo, aided at times by 
lightning. It transports the dust thus formed 
for great distances, and sometimes heaps it up 
into hills or vast drifts. And in the acd. of 
transporting the sand, it wears down and cuts 
away the rocks over which it passes. 

The Work of Water. By far the 
most important of the natural agencies which 
modify .the surface of the earth is that of w-ater 
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in its various forms. The surface of the land 
has been very largely moulded by the great 
circulatory system of water, %Vhi^ plays so 
large a part in our lives. The atmospheric 
waiter, in the form of rain, hail, and sntm ; the 
terrestrial waU>r, in the form of rivers, waierjalls, 
springs, and lakes ; and t he marine water, which 
forms the oceayis ; lK>sides the frozen water, 
which tills the Alpine valleys and covers the 
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Arctic plains with vast glaciers--- all play a great 
part in the moulding of the surface of the lattd. 
Each of these divisions will nsquire separate 
treatment. 

Atmospheric Water. We shall first 
consider atmospheric water. There are throe 
states in which water is known to exist upon the 
('arth. It may be solid, like ice, snow or hail ; 
Ibjfiid, like the ordinary form in whirli we know 
it : or, again, gaseous, as water vaj)our, or steam, 
ft depends merely on Umperaturo and pressure 
which of these three forms it takes. Tliere is a 
vast circulatory sysUm always at wa)rk, under 
the influence of the sun. by whicJi water passes 
from the great re.scrvoirs of ih(* oceans into the 
form of water-vapour suspended in the atmo- 
sphere, falls then upon the surface of the land 
as rain or .snow% and then, in the foi’m of rivers 
or glaciens, makes its way back to the sea, thus 
completing the cycle. [See page 554.] It is in 
the oouive of tlu'sc* proct'sscs that the geological 
w'ork of allering the surfueo of the land is very 
largely done. This work is partly chemical, 
done by the solvent action of water on the 
various substances through or over which it 
passes, and partly mechanical, done by the 
movements of the water and tlio solid matter 
which it may carry in solution. 

Rain. Wc shall begin by considering rain. 
This is absolutely pure w^ater, having been 
distilled by the sun, when it first passes back 
into liquid form in the upper regions of the air. 
But as it falls through the air it absorbs a 
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certaiin amount of impurities. Among the most decomposed by . rainwater containing carbonic 
im^rtant for our purpose is carbonic acid gas acid gas. They break down into clay of one 
(CO.»). Rain also dissolves a small amount of kind or another, and in 'this way granites which 

oxygen in its passage through the atmosphere, have long been exposed to the action of rain 

ana it frequently picks up other impurities, are found to have disintegrated or crumbled 

especially in the neighbourhood of manufactur- away for a considerable depth from the surface, 

ing districts, such as nitric acid, sulphuric acid. There are countless varieties of weathering or 

and organic matter. When the rain falls upon meteoric change in rocks, depending on theb 

the ground one of two things happens; either chemical composition and the nature of the 

it is absorbed, if the surface be permeable, or it impurities in the water which has run over them, 

trioklos along -the surface in the direction of tho Rock Sculpture. The weathering of rocks 
- most rapid slope. In the former case it becomes not only alters their composition and hardness, 

what is known as imderground water ; in tho but also has very marked effects upon the general 

second case it feeds tho incipient rivers. It is appearance of their masses. No rock is ab- 

the rain which is absorbed into the rocks which solutely homogeneous ; some parts of it arc 

is chiefly responsible for their chemical change, harder than others, some are more readily 

while tho rain which flows off into rivers per- dissolved or broken down than others. Con- 
forms the greater part of the mechanical, or scquentlj/, after ilie process of weathering ^as 

erosive action of water. gone on for a considerable time, tho rock is 

Weatherinig. Tho chemical action of found to liave been carved into quito a different 

rain is mainly responsible for the weathering of shape from that it originally possessed. The 

rocks. Tills usually signifies a disintegration softer parts Imve been eaten away, and the 

of the surface due to a chemical decomposition. harder oik^s are loft standing up in pinnacles 

Some of tho hardest rocks are most liable to or projecting as l>oiilders. Home rocks, like* 

weathering. Tfiu.s, granite frequently decom- basalt, weather in a series of (niists like those of 

poses into clay, while the softer limestone keeps an onion, until after a long while tho whole mass 

a hard surface. Water, by itself, is powerless to looks like an accumulation of cannon balls, 

affect a large number of rocks, though a few — Granitic often wcnithcrs into largo slabs, which 

such as rock-salt — are distinctly soluble in it. pi-oducos tho effect of a wall of mfisonry. In 

But water containing oxygon and carbonic acid tho Covcnnes and the Hartz Mountains, tl)e 

gas, as is the case with rain which has fallen a weathering of dolomite and limestone produces 

long way through tho atmosphere, acts upon masses of stone wliieli look like rained castles, 

a very largo number of rocks. Limestones, for The tors of Dartmoor are a familiar example of 

instance, are rapidly dissolved by water which the forms produced by the weathering of granite, 

contains carbonic acid gas, and are thus gradu- CharacUa‘istic ('xamph‘s of the* result of rock 

ally worn away, or pitted and ch’illed, by tho weathering Jiro shown in 50 ami 51. 

action of rain. This is why the mortar of Formation of Soil. To us the groat 
houses requires periodical renewing on the .sur- importance of the weathering of rocks consists in 

face, or pointing, and why tho inscription on a the fact that it is from tlicii* decomposed 

marble moiiumont generally has become illegible materials that soil, or earth, is mostly formed, 

after 40 or 50 years. The wonderful caverns Tlie soil originally is simj>ly the weathered, 

in the limestone districts of Derbyshire and decom] )oscd, and loosened suifaxics of the rock 

Kentucky have all been carved out by tho over which it lies. Tlicro is usually an inter- 

solvent action of water containing carbonic mediate stage known as |52J. which con - 

acid gas. sists of larger broken or loosened fragments of 

Oxidation and Reduction. Rain- the rock, and which passes upwards into tlu* 

water generally contains a small quantity of soil which supports vegetation, and downward 

oxygen dissolved in it, and this oxygen Is able into the solid rock. Its nature varies according 

to unite with other elements and form oxides to the rock from which it has been derived, 

in a much more vigorous fashion than the 
free oxygen in the air. [Sec Chemistry.] 

This priiccss of oxidation is what is popu- 
larly known as rusting, and tho red or 
yellow crust which is so commonly seen on 
rocks over which rain has trickled is its 
product. On the other hand, rain which 
contains organic matter acts as a reducing 
agent; it decomposes oxides and takes away 
part of their oxygen, owing to the aflinity of 53 ^ DiAtmAM showing form of surface earth 
that gas for carbon. This is tho cause of 

tho white spots or veins so common in reel For a full consideration of the nature of various 

sandstone, where the colouring matter of soils the reader must consult the course on 

ferric oxide has been reduced by the presence Aoriculiuhe. It is enough to say here that 

of some organic matter which is greedy for all soils practically consist of sand or day, or a 

oxygen. mixture of these two main substances in various 

The great class of silicates, which form so proportions. A fairly equal mixture of sand 

large a part, as wo have seen, of the rocks which and clay is known as loam, and affords the best 

compose the crust of the earth, are readily soil for agricultural purposes. It is, of course, the 
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addition of organic substances to this soil which 
chiefly helps to make it fertile. But the actual 
existence of soil over the whole habitable surface 
of the earth is due to the weathering, or decom- 
position, of the primitive rocks by the agencies 
of air. water, and other meteorological forces. 

Erosion by Rain. In addition to the 
chemical action of rain, it also has a mechanical, 
or erosive^ action upon the earth, W'o can 
readily see of what nature this action is if we 
go back to the habits of childhood and mike 
a mud pie. Let us go into the garden and heap 
up a roughly conical mound a couple of feet or 
so in height ; then take a watering-can or hose 
and sprinkle it with water, tender the niinia- 
lui*e rain shower, which runs down all sides of 
our mound in little streams, w'e shall sec that 
the looser and^more soluble portions of earth 
arc hashed away and the sid *s of the mound are 
furrowud in all directions by miniature river 
valleys and^ stream lines, beUveen which the 
stones and harder portions of the earth remain 
standing up. If the rain goes on long enough, 
one after another of these stones >vill be under- 
mihed.Rnd roll down the slope, until ultimately, 
if we ,jgo on watering long enough, the 'whole 
conical hill will be washed down into a low 
mounds of which the greater part is spread over 
tiie surrounding earth. 


Fantastic Effects of Rain. This 
simple experiment is a very good object lesson 
in thf^ michnniv.nl work of rain. Wherever it 
falls faster than it can sink into the ground, 
it runs down the nc.arcst slope and carries with 
it a certain svmount of soil, s(.‘le.eting, of courst^, 
the softest and least resisting parts, and leaving 
the hardiT projecting from the ground. Thus, 
the hillside, though the lendenoy of rain is 
steadily to lower it down to tiie general level of 
the. earth, is usually scoured into more or less 
irregular forms. If tin* rainfall is con.siderabie, 
and the inecjualit h‘s in tlic texture of the ground 
arc great, wc sliall find wcll-marUcd torrent 
beds wbicb arc like stony, sunken paths in dry 
weather, and become gusliiiig streams in the 
wet season. Tnis is a very common foatur<\on 
our British hills. Sometimes, as in the valley 
of the Tyrol, the stony clay is cut by the rain 
into actual pillars, whicli arc left standing up 
because each of them happens to bo protected 
by a huge boulder, w'hieh diverts the vain from 
the ground immeuiately beloAV it. In other 
parts, w'herc the soil is all pretty much of the 
same texture, the w'hole of a vast stratum may 
be w^asbed away, leaving only a few relies to tell 
the geologist that it once existed. It is these 
incqualitie.s in the erosive action of rain, depend- 
ing upon the heterogeneity of the soil on which 
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it falls, that have carved our • hillsides and 
mountain slopes into so many fantastic, wild and 
beautiful forms [53], besides giving us the greater 
portion of the soil which smiles with harvest. 

Hail, Snow, and Frost. The other forms 
of atmospheric water — hail and snow, dew and 
hoarfrost -—call for little notice from the geologist. 
The effects of melting snow are practically the 
same as those of rain, except that when a large 
deposit of snow melts rapidly it, of course, gives 
birth to more considerable torrents than an 
ordinary rainfall can produce. Tiic work of 
snow«fed glaciers, which is one of the most 
important factors in geological history, will bo 
separately considered in a later chapter. 

Underground Water. Wo have seen 
that rain falling on the ground cither sinks into 
the surface or runs off. Wliicli of these events 
hap|>ens depends on the relative permeability 
of the surface of the ground and the heaviness 
of the rainfall. If the rain fall on a surface 
like granite or a street pavement, it all runs off 
and joins a river or a gutter. Tf it fall on a 
surface as permeable as loose sand or ordinary 

grass- 
land, it 
nearl}' all 
soaks in ; 
and, of 
course, 
every in- 
t c r nie- 
d i a t o 
stage is 
found to 



64 . DtAGKAM SHOWING WATER SPRINGS 


exist in 
N a t lire. 


with a wet or dry season. A weU is simply a 
hole dug into the earth below this fine,, so that 
the water trickles down into it and keeps it full 
up to the water level. An artesian well [ 66 ] is a 
well sunk through an impervious surface bed, 
such as clay, down to a porous stratum which 
lies bcuieath it. It often happens that this 
porous stratum slo[>e 8 down from the surface of 
the earth at a considerable distance away, and 
its cMclrnient area may be higher than the point at 
which the well is sunk. If this be the case, when 
the well reaches the porous stratum the water 
will gush up to the surface, and even rise in a 
fountain under this hydrostatic pressure, just 
as a garden hose will throw a jet considerably 
above the level of its tap. 

Hot Springs from the Earth’s Kitchen 
Boiler. Many springs emit hot water, which 
in volcanic districts may even ho boiling. 
They are found in our own country, Avhieli 
is far from any volcanic centre, as at Bath, 
with a temperature as high as 120^ F. These have 
clearly risen from a great depth, where tli<‘ 
water has been lieated by its proximity to tb<* 
earth’s kitchen boiler. Tiiey are natural artesian 
wells [55], in whicli the How of the water is due to 
th(‘ fact that its channel communicates with som<* 
catchment area at a higluT level than where the 
spring comes to the surface -—that of Bath is 
pof.sil)ly on the Cots wold Hills. The eoinmon 
distinction between deep-seated and surface 
springs is merely one of degree, d.^pending on 
whether the water emerges by a simple descent, 
through the sul)terranean strata— r.f/., from the 
top of a hill to the valley- -or is forced up by 
hydrostatic pressure through a natural syphon. 
Nor is the distinction between constatU and 


Wo shall first consider the rain wliicfii soaks 
into the earth and forms underff round water, 
Springs. The law of gravity causvcs rain to 
go on dosconding by its own weight as far as it 
can. Sooner or lat(*r, as a rule, it will reach tlic 
limit of permeable strata and bring up against 
the underlying stratum of impermeable rock. 
If this bed lie on a slope, as is usually the casi% 
the water runs down this slope, forming, so to 
speak, an underground river, though it must not 
be 8 uppos(^d that it is usually so well dt^fined 
as a surface river ; it is rather a great mass of 
saturated sand or grav(H, like a sponge full of 
wati^r. If this underground res(?rvoir, as we 


intermittent s])rings of any great importance, 
except to tho.se wlio get their water from them. 

Mineral Springs. All spring water, 
however clear and pure it may appear, contains 
various impurities in solution. These consist of 
di.ssolved gases and ..iiincn’als, derived from the 
rooks through wliioli it has fiassed. When the 
water has descended low enough to bo con- 
siderably. heated, its solvent poAvers are, of 
course, increased. Mineral spriwjs are s .> called 
Avlu'ii they contain a marked nmoinit of minerals 
in solution. Thus wo hav(‘ petrifj/in’J sprinjs, the 
wat,*rs of whi(Hi contahi so muiHi calcium car- 
bonate as to deposit it in a white crust on the 


may call it, find an opening to the 
surface of the earth at a lower level 
than that of its oavii surface, the water 
will there emerge as a spriwj [541, which 
will flow steadily so long as the level 
of the water in tlie underground 
reservoir does not fall below the ])oint 
at whicfli tlio spring emerges, Tf, in a 
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season of drought, no rain fall to keep 55 , diagram showing the causes of artesian wells 


the underground reservoir full, and the 
water ultimately fall below the level of the 
spring, the water will cease to flow, until a new 
rainfall again fills up the reservoir. In all 
countries where there is a regular rainfall the 
permeable rocks are found to be saturated with 
water lx‘low a lino knoTvn as the water level, 
which is fairly constant, but rises or falls slightly 


substances over which they flow. They an* 
common in limestone districts, where they 
dissolve the limestone underground with the 
aid of carbonic acid gas, and deposit it when they 
reach the surface, and the carbonic acid ga^ 
evaporates. Chalybeate springs contain iron 
compounds, chiefly in the form of various 
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56. LANDSLH* NKAR LYME UELIS 


sulpliatos. Brine sprinj-^ arc iiuprcgrui ted M'ith 
salt, derived from beds of rock salt in the earth 
l)eneath. There are various kinds of tncdirinal 
spnmfii, M'liicli may be alkaline, as at Vichy; 
bitter, as at Kissingim; salt, as at Wiesbaden; 
limy, as at Hath; or Hu'pnurou.s, like tho 
M ('ri-kno>vn “ rotten-egg *’ water of Harrogate. 
Tb«‘se are often m arm, or thertnaL spring.s. 

Underground Caverns. Tin* chemical 
action of undergrrnind water consists mainly 
in dissolving the various substanee.s Avhich aiy. 
then brought up to the surface by s})rings. It is 
obvious that if this considerable amount of 
material is lu’ought up from beneath the earth's 
surface --Rome limestone springs have built up 
aetual hills— there must be a vacant space left 
uhere it. was removed. Thus m'c find that eon- 
sidofable subterranean cavermt and tunnels arc 
formed by tlu^ solvent action of underground 
water. This is particularly noticeable in lime- 
stone d'stricts. where vast systems of eaves have 
been hollowed out during the laps j of ages. The 
caviisrtts of the Peak in Derbyshire and the 
ll^flmmoth Cave in Kentucky are famous in- 
aiikceB. Not infrequently the roofs of these 
un^rground caverns collapse when they come 
too near the surface, and lanrhlifts, or subsidences 
of ground, must take place without warning. 

of (yheshire chiefly occupy places 
the land has subsided in conscqueiieo 
oi the washing out of the underlying beds of 
rookjsalt. 8ome earthquakes are probably due 
to thb shopk catised by the falling in of the roofs 
of'tlii^di^p caverns. 


Landslips. Undt iground water has not 
only a chemical, but also a mechanical action. 1 1 
acts as an (rosive, no less than ns a solveM. This 
is csjM'cially tlu5 (‘asc when^ >vater runs through 
a porou.s stratum sloping \inder a mountain or 
hill. The material of this stratum is gradually 
washed away, until it becomes unable to support 
the overlying strata. The ultimate ronseipienei' 
in ix landslip. A great part of the English roast 
is marked by the nmiains of siufh landslip.s, 
which form a piclurc.sque feature, known as . 
tlic nnden'Ufj |561. A large ])art of th(^ town of 
Sandgate was destroyed by sucli a landslip in 
181)3. Landslips in mountainous and rainy 
countries an* often far more destructive than 
a.ny that we experien(*e. The traveller by the 
St. (lothard Railw ay still notices the huge sear on 
the side of the Rossberg w'hich mai-ks the place 
w here the w'hole side of that mountain slijiped 
into tlic valley after the rainy season of 1800, 
burying four village's wnth their inhabitants. 
'Phe percolating water in such (uises not only 
weaken.-^ the strata through which it flows, but 
also acts as a lubricant, and thus a great mass 
of t-ock begins to slide when its w^eight finally 
overeonie's the power of eohesion. Destruc- 
tive landslips an* not uncommon in India, 
and about 150 have been recorded in Switzer- 
land. In Ireland we occasionally hear of 
a similar phenomenon, known as a boij-slide, 
when the w'hole surface of a bog, or peat- 
moss, becomes so saturated with water that 
it breaks from its moorings and flows bodily 
downhill. 


Continued 
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By M. KENNEDY-FRASER 


'VWK have' dealt chiotly with the cnwlitimi of 

^ fingers and hand, and little with the 
secondary consideration of position ; but an 
interesting question of posit ion arises out of this 
rotary condition. When the little finger bears 
up against the forearm rotation its knuckle is 
brought well up to the level of the hand, or may 
even be higher than that of the index finger. 
The position of the back of the hand is conse- 
(piently level, and even forms a slight slopi* from 
the fifth'tinger knuckle downwarcls towards the 
thumb. The o])positc state of affairs is a 
co7nmon fault Avith beginners ; they are apt to 
let the back of the hand slope very much down 
towards the outside. But let us bcAvare of 
trusting too much to appearances ; right 
positions are to be secured, and it is not enough 
that the hand should look like thaf of a suc- 
cessful play(T. W(‘ may have the apf)earaiice 
of (‘Ifective “ rotary adjustment ” without the 
reality. 

'The use of tlic rotary adjustment does not 
apply merely to tho fifth -finger side of fhe 
hana ; it is employed constantly to e<]ualise 
(or non-equalise, when necessary) any fingers to 
make notes — melodies, for instance — stand out 
at either end of the hand. As this rotary ad- 
justment may help, so it may hinder, when 
applied in the wrong direction. Be careful not 
to allow any rotary action of the forearm to 
keep energy aimy from the side of the hand 
Avhere it is recpiired. 

Finger Lifting. We have seen that the 
finger must make careful contact with the key, 
or rest on it, before moving it, hut it need not 
be cramped by being glued to the key, as it 
were, all fhe time. It may be swung up a 
little, provided alwayvS that when it renews 
contact with the key it judges its resistance 
before and during key depression. This judging 
can be done so quickly that it seems like a con- 
tinuous movement. 

The key moves such a small distance (only 
{ in.) that the fingers are apt to get cramped by 
such slight movement ; hence, it is customary 
to advise — most teachers, indeed, specially 
insist upon — an upward movement of the 
fingers, when there is time for it, before 
taking hold of the key to move it. Such move- 
ment is not essential to tone production, but is 
healthy for tho muscles. It makes for freedom 
of action, and enables us better to “ think the 
lingers,’' provided that there is no stiffness in 
the upward movement or following down 
movement, and provided that we do not allow 
our attention to be distracted from the following 
finger descent. All such movements toioards the 
keys, indeed, whether of finger, hand, or arm, 
should be rather passive than active. 
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Bent and Flat Finger Attitudes. 

For brilliant, clean-cut lone, if we play 
tho keys from a little distance, the 
fingers should be bent, as showm in this 
diagram. For .sympathetic, clinging 
the lingers in moving towards the 
key should be left rather straighter, 
as in the lower of tho-^e two diagrams. ^ 

These two contrasted “ finger attitudes ” are 
not only both legitimate, but are essential to 
truly artistic, varied, contrasted technique, and 
we must, practise both forms. In using the 
“ bent finger,” the nail- 
joint moves up and dowui 
in a straight line vorti- 
eally with the keys, thus: 
and brings the very tip 
of the finger (close to the 
nail) in contact w ith th(‘ key. In “ fiat finger ” 
the nail-joint moves obliquely to the key, and 
brings the soft cushion (opposite to the nail) 
into key-(Oiita(^t. The chief difference to the 
eyf is that, when the linger is well raised as a 
preliminary, it starts very much curved in the 
“ bent,” and fully opened out in the “ flat,” 
attitude. The “ bent ” requires the knuckle 
sufficient ly high to take the thrust, the 
“ flat ” admits a very low' or very high wrist. 

Arm«weight Tendencies. The bent- 
fingcr attitude may be calletl the “ thrusting ” 
attitude, the flat-finger attitude the “ clinging ” 
one. With the bent finger the weight of the 
arm tends slightly forward ; this should be only 
an inward muscular tendency, there is no 
outAvard Au’sible movement, and in brilliant 
finger AA'ork we should never forget this '‘for- 
ward tending” arm — it makes one’s playing feci 
as easy as running dowmhill. With the flat 
finger, on the contrary, “ the arm tends to fall 
backward,” but we must bo careful not to 
pall the clbow^ backward instead. 

Bent and Flat Finger Touches. The 
“ forward ” bent-finger playing favours sudden 
key-movoment, which induces brilliant, short 
tone ; the clinging ” flat- finger attitude, with 
its backward tending arm, favours gradual key- 
movement, which induces sympathetic singing 
tone. 


“ The anticipated fall of the upper arm causes 
one to use the finger in the clinging or ‘ grabbing ’ 
way, while the consciousness of the forward 
sustained elbow causes one to use the fingers 
in a kind of stamping or thrusting action.” 
[Matthay] For brilliant work, then, see to 
it that we sustain the weight of the elbow 
forward, and that for beautiful singing tone 
we allow it rather to tend to lapse backward. 

It is this flat-finger clinging attitude -that we 
must use in playing a great deab of' Chopin’s 
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music. Cliopin himself often used this form of 
technique, and consequently pianistvS who may 
have been drilled entirely in the bentdinger 
school do not succeed in playing the master 
unless they either forgot the tyranny of their 
method or ignore it. 

Faulty Technique. Wo must consider 
all these things even at this early stage, although 
wc may not be able to realise them till much 
later in our study. If we are not getting 
along easily with quick, brilliant passages, for 
example, it is either because we are key-bed 
squet'zing, or because wc are opposing tlie acting 
muscles by the sympathetic activity of th(‘ 
opposite set of muscles, which ought to remain 
passive, thus setting up ol)stacles to successful 
and easy playing ivithin our oum hand and arm ; 
or. again, because wo are trying to play a 
brilliant passage with a backward banging 
arm, instead of kee})ing all the weight well 
forward, which would cause the tingers to fe(‘l 
as though they wore running downhill. 

On the other hand, when trying to play a 
long-drawn-out itx'Iody wc shall fail unl(‘ss wv 
let the whole arm rola.\ before and while wo 
move the key, and let the clinging ” attitueJt* 
(with tiattor finger) fi‘cl as though, “in climbing 
a stair, the band, gently resting on 1 he banister, 
bclpt'd to pull us upstairs.” 

“ Finger-condition Test.” Wo have 
bad a toneless exercise at the k(*yl>oard for daily 
testing the rela.xcd condition of the “up ” musolos 
of the hand ; here is one for testing the same 
with regard to the lingers. R'vst on the key.s 
as before, without depressing them, and, with a 
forward movement of forearm, push the haiul 
gently towards the l)laek keys (the wrist here 
moves on one plane, and does not, as in the 
former example, rise and fall), rolling the 
lingers up and, as it were, passing them by. 
This forms the sctoml part of the first of 
Matthay's three chief muscular tests. 

If the “up " muscles of the fingers are relaxed, 
the tijw will remain in tJieir places, while all the 
joints will give way, and allow tlie lingers to be 
rolled up into an exaggerated bend on the keys, 
as though they were about to take the shape of 
a closed fist, live gentle resting weight must 
be felt continuously on the keys. If the “ up ” 
muscles were not relaxed, the lingers would 
“ lock ” the knuckles of their little jednts, as the 
hand can look its big knuckle, which ^ye call the 
wrist. In su(!h a locked condition the finger- 
tips w'oitld slide to and fro on the slippery ivories, 
and be in a totally untit condition for successful 
playing. We must be constantly testing them 
for this, The student should wTite out these 
“ daily tests ” and playing maxims on a card, 
and keep them before him d\iring practice. 

In both of these silent keyboard tests, the 
finger-tips retain their places on the keys. In 
the first, the wrist rises and falls ; in the second, 
it moves to and fro towards the ebonies and 
book again in the one plane. 

There are tw-'O other ” tests ” w'hich have to be 
considered — the test against down -arm force 
and the tone-aiming test ; one to ensure the arm 
bein^ used onii^as a weight reser voir, so to speak. 


and the other for the practice of predae aiming 
— aiming of the tone-making spurt, the added 
impetus that is used between tw^o “ rest mgs.” 

Arm Force Elimination Test. For 
the first, at the end of a short run or arpegg o 
w'c are to lel^ tlie arm rebound from the keys. 
If the last note be played forte e marcAito^ the 
arm will seem to be “ kicked off if, on the 
other hand, tlie final note be soft, the arm will 
appear to be “ lloated off.” In cither case the 
movement must bo of the nature of a rebound, 
absolutely unwilled and staccatissimo ; it must 
not, in its initial stage, be a willed action, “it 
must seem as if tin* key, in its rebound, impelled 
the arm upwards.” 

The next test is an “ aiming ” excroise. W(5 
have seen that lingiT and hand down muscles are 
used to bear up against relaxed and loosely left 
w(‘ight of the arm in the third species of touch ; 
and jis this wi'iglit is to he used only during the 
short spurts of hainnuT-driving, and not during 
the longer or shorter tmms of damper-controlling, 
we must l(‘arn so to aim this arm-weight lapse 
that it shall take place neither too soon nor t<x> 
late, nor remain in operation too long. 

Aiming Test. The “ aiming test,” then, 
may take this form. R(‘st on the keys, say, on 
an easy chord ; see-saw them gently down and 
up sevm’al times (lont‘U‘ssly) ; after that, let 
them move down to tone, and let them rebound, 
the tingiu’s never losing their hold of the keys, tind 
the wrist, which is relaxed at the moment of 
making the ton(\ then being drop^ied below key- 
board level. 

If the student wMsbos for a detailed descrip- 
tion of all these “ muscular testU,” which are 
taken from Matthay's “ Act of Touch,” refer- 
ence must l>e made to the book itself, or to the 
condensed edition, “ First Prineiplea of Piano- 
forte Playing/ or, better still, to his “'Relaxation 
Studies.” 

We now (Kune to the question of “ gi'ttiiig 
about ” over the keyboard — a difficult one, as 
we have but ten fingi'rs for 88 keys. We have 
tried only the tivo-tinger position, five finger.4 
on Jive contiguous ivories. Now let us tr}' 
to sound widely spaced notes, thus : 



Lateral Wrist Movement. To reach 
them, wc must not try to depend upon a stretch- 
ing of the fingers and hand ; we must use also 
a side to side movement of the wrist to bring each 
finger in succession over its keys. This lateral 
movement must be as free and unopposed as the 
vertical wTist movement. 

Re.sting gently with forefinger on A'^, glide tho 
wrist end of hand and forearm gently to tho 
left. Place the thumb on C, then, after sound- 
ing the note, move back again towards the 
right, continuing the movement till wc can 
easily place the little finger on E!^. 

All arpeggio chords must be played thus, and 
to attempt to do so by merely stretching the 
fingers is apt, in such cases, to defeat its own 
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object. The hand and arm, with supple lateral 
wrist movement, must place the fingers on their 
respective keys. 

Preparing a Note. We must remember 
here, and always, Czerny's advice in his “ Letters 
to a Young Lady,” written 100 years ago : 
“ Never attempt to play a note till the finger is 
over its key.” This is called “ preparing” a note. 
But the vital point in ‘‘ preparation ’’ not 
the position of finger and hand over the key, but 
rather the rondition. If the principle of resting 
is properly carried out, this preparation of the 
next- note will take place almost automatically. 
“ Each of the keys forming a pas.sage.” say.s 
jMatthay, “ must he conceived not as a separate 
unit, but each key's position must be conceived 
and found at a parfindar diMance from each 
prfcedivfj hep or heps." Tlio finger being over 
and even on each key, energy must be applied 
to it verticaUp. 

Wrist Movements. We have now been 
introduced to the three kinds of wrist movement 
and condition — viz.* (1) vertical (up and dow'ii) 
freedom and movement of the joint Ix^lwu'en 
hand and forearm : (2) rotary freedom of the 
same, enabling us to turn hand palm upwards, 
or vice versa, and to adjiist the rotary weight; 
and, lastly, this (.*1) lateral freedom - unopposed 
movement from side to side. Tlierc are 7io stiff 
W'rists in normal arms — the stilTness is entirely 
of our own making. If the wrists prove stiff in 
any direction, we are using two opposite sets of 
muscles at once, instead of r<‘laxing one .set 
while the other is at work, ” If we ahvay.s 
insist on feeling readp and vertical, over each 
note before attempting its production, wo shall 
fulfil the three conditions of freedom of the wTist 
— laterally, rotarily, and vertically. While try- 
ing for it, w'e must not be too anxious — mental 
anxiety often induces muscular rigidity — but w^e 
must be cattentive. We must watch our sensa- 
tions, and try to remember and (easily recall them 
w^hen wanted. 

The lateral movement can take another 


along the keys leftward, preparing thus the two 
remaining notes, D and C. In scale passages 
the hand always lies thus slightly obliquely to 
the keys. “ The scale, owing to the required 
passage of the thumb sideway.s, demands a 
sliglitly outwardly turned wTist, or inwardly 
pointing hand and finger.-?, as the normal posi- 
tion.” [Matthay] 

Study the scale at first in the manner given 
here, each hand separately 
Hva 

R.H. 5 


Seale of C. 


Scale of (1. 


S< alc of D. 


♦ Scale of A. ^ ^ • TP 


Scale of E. 




Scale of B. 


,1 


Scale of Ff. 






Scale of CJ. 

N.B. — Each sharp as it is introduced is to he 
in force till the end of tlic exercise. 


f(wm. Instead of pivoting the finger-tip end 
of hand, and moving the wTist end from side 
to .side, wc must also be able to let the wi’ist 
end remain motionless while moving the finger- 
tip end from side to side, with th<* thumb as a 




The study of these two forms of lateral move- 
ment brings us naturally to arpeggio and scale 
playing. 1^ 

Scale Playing, Let us take our five- 
finger position thus : 
but let the hand lie 1^— ^ 
obliquely over the 

keys, turned slightly 1^; 

in the direction of * — 

the arrow, and when we arrive at the thumb 
pass the hand laterally over it, till the 
middle finger lies on E. Then,, releasing the 
thumb from its under-hand pivoting, pass it 

Continued 


Scale of A'>. 


■^le of D>. 


Seale of 


, ^ N.B.— Scales of 

C and F alike ; 
I scales of Eb, 
Scale of Gt^. A^,and DI? alike. 

G like all five - black - note scales; 

iL :j i -J ;V 

Hill 

d 2 2 . f 
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and with a strong knife trim at the joints 
so that the seams may l)e seen distinctly. Now 
leave it for about an hour, during which time 
the arms may be finished. While chipping 
away the mould, they should rest on some 
soft material, so that there is plenty of 
“ give,” or the cast may be easily broken. 

The Lather. In removing the piece-mould 
from the figure a little water is needed. Insert 
the blade of a knife into the seam at the head : 
use the knife as a lever, very gently working it 
forwards and backwards until there is a little 
movement betwecui tht‘ pieces of the mould. 
Then pour into the strain a small quantity of 
water to relax the hold of the clay on the 
plaster. The carefully-nunoved pieces of mould 
should be washed and soaped with a very good 
lather. Oil is not the best thing to use, as it 
often discolours the cast. But it is good to use 
plenty of soft soap, and lather well with a large 
i)rush until the surface is hard and shiny. In 
putting the mould on the clay figure, the 
notches should be made on the edge of the first 
half, as in the case of the moulds for the arms. 

Put the mould tng(‘ther, and biml tightly Avith 
cord ; fill in with plaster, poui ing it through 
both openings at the feet. PUnty of plaster 
should be kept ready mixed, and this should not 
be very thick. Plaster swells when setting, and, 
if used too thick, may ci'aek the mould. It 
should also bo remembered that a very thick 
mixture may set before the mould is ])roperly 
filled. 


Chipping. In chipping it is advisable to 
begin at the head and slioulders and remove the 
white covering. When this is quite cleartxl, 
remove the coloured coating from the top down- 
wards. Thus the cast will be kept clean, and no 
falling plaster can serratch the surface. 

The figure need not always be cast quite 
solidly. With a little practice the student avuII 
bo able to judge the thickness 
and uniformity of the cast as 
he is making it. In repairing 
bruises and scratches, the in- 
jured parts should be well 
wetted before being filled in. 

To fix the arms, make a hole to 
receive the wire strengthening, 
thoroughly wet both the end 
of the arm and tlu? shoulder, 
mix some plaster and tlirow 
it into the hole. After 
scratching away some of the 
end of the arm, so that it is 
slightly concave, press it into 
position and hold it there for 
a few minutes until it is well 
set. No plaster must be allowed 
to get between the surface of 
the end of the arm and the 
surface of the shoulder, else 
it is not possible to secure a 
perfect joint. 

Modelling the Head. The armature for 
a head from life is not very difficult to make. 
A board 18 in. square is required. Into this an 
upright piece of wood, 2 in. square and 9 in. high. 



28. ARMATURE 
FOR HEAD 


1510 


should be fixed very securely. Two pieces of 
“compo ” tubing are fastened so that they 
make two loops which shall continue up the 
centre of the head, one inside the other, and 
give the clay plenty of support [28]. These 
loops should be from 10 to 12 in. long. This 
flexible armature will permit of bending the head 
to give it any necessary pose when the clay has 
been put on. Jt is sometimes necessary to 
make use of butterflies to strengthen the 
support of the clay. These should be fastened 
to the top of the tubing, and allowed to fall to 
about the middle of the head — one in front and 
the other at the back. When the armature is 
finished, place it on the turntable and cover the 
whole of the framework with clay. Begin at 
the neck and put on about 2 in. of clay front 
and hack, and the same at the sides. This will 
ensure the supporting column being in the 
middle of the neck, (‘ontinue this coin inn of 
clay upwards and downwards. Then, having 
covered the framework of the head, you will 
have a slightly t*gg-sha|)ed mass at tlie top of 
the clay column. 

Working from the Profile. Now turn 
to the profile, and having fixed the point of 
the pit of the neck at the suprasternal 
notch, make the ])r()file of the sternum. Then 
from the front fix the angle of the clavicles, and 
continue them to the shoulders, tilling in and 
defining the jilanes of the pectoral muscles. 
From tlie profile fix the angle made by a line* 
from the suprasternal notch to the seventh 
cervical vertebra. To find this vertebra is not 
difficult, as if is the most prominent point at the 
back of the neck, and cannot be very well 
mistaken. Having fixed this angle by sticking 
a tool or match into the back, carefully move 
the match horizontally till it is quite in the 
centre, and take careful measurement from this 
point on tlie modc^l to tin* suprasternal noteb. 
(-ompare this measurement on your clay and 
pull out the match to the distance required, 
securing it in position with lumps of clay. 
Then roll some large lumps between your hands, 
and put on the upper part of the trapezius 
in muscle, filling the back as far as the 
shoulders. 

The Features. Having prepared your 
ground-work, take the following measurements 
upon the model, and fix them in order upon 
your clay work. Matches are most convenient 
to mark the points, and should be pushed 
into the clay until the extreme end represents 
the actual measurements. 

With a pair of callipers measure from ear to 
ear at the notch between the tragus and anti- 
tragus. As the starting points from which you 
will measure your head, their position should bo 
determined with great care. In marking them 
note the relative positions of the suprasternal 
notch, the seventh cervical vertebra, and the 
points just measured. This should, of course, 
bo done from the profile. Calculation should be 
made as to how far above the sternum they 
come, and how far back they will be from the 
point of the chin. From the front jt should b(* 
observed that the two points care perfectly 
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horizontal. Again turn to the side view, and, 
holding a atraight-edge, ascertain the position 
of the tip of the nose in relation to the point of 
tlie car. Observe this from both sides, and 
nark what you judge to be the projection of 
the nose by putting on a piece of clay. Now 
measure tilts point from the ears. It is neces- 
sary to measure from both sides, as th(^ position 
of the nose is not always equidistant from both 
ears. Build up the nose ;• do not put on to(> 
much clay, but just enough to iiiakt' your 
nicasuri’inents secure. With the callipers, 
measure from the notches of the ears to the 
middk* of the chin at the extreme point of 
projection. But on some clay, and ivith the 
notch of the ear as eeiitre mike an nrv per- 
]>endieularly on the (^lay you hava^ put on for 
the chin. The moasun'ments from both sides 
must bo exact. 

Locating the Point 
of Measurement. It 
i\ill aid accuracy to 
place a small spot on 
the chin of the model, 
in order to locate the 
jxnnt of measurement. 

If your two nv'usure- 
m^iits do not meet on 
+he clay, there is prob- 
ably too much clay on 
the chin. On the other 
hand, if they cross each 
oilier, there is probably 
not enough. When the 
two measurem(?nts fall 
into the same line on 
tiie chin, measure from 
the tip of the nose to the 
centre of the ehin, and 
pu.sh in Uu*> match where 
this liist measurement 
cuts the upright lino 
marked upon the ehin. 

From the notch of the 
ear measure to the roots 
(*f the hair at themiddlo 
of the forehead. If the 
model has no hair on the 
fc^rehead, measure from 
the line of the brows backw'ards till you reach the 
hail*. The lino of the brows should be calculated 
from the point of the chin, an arc being described 
w ith the chin a.s centre. Mark these nit^asure- 
ments on a sheet of paper, so that in rectifying 
mistakes it will not be necessary to trouble the 
model by repeatedly measuring from him. 

The next step is the laying in of the bone- 
forms. Tlie use of a skull will assist the studimt 
in tracing these formations. The clay should 
be rolled into flat lumps before being put into 
podtion, and the student must refrain from 
smearing these over. If it is necessary to reduce 
the projection in any place, it should not be done 
by pressure, but by removing the clay- For 
increasing the hollow of the eye, the clay should 
be scraped or cat away. If the linger or tool is 
prshed into the clay the surrounding form w ill 
lio thro vn out of drawing. 


Modelling the Bone«form. It is essen- 
tial to devote the greatest possible care to 
the modelling of the bone-form, for upon this 
depends the character of tiu* head. Draw 
the profile of the model from the chin over to 
the nape of the neck. If your points are 
accurately measured, there will be no danger in 
drawing this outline in full ; hut (J(> not put on 
more than suflicient clay to give tlu; outline of 
the profile. Put on the sTcrno-cIcido mastoid 
muscles at the sides of the neck from tlu^ sternum 
to the mastoid processes at tlie back of the ears, 
and vvitli a lump of <‘lay indicate tlui position 
of the thyroid body. Put in the trapezius 
muscle, and mark witli (an? the areli of the 
elavielt'.s, looking up at them from below'. Though 
it is safe to keep lh(‘ luu.sek^s a little under size, 
the bones .should from the first have tlieir proper 
proj('otioii. 

Lay in the jaws, 
noting the angle they 
make from the side and 
the arch tlu*y form wlien 
looked at from beknv. 
Indicate the shape of 
tlu‘ brows and orbits. 
With great attention 
model the fortdiead and 
the eheekhones. Having 
pul in the mass of the 
teeth, lay over tliem tlie 
forms of the lips and 
put in th(‘ nostriks. The 
mouth should be de- 
cided first by finding tlie 
corners and marking 
them, having regard to 
their relation to the 
wings of the nose. In- 
dicate the hall of the 
eye with a round piece 
of clay, looking at if 
from the sides to make 
sure of the right )>r()- 
joetion lieyond thi* 
outer border of the eye 
socket. 

The Eyes. The 

student should now 
draw from the profile, from t he front, and from the 
back, then the three-quarter views, drawing as h(? 
would with a pencil and papiT, very carefully. 
The required action should be given to the head 
at this stage. The armature of the neck, being 
of compo ' tubiiij. is ea.sily bent. Having done 
this, put on the eyelids top and bottom with 
small pieces of clay rolled between the fingers. 
Remember that the outer corners of the eye are 
higher than the inner. 

Now’ cut out the pupils, leaving a small piece 
of clay in the pupil under the upper lid to 
catch the light, and so give the reflected spot 
of light seen in nature. Tlie exact size and 
position of this spot depends upon, and should 
be* determined by, the characleristics of the 
individual i\ye. If the eyes in nature are very 
dark, the best efloet may be obtained by reducing 
the size of the piece of clay which eatche.s the 
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light. If the eyes are somewhat lustreless, the 
projection of this piece may be reduced so that 
the eye is reduced in brilliancy. Should the eyes 
be light, it is advisable not only to reduce the 
depth of the hole representing the pupil, but 
sometimes to make the angles at the sides of this 
hole less abrupt, and so obtain more light. 

The Hair. The hair is always a difficult 
feature to imitate. It is hardly necessary to 
mention that in making a })ortrait it is not 
always advisable for the sitter to brush his 
hair. It depends entirely upon the manner in 
which he usually wears it. If he has rather long 
and crisp hair, which gives the general idea of 
ruggedness, it would be perfectly absurd to have 
it brushed clown like smooth and line hair. 

Light and dark hair must, of course, be 


Models. Home difficulty may be experi- 
enced in securing good models. Perhaps the 
easiest and quickest way to get them is by 
advertisement. Messrs. Reeves, however, keep a 
register at some of their shops, or a good model 
may be secured from a school of art. The usual 
pay is one shilling per hour, which includes 10 or 
15 minutes’ rest.. If engaged by the day, seven 
shillings is usual. These prices apply to adults ; 
children generally get less. Jn selecting models it 
is wise to see that they are healthy, well devel- 
oped, and of good proportion. With female 
models the student should keep his eyes open 
to notice the disfigurement caused by tlie use 
of corsets. Tf the student is altogether un- 
acquainted with the female figure, he cannot 
do better than to take Ihe advice of some 


differentiated. To represent dark 
hair it is necessary to obtain as 
much shadow as will best give the 
effect. This may be done by 
cutting deep, crisp lines, so that the 
mas.ses above shelve over and cast 
shadows. Light hair, if smooth, 
will require little or no heavy 
shadows ; if rough and shaggy, 
the effect can be obtained by big 
masses and lines not cut very 
deeply. To what extent the hairs 
should be suggested is in a great 
measure a matter of “ style.” It 
depends on what the sculptor finds 
the most satisfactory way of render- 
ingthat particular example of hair. 

The Ear. A great deal of 
attention should be paid to the ear. 

This feature varies in shape perhaps 

more than any other, and should gQ frame 

therefore be properly considered. 

Notice the angle of its posterior border ; mark how 
this border of the helix stands away from the skull, 
note from behind the shape of the concha and 
observe its depth. Again, much care should be 


teacher who is used to them. 

Another point to bo noticed is 
the feet. Small b(X)ts distort 
to(‘s, and high heels crush 
thorn. I hi fortunately, this will 
bo mot with very frecpiently, 
particularly in women. Women 
who have had offspring are, 
as a rule, not suitable for the 
student. 

Clay. While modelling, the 
olay sliould be kept in a ziiie- 
lincd trough with a eover, or it 
may be kci>t in tubs. Jn the 
latter case, attention must con- 
stantly be given to it to prevent 
it hardening from want of 
moisture*. To keep the figure in 
good condition, it is very (jon- 
voniont to have a rigid cover for 
FOR COVER The frame for this is best 

made by a joiner, and it should be 
of such dimensions as will allow it to be dropped 
over the figure and rested on the board upon 
which the plinth has been made. The frame- 
work should be made as shown in 30. Inside 


given to realise the way in which the car grows it should be nailed a covering of flannelette, or old 

from the head. Hee how the tragus rises from the thick sheeting — in short, anything that will hold 

jaw. If regarded from the back, it forms part of water. New material is not suitable as a rule, 
the rox^nd border of the auditory meatus. It is because the water runs out of it very soon. On 

then not flat, but convex. See also how the helix the outer side of the framework some sort of 


grows, not directly from the lower part of the 
temple, but from the cavity of the concha. 
And notice at the back the depth of the jaw and 
the way it is bordered by the sterno-clcido- 
mastoid muscle, and its insertion a little higher 
at the mastoid process. Knowledge of anatomy 
is of infinite importance. Without knowledge 
of its construction, the human form cannot 
possibly be correctly rendered. 


waterproof sheeting should be tacked. India- 
rublw sheeting is best, but exix^nsive. American 
cloth, if good, will serve as well, though it is 
never quite so durable. When covering up the 
work, the inside material should be sj^inged 
well. It is not necessary then to put water 
uj)on the clay model. Avoid this whenever 
possible, as it washes the fine material from the 
surface of the clay and makes it gritty. 


Cmtinued 
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By JUSTIN 

•yHE new man who was to arise in the 
political life of Kome, and to make a |?reator 
impression than had ever been made, or was 
ever to bo made while Kome was a ruling »Stat(‘, 
was Oaius Julius (^lesar. He had been in exile 
for some time during the rule of Sulla, and on 
the death of Sulla he returned to Rome. 

Julius Caesar. Ciesar had come into 
disfavour with Sulla beeauso he had married 
C'ornelia, a daughter of Seinna, and when Sulla 
demanded that he should divorce his young wife 
and seek another allianee, (Wsar had firmly 
refused, declaring that he preferred exile from 
Italy to th(^ betrayal of the woman he loved. 
His relatives were powerful Patricians, and 
through their intluf>nee he was saved from the 
extnmie measure of Sulla's wrath. The autocrat 
consented to allow him to go into exile, but it 
was told at the time that he expressed at once 
his contempt for what lu^ regarded as Ciesar's 
love- weakness, and his knowledge of his power by 
warning the Patricians that “ the boy in petti- 
coats ” would prove to be another Marius to 
the ruling orders. 

(Jiesar, who was born a century before the 
Christian Era, was then twenty-two, and was the 
son of a Roman praetor. He had been well 
trained for a military career, and did excellent 
service in many wars. He associated himself 
in Rome with the popular party, and soon 
achieved a marvello\is success as an orator. 
Cicero, one of the greatest orators in the world’s 
history, is said to have paid a generous tribute 
to the genius of the rising young man. “ Which 
of us,” he asked, “ could claim to be the equal of 
(^Tsar in oratory even among those who are 
orators and do not strive to be anything else ? ” 

Caesar’s Versatility. Ciesar's claims to 
fame are such as no other man of the ancient 
or modem w'orld ever possessed. Among warriors 
and conquerors he ranks with the very highest — 
with Alexander in the ancient Avorld and with 
Najwleon in the modern. He was one of the 
greatest writers of his day, and during the whole 
of his ever active life lie found time for the 
production of great historical and literary books 
written in the finest Roman prose. His short 
poems and epigrams — some fragments of 
which are preserved — are faultless, and some of 
his jests and sarcastic comments were recorded 
by his friends as were those of Dr. Johnson, and 
afford much amusement to modem readers. 

Ho was a statesman of the highest order, and 
although in his wars he sometimes yielded to 
the barbaric influences of his time, yet when 
he obeyed his own impulses he invariably showed 
himself a man of clemency and mercy. When in 
the intervals of bis earlier wars he made himself 
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a powerful figure in Roman political life, he took 
the popular side, and opposed the influence 
and the malpractices of the Senate and the 
Patricians. 

The Catiline Conspiracy. One of the 

most important events of this time was the 
Catiline conspiracy. Apart from its historical 
importance, it, will always have a deep interest 
becaus(* it gave oceasion for the display of some 
of the greal qualities of Caesar and (/ioero. 

Catilin(‘ was a ruined noble, who belonged to 
a Patrician family whieli had sunk into poverty, 
and which he helped to bring still lower by the 
vices and crimes of liis yo\ith and early manliood. 
He had great ability, indomitable courage, and 
a fascinating power wliich won him many 
adht^rents. Ho early showed ambition to dis- 
tinguish hims(‘lf in public life, and thougli lio 
mad(^ no efforts to improve his morals, he 
devoted himself to the (pi(‘st of distinction in 
public affairs. Ho was elected JVflotor in 68 B.C., 
and in the next year was appointed Governor of 
Africa ; but vvlum ho b(‘caTne candidate for the 
Gonsulship in 66, h(‘. was declared disqualified 
because of an impeachment brought against 
him for oppression and maladministration in 
his province. ^ 

This disappointment filled him with an impatient 
desire to make himself a power in the State — by 
foul means if not by fair. He organised a great 
conspiracy, by which he hoped to become master 
of the State. He saw' that there was opportunity 
for a revolution because of the general discontent, 
and the want created among the people by the 
incessant struggles bctw'ccn the ristocratic^ and 
democratic factions, and he knew that many 
of the aristocrats, espe(?ially the followers of 
Sulla, wore ready for any attempt to recover 
their lost power. His revolutionary plans were 
in preparation during the Consulship of Cicero, 
but Cicero was privately informed that some 
dangerous plot was threatening the public 
peace. 

Catiline proposed to begin his scheme by 
puttin' Cicero to death, but Cicero was warned 
of his purpose by the mistr(‘ss of one of the 
conspirators. When, therefore, an attack was 
made on his house, the conspirators found 
him ready to receive them. Some w'cre made 
prisoners, and the others w’erc driven away. 

Catiline’s Escape from Rome. The 

news of this outr gcous attempt soon spread 
over Rome. Catiline still w’a - not dismayed, 
he actually appeared in the KSenate two days after 
the attempt and its failure. His audacious 
appearance there w as the occasion for Cicero’s 
famous speech in denunciation of him, which 
ranks among the world’s greatest orations. 
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Catiline’a attempts to defend himself were 
drowned by the interruptions and execrations 
of the Senators, and ho found that his only chance 
of safety lay in flight from Rome. 

He had collected large forces, and endeavoured 
to become the open leader of a revolution. On 
the flight of Catiline, Cicero ordered the arrest 
of some of those he believed to be his fellow- 
conspirators. They were found guilty, con- 
demned to death with hardly even the form 
of a deliberate trial, and executed the same 
night. Julius Caesar opposed these irregular 
proceedings in a speech which for eloquence 
and ai'gument will compare well w ith any speech 
of Cicero's. 

There were rumours at the time that Ctesar 
had himself been inclined to favour the con- 
spiracy, but nothing in his career gives *any 
excuse for the accusation. Tlic manner in which 
he stood up for the sanctity of law and the fair 
trial of every man, in spite of the appearances 
against him, was honourably characteristic of 
Ca’sar. C'atiline gathered his forces around him 
in one of the Italian provinces, and an army of 
the Republic was sent against him. In the 
January of 62 b.c. a fierce battle was fought. 
Catiline was completely defeated, and, fighting 
to the last, was left a corpHe on the field. Tho 
story of the conspiracy anil its suppression is tho 
subject of one of the famous works of Sallust, the 
great Roman historian. 

Pompey. Another man was in the mean- 
time rising into prominence. This was Cnoins 
Pompeius Magnus, whom English historians 
have habitually called Pompey, a name which 
we shall give him in our course. Pomi)cy in 
his youth had fought in the civil war against 
Marius, had supported Sulla, and had reduced to 
nothingness Marius’ party in Sicily, Spain, and 
Africa. He belonged by birth to the aristocratic 
order, but after a while he took up the popular 
cause, and helped to restore tho institute of the 
Tribuneship. 

He had done great service by the suppression 
of 2 )iracy in the Mediterranean, and had con- 
cpiered Mithridates, the sovereign of Parthia, 
in Asia, in the last war waged by the Romans 
against that ever-invading sovereign ; he made 
Syria a province of Romo, and captured the city 
of Jerusalem. 

After these events ho was welcomed in Rome, 
for the third time, with a triumphal reception. 
He began, however, to be distrusted by the 
aristocratic party, who were possessed by the 
natural dread that Pompey was striving to make 
himself absolute master of Home. He then 
formed a political alliance with Ctesar, and these 
two, in conjunction with Crassus, a great million- 
aire, form^ the famous first Triumvirate, in 
f»0 B.c. To strengthen tho alliance Cscsar gave 
his daughter Julia, who had been promised 
to Brutus, to Pompey in marriage. 


Caesar In Gaul and Britain. Then 
came Giesar’s great successes in Gaul and in 
Britain, which kept him out of Rome for many 
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would have made him famous if they had been 
his only claim to renown. 

By the time Caesar returned to Rome, Pompey, 
whose wife, Julia, was now dead, had come to 
believe Caesar his most dangerous rival in popu- 
lar favour, and had gone over once again to the 
side of the aristocrats. When Caesar’s return to 
Italy w^os expected, Pompey persuaded the 
Senate that Ca'sar was determined to seize 
supreme power over the State ; and the Senate, 
yielding to his advice, called upon Caesar to 
disband his army, and thus prove his submission 
to the existing constitution. 

Ca*sar, w ho was now in Italy, although not yet 
upon Roman soil, refused to obey, and was 
supported with enthusiasm by his conquering 
legions. He appears to have had a moment of 
hesitation, and indeed the risks opposing his 
furtlicr march wove such as to call for the gravest 
consideration. The Roman forces over Avhich 
PoiujKiv now had full command far outnumlx^red 
the legions of ( ’a‘sar. The moment of hesitation 
soon passed, and Cicsar crossed the Rubicon, 
a snuall river dividing tho province which he 
tlien occupied from the actual dominions of 
Rome. 

The Fate of Pompey. That crossing 
of the Rubicon, in itself a most momentous 
event in tho Jiistory of Rome, bequeathed a 
proverb to the whole civilised world, and it is a 
common ])hrasc at tho present day that when a 
man decides on taking some momentous step 
ho is crossing the Rubicon, The fate of Pompey 
was soon decided. Many battles were fought ; 
Pompey withdrew into Greece with an army 
still large and powerful. Caesar crossed over to 
Greece, and in one battle had tho w^orst of it, 
but on the plains of Pharsalia, in 48b.o., tho final 
battle was fought, and Pompey received a most 
decisive defeat. He sought refuge in Egypt, 
but was put to death there by order of the 
ministers of Ptolemy, the young King of Egypt. 

Ptolemy. Ptolemy was the son of the 
preceding Egyptian sovereign, Ptolemy Auletes, 
and was the younger brother of the celebrated 
Cleopatra. The father, when dying, appointed 
the son and daughter conjoint rulers. Quarrels 
soon arose between the young sovereigns, and 
Cleopatra was driven from the kingdom. 
White this quarrel was going on, Pompey 
arrived at the Egyptian shore, and, casting 
anchor, asked for permission to make a landing. 
The nobles surrounding the young monarch 
regarded tho condition of things as critical 
and dangerous for their master and themselves. 
They feared that by offering their hospitality 
to Pompey they would make Caesar their enemy, 
and they Knew enough of what was going on in 
the world to know that Caesar would be the 
most dangerous enemy Egypt could have. 

But they were equally afraid that if they 
refused Pompey a landing the result would bo 
that he would join Cleopatra, who was already 
raising large bands of partisaijs to maintain 
her claim to a share in the Egyptian sovereignty, 
and that another danger would thus threaten 
Ptolemy and his supporters. 
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Assassination of Pompey. Tlicre 
seemed to be but one way out of the diflfioulty — 
a way by no means uncommon then \n Eastern 
and oven in Western lands. Their plan was to 
get rid of Pompey by putting him to death. 
Pompey was granted permission to land, and, 
as he set foot on the shore, he was instantly 
killed. Caesar, in pursuit of P()m])ey, arrived in 
soon aftiT, and the leading acoompliees 
in the murderous deed believed that they could 
best conciliate the conqueror by presenting him 
on his landing with the head of Pompey. 
They were doomed to disappointment. (Va\sar, 
sickened at the sight, turned away in disgust, 
and broke into tears at this evidence of his old 
friend’s fate. Tie insisted that tln^ murderer 
must be instantly ptit to dentil, and his demand 
had to bo promptly earriefl into exemition. 

The death of PomjK\y took phuM' in the 
.September of 48 b.c., when he had just entered 
on hi.s fifty-eighth year. He was undoubtedly 
a man of great military eajiaeity, with some 
gifl of statesmanship, and prohahly tln^ only 
Roman who could be regarded as a possible 
rival to Julius Ciesar. 

After the death of Pompey, (-so.sar did not 
immediately return to Italy, hut seems to have 
b(‘en possessed by a desire t o bring the disturbed 
condition of Egypt into Ix'tter and more .settled 
order. He had with him but a small force of 
some 4,0(j() men, but he settled in tlie capital 
and set himself to work to bring about a recon- 
ciliation betvv(‘en Ptolemy and Cleopatra, and 
to prevail on them to continue their joint ruler- 
ship of the country. The people of Alexandria, 
made up of various nationalities, seemed little 
inclined to accept the leadership, or, at least, 
the absolute control, of a stranger like (Vsar. 
There, was a military rising against him, which, 
having the support of the native army and of many 
leading men, seemed for a time formidable. 
(Vsar encountered the crisis with his usual 
undaunted courage and cool power of observation. 
He sent at once to Asia for military reinforce- 
ments, and, awaiting the coming of these, 
\‘ntrenchcd himself as well as he could, 

Caesar and Cleopatra. Some engage- 
ments took x)lare, during one of which (\Tsar 
only contrived to save his life by swimming 
to one of his own vessels ; but he was able, 
through whatever diftieulties, to keep his navy 
afloat and to inflict much injury on the Egyptian 
fleet. The desired reinforcements at last arrived, 
and before the struggle had gone much farther 
the dispute between the young sovereigns was 
ended by the death of the king, and many 
others, in an attempt to escajK} by sea from 
Ca'sar’s conquering army. The result was the 
entire submission of the Alexandrians to (/.Tsar’s 
power. Ciesar was clement in his dealings with 
the subdued enemy, and by his command 
Cleopatra was restored to her throne. 

It has been accepted as part of history that 
Cleopatra had fallen in love with the conqueror, 
and that Caesar lingered long in Alexandria 
because of this romantic episode in his life. 
Ho had still to conduct military ojxjrations, for 
a war had broken out in Asia Minor, and one 


of his lieij tenants had been defeated by 
Pharnaccs, the son of Milhridates. Pharnaces 
was engaged in an attempt to restore his father’s 
dominion. ( Vsar set out at once on an expedi- 
tion against him, and, in a campaign lasting 
only five days, completely defeated him. This 
was the success Avhich he described in his 
celebrated despat c’h to Rome in the words, 
“ Veni, vidi, vici.” He then hastened hack to 
Home, but by tlm time he arrived those who 
had supported Pompey once more rose against 
him. Some of tin* Roman legions, still treasur- 
ing their allegiance fo Pompey, mutinied, and 
marched on Rome. ( 'icsar made projni>t arrange- 
ments for the defence of the city, and then, 
suddenly leaving Rome, jm'Sented himself to 
the mutinous legions. The leaders of the 
mutiny declared tliat th(‘ii‘ only desire was to 
he released fiom their service. C.Tsar, inspired 
by one of those im|)uls(*s of eombim'd elemeney 
and foreseeing statesmanship sf) eharaeteristie 
of him, told them that they wen^ free to go, 
with the assurance that when he and his legions 
should have completely overthrown their 
enemies the discharged soklic^rs, now releas(‘d 
at their own wish, would lx* free to claim their 
share of the hostile spoils and lands, although, 
having been discharged, they could not appear 
in the public triumph. 

Caesar’s Diplomacy. . According to all 
received traditions, ('a‘sar much* a deep im- 
pression on his listeners by addressing them as 
“ citizens," and no longer as “ fellow soldiers.’’ 
This delibiTah; change of denomination pierced 
the very hearts of the soldiers, filling them with 
deepest pain at the thought that, while they 
were allowed to receive their share of the 
spoils, they were no longer regarded by the 
commander as his comrades in war. They 
abandoned all their demands, unanimously 
besought him to reston* them to their former 
position in his service, and to allow them to 
shares with him the honours of the victory. ( V'sar 
then returned to Africa, and, by his military 
skill and promptness in taking advantage of 
every oj)port unity, he triumphed completely 
over his 02 >ponents. 

The <*ause of Pompey was now wholly lost, 
and t'ato the Younger, who had long been an 
invet(*rate oppomnit of Julius Pa'sar, resolved 
to give u}) life rather than submit to the victor. 
After a night spent in reading Plato's “ Phaxlo,” 
he deliberately stabbed himself in the breast 
and died. 

Rome’s Reception of Ceesar. C-a^sar 
received four public triumphs in Rome for 
his successes in (iaul, in Asia Minor, in 
Egypt and, other parts of Africa ; but he was 
offered no public honour for his victory at 
Pharsalia, because of the recognised custom 
that no Roman was to have a public celebration 
for a victory won over his fellow Romans in 
civil war. Oa'sar fully appreciated the signi- 
ficance of this principle, and could have felt 
no desire to claim a triumph for a victory over 
his fellow-citizens in a war forced upon him by 
the necessities of his public station and military 
duty. These ceremonials were the culmination 
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of C'tvMar’K career. Ho was now supreme master 
of Homo, while still in the prime* of life. Ho 
had passed his youth, for the most part, in 
pleasure, luxury and dissipation, although he 
iiad ever shown a deep interest in letters and in 
arts. 

When he rose in the military service he 
renounced all his earlier follies, gave up wine, 
and devoted himself to his duties as a commander 
and as a loading public man, and to the literary 
work he loved so mtII. He had proved through 
all his nars that he was endowed with that rare 
and almost marvellous foresight and that clear 
calculation of possibilities which enabled him 
to SCO tliat, whatever might be the diftieulties 
surrounding him, no matter how' he might 
seem to be on the verge of defeat, it w'as still 
within his pow'er to carry to success the task 
lie liad undertaken. We have already show'll 
that he was not only a great military coin- 
mand(‘r but also a great orator and a great- 
statesman. In the Senate he had no rival. 
When after the wars which ho had lately carried 
on he returned to Rome he became at. once — 
in fact if not in title — the ruler of the State. 

Condition of Rome. Rome in the 
meantime had fallen into an alarming condition 
of jiolitical corruption, and was rent to the 
heart by tlic selfish struggles of hostile political 
I)arties. (’tesar d(‘ voted himself to the restora- 
tion of order, to the healing of political corrup- 
tion, and to the foundation of a stable 
(’ommon wealth on principles of civil equality 
and freedom. Ho made, from the first, no 
diiTenmce in his treatment of friends and 
enemies. He allowed no penalties to come upon 
the followers of Pomficy, and he proclaimed his 
intention to introduce an entirely new cha])ter 
into the history of the long distracted State. 
He became, above all things, a reformer ; he 
did his liest to find employment for the poorest 
classes on public works, and by organising a 
suitable system for the emigration of able- 
bodied men to the Roman colonics, which w^re 
cspceially in need of such help towards their 
development. He put into operation great 
plans for the draining of marshes, for the 
construction of harbours, for the deepening of 
beds of rivers. He initiated measures for the 
improvement of the colonies, for making the 
Senate larger and more thoroughly rcqiresentat ive, 
and also an efficient agent of the ruling authority 
rather than the mere instrument of the strongest 
political party. 


The Change in the Calendar. One 

great accomplishment of Cfcsar’s genius w^os 
the entire reform of the calendar, which up to 
that time was in a state of bewildering 
confusion. The length of the days in the 
different seasons had not been settled, and 
even the divisions of months and years had 
been left to chance, or to regulations which ber.t 
suited the convenience of each ruling party. 
There are students of history who regard the 
reform w hich Capsmr thought out and established 
as the most remarkable accomplishment of his 
w'hole career. 

Many a man may believe that, if he had had 
the trainitig and the opportunity, he might have 
turned out a great military commander or a 
great statesman ; but such a man w'ould readily 
acknowledge that if he had been called upon to 
evolve out of the depths of bis moral conscious- 
ness an entirely now and exact calendar of the 
day^s, months, and years, he would have had to 
give up the task in dosj)air. Oa'sar, however, 
a.coompli«hed the work, and set up a calendar 
whicli civilisation accepted for more than fifteen 
centuri(‘8. So little was then known of the actual 
science of astronomy that an exact calendar was 
not a possible achievenumt, and it w^as left for 
a mod(?rii j)eriod, wfith its immense increase of 
knowledge of such subjeels, to iMTfect tin* 
w'ork w^hicli Julius Caesar had brought into 
existence. 

War in Spain, (kesar was interrupted in 
this task by the outbreak of a war in Spain, 
where the sons of Pompoy were rallying their 
forces for a new revolt. Ho went to Spain, 
brought the striigghi to an end, and tlien returned 
to Home to continue his peaceful work. He was 
welcomed with a new' public triumph. Then, at 
last, lie was proclaimed in name what lie had 
long been in fact- “ Irnperator,” or ruler of the 
State. Ho was offered the title of King more, 
than once, but he always refused it, acting in 
the spirit of his declaration when the proposal 
was first made to him. “ I am not a king ; I 
have no wish to be a king ; I am Cfcsar.” Tlu^ 
remainder of Capsar’s reign — for it must be 
described as a reign — brought Romo to her 
highest position in the history of the world. His 
rule as a reformer was, indeed, interrupted by 
some wars, but it may easily be imagined that 
during these campaigns he was, as he had been 
during his campaigns in Gaul, still contemplating 
and planning projects for the regeneration of 
the Roman State. 
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Group 20 

STRENGTH OF STONES, BRICKS, & CEMENTS materials & 

STRUCTURES 

Crushing: Strengfth and Safe Working: Stress on Stone. Tensile and Trans- 
verse Streng:th, Bricks and Brickwork. Brick Piers. Lime. Cement. Concrete 1 1 

<'ouWnue<l from pajre l.W 


By Professor HENRY ADAMS 

Crushing Strength of Stone. The Biiinie nandstone .. IR tons 

general characteristics of the principal varieties Chilinark limestone . . . . ,‘F2 „ 

of building atones are described in pages .528-534. Wiitc statuary marble 35 to 4(> 

It will bo remembered that while some are. Whinstone .. . .. tM ,, 

crystalline and fairly homogenooiiK, the majority Slate . . . . . . 017 to ,, 


are more or less laminated or built up by strati- 
fication, so that for durability it is necessary to 
lay the blocks iu such a position that the pressure 
upon them is perpendicular to the stratification. 
I'his usually means that they must stand on 
their natural bed, or in a similar position to that 
they occupied in the qu.arry. They are, therefore, 
tested in this position by direct compression ; 
but, like other materials, the samples are 
specially selected and prepared for testing, m 
that the maximum result is obtained, and the 
figures so found bear only a distant relation to 
the crushing values of stone used in the ordinary 
manner of preparing and Ix'dding in the 
(!onstruction of a building. The si/e usually 
adopted for testing is 3 in. to (> in. cubes, dressed 
perfectly true and smooth, and placed between 
pieces of pine J in. thick, so that the stone has 
every facility allowed for showing a high initial 
strength. It is nsxial to note the load at which 
cracking commences, and then to continue the 
pressure until crushing takes place. 'I'hese figures 
are then reduced to the equivalent tons per 
square foot. 

Safe Working Stress. The safe working 
stress will vary from one-hundredth to one- 
twentieth, according to the stone and the 
circumstances of its use, and no general rule 
can he laid down. In many cases the stone in 
use will have to bear only a comparatively small 
load, its size depending upon conditions other 
than the load to be carried ; but whenever its 
absolute supporting power is in question it must 
bo carefully selected, truly dressed, and well 
bedded. By w^ay of illustrating the contin- 
gencies to be met, it may be stated that care- 
fully-prepared samples of granite may crush 
with loads varying from 150 to 2,420 tons per 
square foot, but from 15 to 25 tons per square 
foot is the greatest load that can be safely put 
upon this material in practice, and oven then 
failure may occur from want of sufficiently 
careful bedding. 

Tensile Strength of Stone. vStoue 
is never used under tensile stress, but a few 
varieties have been tested by way of experi- 
ment. The ultimate tensile strength of some 
well-known stones in tons per square foot is 
as follows : 

Craigleith sandstone . . . . 29 tons 

Arbroath (paving) sandstone 80 ,, 

Humbie sandstone . . . . 18 „ 

Caithness sandstone • • • • 68 


Transverse Strength of Stone. For 

lintels, hanging steps, and landings, stone is 
subject to a transv(‘rse stress, but it is very 
unusual to test it for the modulus of transverse 
rupture. In the absence of data of this kind, 
the t(‘nsil(> strength may be made use of when a 
ealenlation is required. The only figures avail - 
abk^ for modulus of rupture appear to be : 

Sandstone . . 1,100 to 2,3(>0 lb. per sq. in. 

Slate .. .. .5,000 to 5,040 „ 

The tables appearing furtlior on give the range of 
strength and w'eipflit of the usual building stones. 

Physical Tests of Stone. For external 
use it is most important that a building stone 
should weather well— that is, it should not 
decay prematurely upon exposure to the moisture 
and acids in the atmosphere. The best test of 
this (piality is to inspect buildings w'hcrc the 
particular variety and from the same bed in the 
quarry lias boon in use for a long period ; but 
it must be borne in mind that a given variety 
may endure well in the comparatively pure air 
of the country or a small provincial towm, and 
bo quite unsuitable for use in a manufacturing 
towm or Large city. This appliiis especially to 
limestones and to sandstones, where carbonate 
of lime is the principal cementing material ; and 
a very fair idea of the durability of a stone in a 
(owm atmosphere may b(‘. formed by placing a 
piece of the stone in a solution containing 1 per 
cent, of sulphuric acid and of hydrochloric acid, 
and allow' ing it to remain for several days. I f dis- 
integration occurs, the stone wdll not be durable. 

Smith’s and Brard’s Tests. What is 
known as Smith’s test is a good one for finding 
the quantity of earthy matter contained in 
stones which may be under consideration. The 
stone is taken in a moist state, and small 
chippings knocked oft’ ; thc.se are placed in a 
glass of clear w'ater and allow'ed to remain 
undisturbed for some time. The contents are 
then agitated by giving the glass a circular 
movement with the hand. If the water remain 
practically clear, the stone is of well-cemented 
particles, but if the w^atcr become clouded, the 
degree of murk incss w'ill give the amount of 
uncrystallised earthy matter contained in the 
stone. If another piece of the stone be dried 
and weighed and then boiled in Glauber’s salts 
(scidinm sulphate), and then the salt allowed to 
crystallise in it, the loss of weight after drying 
again will represent the damage likely to arise 
from the effects of frost. This applies chiefly to 
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1 STRENGTH AND 

WEIGHT 0 

F STONE 



Compressive Strengtln 





Tons per so. ft. 

Specific 

Weight 

Weight 






Variety. 

Cracking 

Ultimate 

Gravity. 

per CUD. It. 
lbs. 

per cub. in. 
lbs. 


commences. 

1 crushing. 




Granites : 






Aberdeen (grey) 

350 

500 to 1,400 

2*63 

164 

•095 

Xtallyknockcn (IriBh) . . 

— 

200 

2*71 

169 

*098 

C’-hceBe wring (Cornish) . . . . 

200 to 295 

322 to 403 

2-93 

183 

*106 

Cornish 

— 

400 to 955 

2*66 

166 

•096 

Irish (various) 

— 

150 to 860 

2-72 

170 

•098 

Penr.vii Coniwa’i) .. .. 

— 

1,285 

- — 

— 

— 

I’etcrhead (red) 

400 

400 to 1,600 

2-66 

166 

*006 

Kivals (Carnarvonshire) 

— 

2,330 to 2,420 

— 

— 

— 

iSYENiTic Granites : 






I)e Lank (Cornish) .. .. 

280 to 349 

363 to 1,170 

2-88 

180 

*104 

Syenites : 






Guernsey . . . . . . 

280 to 761 

830 to 1,150 

2-96 

185 

•107 

Herm (near (Guernsey) 

— to 086 

120 to 956 

3 0 

187 

*108 

Mount Sorrel 

— 

820 

2-66 

106 

*096 

Basalts, Ktc. ; 






Felspathic (ireenstone 

— 

1,100 


— 



Hornblendic „ 

— 

1.580 

— 

— 

— 

Irish (various) 

— 

600 to 1.960 

— 

— 

— 

Sheptoii Mullet 

— 

2,690 

— 

. — 


\V hinstone 

— 

530 to 770 

2*76 

17*i 

*099 

Slates : 






Cornwall 

— 

— 

2*51 

157 

•091 

Killaloe (Irish) 


1,970 

— 

— 

— 

Valentin „ 

■ - 

720 

— 

— 

— 

Welsh 

350 

730 to 1,050 

2-88 

180 

•104 

Westmorland 

— 

— 

2-79 

174 

•JOl 

Sandstones : 






Ackworih 


389 

2'26 

141 

•081 

Arbroath (paving) .. .. 


500 

2-48 

155 

•09 

Braniley Pall 

120 

238 to 390 

2-28 

142 

*081 

Bridge or Grlushil . . . . 

— 

209 to 327 

1-96 

1*22 

*071 

Caithness 


415 

2-64 

165 

*095 

Closeburn (red freestone) . . 



400 to 626 

2*61 

103 

•094 

Corschill 


445 to 635 

2-28 

142 

*081 

Cove 


650 

2-10 

135 

*078 

Craigleith 

150 

200 to 862 

2*32 

145 

•084 

Croinford 



497 

2*72 

170 

*098 

Barley Bale 

412 

450 

2*37 

148 

*086 

„ Top 


510 

2*23 

1.30 

•08 

Bean Forest 


530 

2*43 

161 

•088 

Boonagore or Shamrock 

1,576 to 1,955 

1,710 to 2,214 

2*72 

170 

*098 

Drumkeelan 


50 

2 47 

154 

•089 

Dunmorc 

— 

435 

2*29 

143 

*083 

Buntrune 



1,024 

2*72 

170 

*098 

Grimshill 

— 

— 

2*24 

140 

*081 

Kenton 

220 

320 

2*32 

145 

•084 

Park Spring 

252 

486 

2*43 

151 

*088 

Aobin Hood 



675 

2*31 

144 

*084 

Runcorn . 



140 to 514 

2*07 

129 

•075 

Scotgate Ash or Head 

— , 

734 

2*45 

153 

•089 

Watson 'Stone 

_ 

1,710 

2*79 

174 

*101 

Whitby 

York (paving) 



70 

2*11 

132 

*076 

130 

370 

2*51 

157 

*091 

Bolomitrs : 






Red Mansfield 

130 

326 to 600 

2*37 

148 

*086 

White Mansfield 

105 

336 to 461 

2*34 

146 

*085 

LIHKSTONES: 






Beer 


162 

2*18 

136 

•079 

Chalk 

6 

26 to 70 

1*87 to 2*79 

117 to 174 

•068 to *101 

Hopton Wood 

— 

444 

2*63 

158 

•091 

Kentish Rag 



— 

2*66 

166 

*096 

Limerick 



660 

2*64 

165 

*096 

Listowel 

— 

1,200 

2*76 

172 

*099 

Oolitic Limestones: 






Ancaster 

110 

160 to 184 

2*24 

140 

*081 

Box Ground (Bath) 

Ghilmark or Tlsbury .. .. 

40 to 82 

76 to 05 

1*97 

123 

•071 

165 

400 

2*46 

168 

*089 

Coorabe Bown (bath) 



117 

1*86 

116 

•067 

Corsham Down (Bath) 

__ 

94 

1*97 

123 

•071 

Boulting Freestone .. .. 

106 to 130 

1 140 to 160 

2*06 

128 

•074 

Ham Hill 

100 

166 to 200 

2*24 

140 

*081 

Ketton 

100 

102 to 312 

2*06 

128 

*074 

Ketton Rag 

228 

678 

2*48 

166 

•09 

Portland (true roach) .. .. 


260 

2*48 . 

166 

•09 ‘ 

„ (Whltbed) .. .. 

90 

205 

2^32 

146 

*084 

»» 



2*81 

144 

•088 

,, (B»«ebed) .. .. 

PorbMk .. ; 

00 

287 

680 

2*20 

2*64 

187 
. 165 

•079 

•096 

Seaoombe 

. 

— 

2*40 

160 ,, 
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MATERIALS AND STRUCTURES 


porous or absorbent stones, which may hold 
moisture unduly. This is known as Brard’s test. 
It has, however, becm pointed out by C. H. 
Smith tliat the salt only crystallises in the 
pores without expansion, while water expands 
considerably as it freezes. 

Strength of Bricks. The str(‘ngth of a 
brick varies not only wnth its composition, but 
w'ith the degree of burning to which it has been 
subjected. Underburnt bricks have little initial 
strength and crumble away on exposure to the 
W'oather. London stoc^ks, being formed of 
brick earth mixed with coke breeze, the burning 
out of the breeze leaves the bricks somewhat 
porous and therefore less able to resist ]U‘essur<' 
than the denser kiln-burnt or machim* pressed 
brieks, although this is partly compensated by 
the higher temperature tending to vitrify them. 
Brieks are tested in eompression only, the frog 
being filled up with plaster of Paris and both 
sides brought to a level surface* with the same 
material, and then the whole placed between 
pieces of pine J in. thick. rSccTahles, page 1521). J 

Strength of Brickwork. The strength of 
brickwork depends very largely upon the strength 
of the mortar, and it is therc'fon* very desirable 
that the quality of the mortar sliould vary with 
that of the bricks in order to obtain the best result. 

Hurst’s “Anjhiteeturul Surveyors' Handbook " 
gives the safe load on stock brickwork in Port- 
land cement as 5 tons per foot super ; in lias lime 
mortar as 8 tons per foot super ; and in grey 
lime mortar as PJ tons ])(*r foot sup(‘r. Thes(* 
values, although low, arc no doubt sulticient to 
put upon ordinary brickwork wotbout special 
supervision. 

In the author's practice he allow’S tlie safe 
loads in accompanying table for average cases 
w'here continuous supervision is exercised during 
building, permitting them sometimes to be 
increased by 50 per ctuit. in special cases of 
practically constant dead loads. 

Brick Piers. Hurst gives a table of the 
reduction w'bic^h should i)e made in loading 


piers according to the number of times the height 
exceeds the least width, but the reduction named 
is very inadequate. In the w'riter's opinion 
an independent pier of brick or stonework 
should not in any case exceed in height 24 times 
its least width ; then, if W - the safe load on 
th<? material up to six diameters high, and r 
the ratio of height to least diameter, tlie co- 
effieiont of reduction would be giv(*n by the 

formula “ . • example, if 4 tons per 

1 S 

square fool be the given safe load upon certain 
brickw’ork, this may lu* allowed on a pi(‘r uj) to a 
height of six times the least w'idth ; lad if it be 
n‘(|iiired to earry it up to a height of 12 times 
the least width, tin* coefticient of reduction 
24 - 12 

w'ould b‘‘ ^ ■ rl' 4 X 5 - 2j| tons ))er 

In' 

s<jiiar(.‘ foot saf(‘ load. When bonded to a wall 
lliroughout its height, a |)i('r is materially 
strengthened, but it is inqjossible to say dclinitely 
t(» what extent the load may be inereas<*d, as it 
d(‘pends so much upon the nature of the bonding 
and the (juality of tht* workmanship. 


STRENGTH OF BRK^K PIERS BY 
EXPERLMENT (Hurst) 

The heifjht being lenn than 12 tifne« the least width. 

Varieties of Brieks. 

Weight per 
Foot SuF*er 
at whieh 


Cracking 

Conimeticcd. 

Hard stock bricks, best rpiaJitv, si.'t 


in Portland cement and sand, 1 to 


1, H months old 

4n tons 

Ordinary w'ell-hnrnt Loudon stocks, 
set in Portland cement and saml, 1 


to 1,3 months old . . 

.30 „ 

Tfard stock bricks, Homan cement 


and Hond, 1 to I, months old 

28 „ 

Hard .stock bricks in l as liino and 


sand. 1 to 2, (> nioutiis old . . 

24 

Hard .situ, k bricks in grey clnilk liim* 


and sand, 1 to 2, (> months old 

12 „ 

1 


For final tind absolute crushing 
the above loads might require to be 
multiplied by II or 2, but failure 
must be considcT(;d to occur when 
the cracking commences. 

It may be taken that the working 
loads ought not in any case to ex- 
ceed one-fourth of the load at wdiich 
fracture commences, unless special 
care be taken in supervision during 
construction, and then for dead 
loads onl}'^ the material might be 
kwided up to one-third of the frac- 
ture loads. 

R.I.B.A, Experiments. The 

Royal Institute of British Architects 
made some valuable experiments on 
the strength of brick piers at the 
West India Docks in 1 890-7. The 
piers w'crc 6 ft. high and 18 in. 
square, built in the ordinary manner ; 
some were even too ordinary, the 
interior of hard brick piers being 
filled in with common brick, but 


SAFK LOAD ON BUILDlNfJ MATERIALS 
Matcriftl. 


'toils per 
Foiit Supt-r. 


20 

15 

12 

0 


I'rpelun* loml. 


Oranite 

Portland and eonijmot liinesloni' . 

Hard York stone 
LiniCHtono (ordinary) 

And with stone template inter jiosrd : 

Blue brick in cement , . . . j 0 ^ ,. 

Stock brick in comciit . . . . f» -- I 

Stock brick in lias mortar . . 5 “ J ,, 

Stock brick in grey lime mortar. . 3 — ] .. 

And below the brickwork : 

Portland cement concrete (H to 1) 5 — i 

Lias lime concrete (4 to 1) .. 3 “ \ .» 

Gravel and natural conipaet earth ,2 — .. 

Made ground rammed in layers . . ! 1 

Clay requires special considc'ration, and no general 
rule can he laid down. Pressed gault, Fict|||E, and 
Leicester red bricks are intermediate in strength Between 
London stocks and Staffordshire blue bricks. 
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Compressive Strength. 





Tors pir so. ft. 

Specific 

Gravity. 

WelBlit 

Weight 

Variety. 

Cracking 

Ultimate 

per cub. ft. 
•lbs. 

per cub. in. 
lbs. 


commences. 

crushing. 




Magnl'SIAN Ij.mestonk» : 




♦ 


Itolsovor Moor . . . . . . 

;I20 

480 

2-42 

151 

• *088 

Turk Nook • 

118 

278 

2*20 

137 

•079 

Uoche Abbey 

100 to 150 

100 to 250 

2-23 

180 

•08 

Marulfs : 

Itrabant (black) 


690 to 1.360 

2-69 

168 

•097 

Devonshire (red) 

300 ! 

475 

2*61 

163 

•094 

. (talway (black) .. 


1,.300 

— 





Italian (i^lilte) • . . .... 

350 

620 to 1.400 

2*72 

170 

•098 

Kilkean'y (black) 

— 

070 

2-74 

171 

•099 

Statuary (white) 

— 

200 to 390 

2*72 

170 

•098 

Artificial STo^"E‘^ : 

Ford’s Silicate»oMline . . . . 


600 to 700 




Itansome's 


450 to 640 

2*16 

135 

•078 

Stuart's (iranolithlo 

~ 

.562 

2-31 

J44 

•083 - 

Victoria . . 

— , 

414 (o 550 

2*24 to 2T>6 

140 to 160 

•081 to -09.3 


CRUSHING STRENGTH OE BRICKS 


C<)mi>reH8ivc Streiipt h. 
Tons per sq. ft. 





Cnisiiing 

Ultimate 





Commences. 

CTusldng. 


Best London Storks 



84 to 1.33 

10.3 to 180 

1*84 

Common Stocks 



40 60 

80 to 120 

1*84 

Place Brick (underburnt) . . 



10 to 15 

33 

— 

Bourne Hed Wire-cut 



165 to 258 

240 to 359 

1 • 91 

Bed Brick, common 



35 

138 

2-08 

Fareham Reds 



33*5 

103 

— 

Fareham Red Rubbers 



4 

25 to 52 

2* 16 

Fiotton Idght Red . . 



126 to 199 

169 to 239 

— 

Gault 



49 

1.35 


„ White, Wire-cut 



40*5 to 119 

145 to 198 


„ Pressed 

Staffordshire Common Blue 



30 

177 

— 



46 to 240 

137 to 404 

— 

„ Dressed „ 



55 

403 

— 

„ Pressed „ 



78 

275^ 


White Glazed Bricks 



» 69 to 166 

166 to 174 


Brown „ 

Tcrra,*oott<a Blocks . . 



^ 58 

83 





100 to 260 

1 ’ 95 

Dutch Clinkers 



— 

— 

1-71 

Paving Bricks 



— 1 

— 

1*97 

Stourbridge Fire-brick 



90 to 157 1 

1 110 to 209 

2*2 

Welsh Fire-brick 



56 

208 

1*97 to 2-4 

1 





SIZE AND WEIGHT OF BRICKS 

Variety. 

Size in inches. 

Weight 

lbs. 

Weight 
per 1,000 
in c\Hs. 

London Stock 

8'75 

4*25 

2*75 

6*81 

60*76 



8*76 

4*26 

2*76 

7*0 

63 

Fareham Reds 

. 8*6 

416 

2*6 

6*8 

66*2 

.. Rubbers 

10*9 

4*8 

2*9 

8*8 

78*6 

Lancashire Red Pressed Facing Brick .. 

90 

4-5 

3*0 

8*9 

80 

fiCeds Pressed 

9*6 

4-5 

3*6 

10 

80 

Durham Wire-cut 

8*6 

4*0 

2*6 

6*4 

48*2 

,, l^ressed . . 

8*76 

4-2 

2*7 

6*1 

64*6 

Suffolk Brimstone 

9*0 

4-6 

2 6 

6*8 

60*7 

„ White 

9-2 

4*.3 

2*6 

6*8 

66*2 

Staffordshire Paving 

9*0 

4-6 

8*0 

8*9 

80 

,, (thin) 

9-0 

45 

2*0 

6*1 

.66 

Tipton Blue 

90 

4-5 

SO 

10 

' 89 

Adamantine Clinker . . ^ . . 

60 : 

2-6 

1*76 

2 

18 

Dutch Clinker .. 

6*25 

3*0 

1*5 

1*65 

14 
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this being discovered in time, they were rebuilt. 
Tested by hydraulic pressure when six months 
old, the results were as given in the following 
table. All the bricks were wire cut and without 
frogs. 



In Mortar 

In Cement 



1 to 2. 

1 to 4. 

Aver-aRfi 

strength 


Com- 

Final 

Com- 

Final 

of 

single 

Material. 

meiico 

col- 

menee 

eol- 

brick. 

to fall. 

lapse. 

to fall. 

lapse. 



Tons 

Tons 

Ions 

Tons 

Tons 


per 

per 

per 

per 

per 


8Q. ft. 

SCI. ft. 

SCI. ft. 

sq. ft. 

SCI. ft. 

London stoc^ks 

4-18 

10*41 

7 ‘22 

16*03 

84*27 

Ouult 

.5*0(1 

21*82 

0*98 

17*98 

182*2 


«10 

22 03 

7*08 

17*51 

— 

Leieostor rod 

ir>*2U 

29*93 

17*87 

67*36 

392*1 

Ditto 

16*11 

31*65 

21*82 

49*54 


Staffs, bluo . . 

22*43 

69*22 

29*45 

84*47 


Ditto 

21*42 

79*39 

16*91 

61*14 

j 701*1 


Tests of short walls of similar brickwork 
and under similar conditions gave the crushing 
loads in tons per square foot as follows : 


1 

Bricks. 

Lime 

Mortar 

1 to 2 

Cement 

Mortar 

1 to 4 

Stocks . . , . . • 

18*63 

39*29 

(rUlllt .. ., .. 

3114 

51*31 

Klotton 

30 • 68 

56 • 25 

Lcieestor roil 

‘15*36 

83 *,36 

Stafford blue * . . . 1 

1 14*34 

135-43 


C^losers in the bondirig arc found to be a con- 
stant source of weakness, and it is therefore 
desiraV)le to use “ Dutch bond ” where it is 
suitable — that is, a three-quarter brick at the 
angle instead of a quarter brick closer next 
to the corner header. Bricklayers are, as a rule, 
more concerned to show a good appearance 
on the outside than to look upon the Avork as 
requiring to. b(; absolutely solid tliroughout, and 
a very large margin is required for contingencies 
when heavy loads are to be carried. 

Strength of Lime Mortar, Grey lime, 
made from the lower chalk and (tailed stone 
lime in London, is^ that generally used for 
mortar for building purposes. It is technically 
known as a poor lime because it will not bear 
the addition of much sand, the usual proportion 
being 1 of lime to 2 or 3 of sand, and it sots 
slowly on account of the absence of clay in its 
composition. 

It gradually reabsorbs carbonic acid from 
the atmosphere and gains strength by the lapse 
of time. Lime mortar is very seldom tested 
either in compression or tension ; the safe 
working loads may be taken as 50 lb. per square 
inch or 3 tons per square foot in compression 
and one-third of these amounts in tension. Tlio 
weight of lime mortar,' when new, averages 
110 lb. per cubic foot, and when old 90 lb. 
The only record of ultimate tensile stress gives 
50 lb. perisquare inch. 

1 Q 3> 


Lias Mortar. Lias mortar made from 
blue lias lime sets quicker and attains greater 
strength than grey lime mortar, on account of 
(containing a certain proportion of clay in its 
composition. It will also set in a damp situation, 
and is much used in engineering work. The 
safe Avorking loads may be taken as 150 lb. per 
square inch, or 9 tons per square foot in com- 
pression and one -third of these amounts in 
tension. 


WBKIHT AND SPKCrFIO GRAVITY OF TJME. I" 


(Jroy ('hnlk liino (liiinpH) 

Stono liino (hinips) . . 
Quickliino (chalk) 

K<*jLriH (hluo liaH in lump) 
Lyiiio RofjriH (blue lias frcMh 
Kround). 

Keynsham (blue lias in luinp) 
Keynsham (blue lias fresh 
ground ). 


Spetrlflc 

Gravity. 

W'eight. 
lbs. per 
Cub. ft. 

*70 

44 

•S8 

55 

•84 

.53 

• 9 ;) 

.58*5 

■87 

64*5 

1*0 

(>2*4 

•84 1 

53 


Testing Portland Cement. The tests 
that Portland cement has to undergo depend 
to some extent upon the importance of 
the Avork in Avhich it is to bo used. High-class 
cement generally has to undergo the following 
thsts. The fineness of grinding must be such 
that, Avlicn sifted through sieves of various 
si/,eB, the residue shall not exceed : 

\ per cent, with 50 holes p?r lineal inch. 

5 „ „ 75 „ „ „ 

12 „ „ 100 

The time of set when a pat is gauged with the 
minimum quantity of Avator at 60° F. and 
placed on glass siiall not be less than eight 
minutes for the foramencement and not more 
than live hours to set hard, l^ho soundnessy or 
freedom from expansion and contraction, is 
tested by subjecting a pat to moist air and 
warm Avater at 120° F. in a Faija apparatus 
for 24 hours. For tensile strength briquettes 
of neat cement gauged Avith tho minimum of 
water on a non -porous bed and placed in water 
24 hours after gauging, shall carry an average 
strain of not less than 350 lb. per square inch 
after tliree days, 450 lb. after seven days, and 
550 lb. after 28 days from the time of gauging. 

Weight of Portland Cement. Portland 
cement was formerly specified by weight, 
generally from 110 to 120 lb. per Imperial 
striked bushel, and special precautions had 
to be taken to secure uniformity of filling 
and striking to prevent accidental or intentional 
error. It is now usual to describe it by the 
specific gravity, say 3*1, and by the method 
adopted this applies to the ultimate particles, 
not to the bulk, so that there is no direct com- 
parison between the specific gravity and the 
weight of a given volume of cement. 

Apparatus for Testing Portland 
Cement. Complete sets of apparatus are 
provided for conveniently testing cement, as. 
for exam^o [94], by Messrs. George Salter & Co., 
of West Bromwich, but for important works it 
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is usual to send saniidcs of each consignment No. 10, may be used. The maximum capacity 

to a specialist. As in testing other materials, of stress is 1,000 lb. 

so with Portland cement, the time occupied, Roman Cement. Roman cement is very 
or the rale at which the load is applied, affects little used at the present day. It is chiefly 

the result; and there are many other precau- employed for repairing dock and river walls, 

tions that have to be taken to ensure a true where they are subject to a rising and falling 

comparison between various samples. A tide, as the work may be done in portions, and 

diagram of tests made some years ago by Mr. will set thoroughly hard between \ach tide. It 

Grant, of the Metropolitan Board of Works, is generally used neat, or, at the most, with an 

and corrected for probable errors is given in equal part of sand ; but the latter reduces the 

96 . strength considerably. Tlie weight of Roman 

Details of the A.pparatus. The testing cement is from 60 to 100 lb. per cubic foot, 

machine [94] consists of a japanned cast-iron and has an ultimate tensile strength, when 

column, carrying a pair of compound levers, neat, of 120 to 200 lb. per square inch at seven 

having a combined leverage of 50 to 1 . The ^kays. When mixed with an cciual part of sand, 

levers are fitted with tempered stool knife-edges, ultimate tensile strength is reduced to 

which rest on polished concave bearings, also of square inch. A diagram of the 

tempered steel, tlius obtaining a very sensitive strength of Homan cement, from the experi- 

balanco. A sliding halaiiee weight for tlu* menlK by Mr. (Jrant, is given in 90 , hut it 

purpose of setting the levers in equilibrium is shows so much irregularity that no reasonable 

litted to the up[W lever. IMie upper clamp, eorroetion can be made, and further experiments 

to receive the cement briquette, is suspended needed. 

from a knife-edge on the lower lever ; the lower Cement Mortar.* When very strong 
clamp is attached to the base of the column, hrickAvork is h^quired, as in piers for carrying 

heavy loads, or in underpinning, or 
where settlement has to be reduced to 
a minimum, as in bonding to old W'ork, 
it is usual to build in Portland cement 
mortar, the proportion being 1 of 
cement to 3, 4, or 5 of sand, accord- 
ing to oiTcumstances Tt is important 
that only small quantities should he 
mixed at one time, and that it should 
all he used within one hour of making ; 
otherwise, the j)artial setting and 
chopping up again will seriously re- 
duce the strength. In testing cement 
mortar, bri(piettes are made up of 
thn‘(‘ ))arts of standard Leighton 
Buzzard sand to one part of cement 
by weight, hut otherwise treated as 
the briquettes of neat cement. Th • 
average tensile strain they will stand 
must not be less than 150 llx ptu* 
square inch at seven days, and 250 Ih. 
at. twenty-eight days, from the time of 
and is adjustable ])y means of a screw* and a gauging ; but no matter now much greatei* 

small hand wheel. The supply of shot to the strength may bo developed at the earlier dates, 

bucket is automatically cut off at the moment ]>oth neat and sand briquettes must develop 

the briquette bn^aks. an increase of at least 50 lb. between each 

To use the machine the levers arc set float- date. [D. B. Butler.] 



94 . CEMKNT TE.STTNO APPARATUS 


ing ” hy means of the sliding balance w*eight W, 
the briquette placed in the clamps, the bucket 
hung on the bridle B, the small hand-wheel 
screwed down until the end of the lever from 
which the shot bucket is suspended is as high as 
it can conveniently be, and the handle H 
pressed doAvn until the shot flows at the desired 
rate. Imm^^diately the briquette breaks, the 
bucket into which the shot has been poured 
falls upon the lever foot F, the sliding shutter S 
is released, falls, and cuts off the supply of 
shot. The bucket and shot are then weighed 
on a Salter's spring balance, fitted with a special 
dial, on which the breaking strain is indicated 


The effect of ago on neat Portland cement is 
shown diagrammatically by 97 , and the effect 
of mixing sand Avith the cement is shown 
by 98 . 

Crushing tests of the mortar used in the 
West India Dock experiments of the Royal 
Institute of British Architects, referred to on 
page 1519, gave with — 

Lime mortar : 

1 to 2, at 4 weeks . . 6*08 tons per sq.ft. 

„ 12 „ . . 8*73 

„ 24 „ . . 15-72 

Cement mortar ; 


without any calculation. Should the shot 1 to 4, at 4 weeks .. 31*45 

become blocked, and cease to flow, a slight, tap „ 13-7 „ . . 48*52 

Avill restart it. A mixture of shot, No. 6 and „ 24 „ . . 66*15 
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Concrete. Lime concrete, composed of 
one part of stone lime to six parts of burnt (tlay 
ballast, is used by speculative builders under 
footings of walls, whilst in souncl building 
nothing less than lias lime with broken brick 
is used ; but wherever (;oncret(^ is recpiired the 
matrix should be Portland cement. Tin* aggre- 
gate may bo broken brick or stone, flint ballast, 
slag, etc., according to local facilities. A 
certain proportion of sand is always rc<piired 
to fill up the smaller interstices in the aggregate, 
and the latter should vary in size, to render 
the mass as solid as possible, Tlie mixing 
must bo very thorough, and for best results 
the concrete must be gently rammed immedi- 
ately it is put into position. The variation in 
strength, according to the proportion betw'een 
ballast and cement, is shown in 99, and 
Grant’s experiments are shown by 100. 
The safe load may be taken as one-tenth of 
the crushing weight, unless it be mixed and 
laid by specialists, when it would probably be 
equally safe with one- fifth of the crushing 
weight, the explanation of the diflerence 
being that when mixed and laid by ordinary 
bricklayers’ labourere the tabular strength could 



never be reached, and the factor of safety of 10 
would be practically diminished to 5, or less. 

The weight of lime concrete is about 120 lb. 
per cubic foot, and Portland cement concrete 
140 lb. per cubic foot. 


Continued 
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OUTLINES OF EDUCATIONAL TOURS ABROAD 

11 

Itineraries of Travel in Russia and Greece. Holy Cities of the Greek 

ContInufMl from 
pitgel42« 

Church. Hellas, the Home of Culture and the Arts. The Isles of Greece 


By J. A. HAMMERTON and WILLIAM DURBAN, B.A. 


RUSSIA 

The traveller who visits Russia can never 
know a dull moment. Directly we cross the 
frontier we plunge into another world. In 
“ Holy Russia ” wo see the East and the West 
jostling each other, but never mingling. St. 
Petersburg is still, as Peter the Great said of it 
when he founded his new capital, “ a window 
through which the East looks out at the West.” 
Jlussia is the home of the purest mediaevalism 
m full survival, and everywhere we find our- 
selves face to face with the customs of the 
Middle Ages in living presentation. The tourist 
comes under the spell of the peculiar charms 
of the enchanting climate, of the “ white nights,” 
of the vast and lovely forests, of the immense, 
flowery steppes, of the quaint Byzantine ecclesias- 
tical art, of the picturesque architecture, and 
of the genial and hospitable people, with their 
passionate love of music, their singular sujK^r- 
stitions, and their beautiful language. 

A Fortnight in Russia. A holiday of 
two weeks may well be undertaken by those who 
wish simply to see the old and new capitals, 
with Nijni Novgorod and Kazan thrown in, 
or else with a short stay at Warsaw and Oacow 
in Poland on the way out or on the return 
journey. In fourteen days, exclusive of. the 
journeys to and from Russia, which together 
will tate nearly a week, a very enjoyable quick 
round may be accomplished, and Moscow, St. 
Petersburg, and one or two other points may 
be visited and fairly studied. Indeed, supposing 
a tourist visiting Germany can spare only a 
week in Russia, ho may very well spend seven 
days in St. Petersburg and Moscow, although 
he cannot possibly do more. 

First Day. The first six flays would bo devoted 
to sight-seeing in, and excursions from, ISt. Pkteks- 
BURO. The Cathedral of iSt. Isaac, with gilded doino, 
the Sanctuary lavishly adorned with malacliito and 
lapis-lazuli ; the sumptuous ikonostasis ; and the 
throe beautifully decorated bronze doors, whicli are 
the largest in the world. The Nevski Proapekt, throe 
miles long. The Admiralty, with gilded spire. 

Second Day. The Kazan Cathedral, with mag- 
nificent colonnade of four rows of granite pillars, 
its light and brilliant ikonostasis, and its co.stly and 
numerous military votive offerings. The Coatiny 
Dvor, or colossal bazaar. Stchukin and A praxin 
Markets. The St. Alexander Nevaki Monastery, with 
massive silver shrine containing the body of the 
Saint, the bed on which Peter the Great died, and 
many venerated relics. The Zoological Garden 
should be visiteef at night for the curioiw open-air 
entertainment. 

Third Day. On tlje third clay in St. Potei-Hburg, 
visit the Winter Palace. Here, and in the adjoining 
Hermitage, are many of the most valued treasures 
amassed by various monarchs. The Cathedral of 
St. Peter and St. Paul, with the tombs of all the 
members of the Imperial family since the foundation 
of the citv. exoenting Peter II., who was buried at 


Moscow. Peter the Great's Hut containing the boat 
known os “ the Grandfather of the Russian Navy,” 
and many relics of the great Emperor. 

Fourth Day. This would be devoted to an 
excursion to Peterhof, the Imperial Palace, w'hich 
is reached either by rail or by steamer down the 
Neva from St. Petersburg. It is the summer resi- 
dence of the Imperial family. The rooms are full of 
ohjocta of extreme value and beauty from all parts 
of the earth. The gardens are a veritably ymradise. 

Fifth Day. A trip to Kronstadt, the island 
fortre.ss, romantically situated on the Gulf. Note 
Peter the Great’s Statue and Summer Garden at 
the back of the harbour. 

Sixth Day. Excursion by steamer to Schdussel- 
BUKO, at the source of the N<*va, on Lake Ladoga. 

Seventh Day, TIh? next three days would bo 
devoted to Moscow. Tlio Kremlin is the first attrac- 
tion of this historic city. The wonderful buildings 
within the Kremlin are tlio Cathedral of the Assump- 
tion, wliero the Tsars are erownexl ; the ('athedral of 
St. Ivan, W’ith tlie Tsar Kolokol, or largest bell 
on earth, lying cracked at the foot of the tow'er ; 
the Imperial Palace ; the Cathedral of the Archangel 
Michael : the Cathedral of the. Annunciation, etc. 

Eighth Dav. TIjo fantastic Churcli of St. Basil 
the Blessed ; the Great Bed Square ; the Sacred Gate 
of the Ifolq Bedeemer ; the Kitai Gorod, or Chinese 
(’ity, which is the heart of Moscow and the busiest 

} )art, would all claim the tourist’s attention. The 
amous Romanoff House could also bo seen on the 
same day. 

Ninth Day. This wT>uld be taken up with an 
excursion to the Sparrow Hills, whemu? is obtained 
the famous view of Moscow ; visits to the new and 
.splendid Church of Our Saviour ; and the Church of 
St. Nicholas, 

Tenth Day. Trip to Seroiisvo, 60 miles from 
Moscow, by rail. Hero is the celebrated ancient 
monastery of the Holy Troitsa, nt once one of the most 
sacred places iii Kiissia and one of the ancient 
fortresses. Its walls, throe miles round, its fortifica- 
tions, its great tjonvents wdth 2,000 monk.s and nuns, 
its relics and trensures, and its shrine of St. Sergius 
in one of the five cathedrals within its walls, make 
it one of the greatest pilgrim resorts of Russia. This 
place should not bo missed by the tourist who desires 
to see Russian life. 

Eleventh Day. Ni.tni Novgorod. In the lattw 
end of summer, the (Ireat Fair is held here. It is 
the largest in the world, and is of incomparable 
interest. The old town, on its amphitheatre of hills, 
is a place wonderfully situated, at the junction of 
the grand Volga and Oka Rivers. The old Kremlin, 
with its Cathedrals, is of immense antiquity, and full 
of national associations. 

Twelfth Day and Thirteenth Day. Sail down 
the Volga to Kazan. A delightful river trip, on 
Europe’s grandest stream. The old Tartar Citj^ at 
Kazan is one of the most singular sights of Russia. 
The tourist will return by night train to Moscow\ 
And thus he has spent a fortnight in Russia, and has 
gained an excellent aecpiaintance with one of the 
world’s most interesting lands. 

Longer Tours. Three weeks in Russia 
would enable the tourist to see Kieff, the most 
famous of the holy cities, with its revered 
shrines, or lavras, and also to visit Tula, the 
“ Birmingham ’* of Russia, and Yasnaya Polyana, 
the estate near by belonging to Count Leo 
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Tolfitoy. tn addition, a couple of days might 
bcL devoted after leaving Russia to the charming 
capital of Poland. For Warsaw repays a visit 
as well as any cit5y in Europe. 

A month would allow the traveller to extend 
his journey so as to take in a glimpse of the south, 
seeing Odessa on the Black Sea and the beauty 
spots on the (Crimean Riviera. Tiivadia, where 
the Imperial Palace is situated, and Sevastopol 
may thus be visited. 

Travel and Expense. Jn Russia, so 
vast is the ten’itory, and so far apart are the 
chief centres of interest, that much time is 
necessarily spent in railway travelling or in 
voyages on the great rivers. But the accommo- 
dation is luxurious, alik(* on the trains and in 
the magnificent “ palace steamers,” which re- 
semble those of America. The little “ droshky,” 
the national eab, is an (exceedingly cheap 
conveyance, used oveaywhero in the cities, in 
which also electric tramways abound. The 
long journeys should be undertaken by nigbt 
in the sleeping cars, or on the steamers, as valu- 
able time is thus saved, and Russia is not a land 
of grand scenery. Its “siglit.s” are its cities, its 
churches, its palaces, its anciiuit, vast, and 
marvellous monasteries, and its curious phu'cs of 
popular ontertainmimt. Theses atford ('iidlt'ss 
interest, while the phases of native lite till 
the mind of the ohst'rver with constant wonder. 

The cost of travel in Russia must bo reckoned 
at about a pound a day. Tlu^ fare to St. Peters- 
burg from London is, by the (^alais-Cologne- 
Berliu route- -1st class, £11 I Os. 2d.; return, 
£18 13s. 4d. ; 2nd class, £8 8s. 6d. ; return, 
£13 (Is. 1 1 d. But from I .ondon or Hull by steamer 
the charge is only £5 los., return £9 I0.s., and 
the voyage through the Baltic is delightful. 

Hotels and Food. The hotels in the 
large cities of Russia are generally excellent. 
Nearly all the waiters are young Tartars, who 
are first-rate servants. Very good restaurants 
abound. Russia is a land of rich and gross 
abundance of food. All sorts of pc^culiar 
national dishes astonish the vi.sitor from the West. 
Sterlet and sturgeon are constantly ]>hv txl on 
the table, deliciously prepared. Idle popular- 
soups — “ borsht ’’ and “stchi” — are always in 
evidence. Mushrooms arc gathered in enormous 
quantities, and served up in endless varieti(‘S 
of dishes. The tea is excellent, prepared in the 
national utensil, the “ samovar.” It is usually 
taken with a slice of lemon in it, without milk or 
sugar. The famous, but deleterious spirit, 
“ vodka,” should be shunned, but many varieties 
of the drink called “ kwas ” are both delicious 
and harmless. 

Liiterature. Books on Russia are now 
numerous. “ Russian Rambles,” by Miss Hap 
good ; “ Moscow,” by Wirt Oerraro ; “ In 

Joyful Russia,” by J. A. Logan ; “ Rus.sian 
Pictures,” by T. Mitchell ; “ Russian Life in 
Town and Country,” by Francis H. E. Palmer ; 
“ Out of Doors in Tsarland,” by F. Whishaw ; 
Miss Morris’s “ Summer In Kietf ” ; and, above 
all, Wallace’s great work in two volumes, 
entitled “ Russia,” should all be studied. 


GREECE 

Year after year the classic realms of Greece 
are frequented by increasing numbers of tourists 
impressed by the wish to make acquaintance 
with the matclile.ss archit(»etural memorials 
of Hellenic genius. Whether we tread the soil 
of the Pcioponnesu.s or the Morea, of A('haia or 
of Argolis, of the Hydra Country which was the 
land of Hercules, or of Agamemnon’s kingdom 
round Myeena?, w(‘ come alike under the glamour 
of the world’s golden age of po(‘sy and mytliology, 
and we feel the spell of Pericles and Demos- 
thenes in Athens, and of Herodotus and Thucy- 
dides in all the magic regions where romantic 
historie.s have left their monumental vestiges. 
A tour in Greece, the “ Holy Land of the Ideal,” 
i.s one of the chief e.s.s(mtial.s in a complete 
(educational programme of travc'l. V'e go to 
b(‘autiful Hi‘llas to .see the memorials of .some 
of the most wonderful “ Iw'ginnings of history.” 
But apart from its associations with the imperish- 
able heroism ot antiquity, modern Greece i.s 
replete with unique (^harm.s that a})])eal to every 
cultured mind. Pctvnnial sunslnm*, lnv(dy 
mountain ranges, valleys abounding in flowers 
and fruits, and a most picturesque^ p(‘.ople, 
speaking tbo melodious tongue directly descctided 
from the diction of Homer and So})hocli*.s, all 
(iontribute to th(‘ ))eeiiliar attractions of the 
little (‘ountry fringed by a gloiious archipelago. 

Many tourists mauag(‘ to s])are a week in 
(b’oeoo on their way further (‘astvvard. 'riiis 
shows only a very small fraction of the country, 
but even so brief a visit is a (h'lightful episode. 
During a week the Li rams, .\thens, Nau])lia, 
Kleusis, Daphne, (Joriuth. and Patras can be 
seen, although the glimj)so of each of these 
places will, of course, he hasty. But the 
round can be aceomplisluHl, as th(‘ distances 
ar(3 very short and communication is easy. 

A Fortnight in Greece. Two we(^ks 
afford excellent scope for viewing many of the 
spots that appeal most pow('rfully to tlu' interest 
of the visitor. 

Fik.st Dav. I’he riit.F.tTs in tlu‘ gn>i: hurl)OUi‘ 
coinnamced by Tlutojistoclos. 'I'raiii journey of half 
nn hour to Atiikns. Hero the \isilor in iu the uiiilnt 
of u world of wond('r8. 'J'ho ArrupolLs, crowned by 
tho wliito marble Pdrthcntiu, (Tcj-tcil in lioiiour of 
Minerva. (,UuHtcring on and about tho Acropolis are 
IliH Temple of Victory, tbo Kn lifn um. and tho 

Propijhm. Tbo view from the* summit i.s glorit)Urt. 
The* Ptnjr, Hill, n.ssoclatcd with tJic ('bupiotico of 
Demiostlujnos and I’oriclos ; tl)(‘ Puna, wbonco tho 

orators spoke', intux't in its stops to-elay ; Mars Hill, 
or the* Areopagus, with wliich the rianu* of tlu* Apo.stlo 
is f(»r over (:<>nnoctod, tit'or by. The* Prison of 

Socrates. 

8k(:()ni,> Day. On the .second day in Atb«*n.s, 
visit the Tomplo.s of liacchus and of Dionysus. 
Theno are perfect white marble specimens of the oj)on- 
air theutro.s of tlm anci lit HcIIcuch, where Uio 

tragodio.s of .Ksehylus, the comedies of Arist ipharics. 
etc., were aeteil. Tho Porch of lladr an ; the 
Panathenaic Stadium ; tlie hoautifiil Temple oj 

Theseus, almost tho oldest edifice in Atliens, and tin* 
most absolutely perfect. 

Third Day. The third day in Athens will lie 
devoted to the House of Dr. Schliemann (permission 
being obtained from Madame Schliemunn to view 
tho wonderful musoum' here), the Hayia Triada, or 
Holy Cemetery, unearthed a fow yoau’s ago, containing 
the wonderful old Street of Tombs, all with figures in 
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.high relief, life aisse, white marble. The CToups are 
.marvellous and most pathetic ; the Royal Cardens ; 
the Mtmeum, containing a magnificent collection of 
autiquiticK. 

Foohth Day. Extjuraion to Nkw lhfALEin>v. by 
light railway. ITere a deligijtfiil Hoadiatli may be 
enjoyed. 

P'lFTH Day. Excursion to Eleosis. Wonderful 
ruiiiH str(!w the route along the Saa cd lEr/j/ to the 
Rcono of the ancient P^l<Misininn Mysl cries. Tho r lad 
goes through tho ]irotty Pass of Dufthne. Ora?id 
view from th(» lop of the Puj^s. Mmn.der't of Da >hnc. 
Elfusis, the birthplnco of .EschyluH. Here are the 
inuKsive ruins of tho Great Propyhe i. built by fladrian, 
of the Lesi^er Propi/lfrM, with tho chariot ruts made 
agcH ago, tho [)lateau whoro atood tlu» great atid 
famous Temfdc of the Mysteries, and the (.'hapel of 
the Panayia ; here, also, is a small Temple vf Artemis. 

yiXTii Day. Excursion to Marathon. This can 
be done by a carringo in a day. From tho ritlgo 
over which tho road passes is <»btaine(l a niagnili- 
eent view of sea, islamls. ai.d in nmtains. The 
stopping-plac.c is a solitary farinlamse in the middle 
of the Plain of Marathon ; elose by is a n»oim«l 
called ISoros, from tlic top of which is secured a survey 
of tho whole Buttleliold of Marathon, where was 
s(»ttlod tho fate (jf (lree<!e. This is the mound 
erected over tho hoilies of tho Atlionians who fell in 
tlio jnomentous fight. 

Seventh Day. (Corinth. An interesting day 
may he s[)ont in walking about tlm t(uvri «if New 
Corinth. The little sho])s. the curious little houses, 
llu' o\ens in the middle of th<* stn'ets, and tho 
typical native market, with fanners, pcasant.s, and 
their wiv(*s and daughters in national co.stiiines, arc 
sp<*cinlly attractive to the stranger. 

Eighth Day. The village of Old Corinth. Tlu- 
<hiy will ho spent, after seeitig the wonderful ruins 
of an ancient Temple, and a visit to tho Hath of 
Aphrodite, in an exiRirsion to tin) majestic .Irro- 
Vorinth. Th<' ascent is n »t arduous, and tho view 
from tho summit is by man'* •<*.ousidored tlui numfc 
inarv<*llouH in Europe. It embraces tho .siiow*cln<l 
PurnasHus, and tho beaut ifnl ranges td Lykabett(*s, 
Hymettos, Luurioii, Helicon, and Kithairon. In 
dosiR'iiding, we visit tho famous Pountahi of l*irenr, 
fabled to have gushed forth from tho stroke of tin* 
hoof of Pegasus. 

Ninth 1)\y. This day will bo spent in tho long 
carriage drive from Corinth to ]Myc(Mia', 'riryus. and 
Naiqilia. Such a day is seareely to he rivalled in 
any tour. The journev takes the traveller amongst 
tlR' njost curious prehistoric cities. .‘\t Mycen-E, 
v\o are in AganRunnou’s land. Hero is one of tlu 
(yylco])a^nn cities, another k-eing at 'riRYNs. The 
Treasury of Atreus and Ayanicmnon' s 't'ornh are 
among the wonderful relics of the Homeric .Ago at 
Myc’cuie. Hetweoii .Myctaur au<l Tirvin, the road 
runs through tlu; Land of llie Hy<lrji, the scene of 
the exploits of Hercules. .After siM'ing tho C cfopnan 
P lurv at Tiryiis, the tourist arrives in the evening 
at Naui'I.ta. 

Tenth Day. Tlie tenth day affords an enjoyable 
opportnuitv of staving at the luMUitifidly Hituated 
niarin»‘stron>'’'' Id of Southern Greece, NATJrLiA. Tho 
Acropolis, and tho Fortress of Palamid. 

Eleventh Day. By train from Nauplia to Arijos. 
The 'voiulerful aneieut Grc<-k Theatre, whieli would 
liold 2(),00H spc’clators ; the lofty Acrojmlia on the 
Hill of Larissa ; grand view from tho sunimit. 


Twelfth Day. Train to Kalamata. This is a 
pleasant port. From this point* an excursion i« made 
to tlu* Ruins of Messene, tho ancient canital of 
Messiiiia. Seven of tho original thirty gratis towern 
Mtaiid in tho midst of the spl<'ud,id romain.s of tho 
rival to Sparta. On a hill n -ar by, the Monastery 
of Vurhann giv’os a noblo view of the wurroundiiig 
beautiful district. Note tlie fine old Arcadian Gate ; 
tlio ancient Theah'r, an ivied ruin, and tho ,'StadiUm* 
Return to Ka'atratu. 

'riiiRTEENTH Day. Proeoc^l to Meuara ; a most 
interesting town of H.OOO iidiabilants, with fine 
ronutins of tho grand niu’ieiit town. Tho Platia, on 
the .site of tho ani‘i<Tit Ag >ra. At Easter, tlio famous 
dances nf the sj'umou are porfrirmed at Megai’a, and 
thousands Hock to wiliu'ss them. 

Fourteen*!’!! Day. Return to Athens. 

Longer Tours. Three weeks will give 
the tourist a very excellent extra opjiortunity 
of seeing other most desirahlo points of interest. 
The third week could he h'yit used for visiting 
Sparta, Ithoine, Taygetus, Olympia, and Patras. 

h month would cii ihlo the trav(*ller to add to 
his oxperi(*nces by a supplement ary week for a 
trip throii‘,di eortain clissirr norlliTii districts, 
including Delphi, the regitin roun I Parnassus, 
Orchomenos, 'Fhei m ifiyla*, 'fhebes, and Platsea. 

Travel and Expense. 'I'hc pleasures 
of travelling in Greece are enhniiecd by the 
peculiar comlitioiis of daily life. The people 
commonlv drink wine called resinata,” because 
it is strongly flavoured with lesin, as they 
imagine this is henefieial to their h('allh. Very 
little tmllcr is cal(‘n. Fruit is very plentiful. 
The cost of travelling is somewhat high, for 
much of it must he doruj by carriage driving, 
and a gnidt^ is necessary everywhere. The 
expense shouM not bc! reckons 1 at less than 
.‘WKh. a <lay on the average. A 1st class ticket 
from London to Athens by the cheapest route 
costs £14 His. 4d ; 2inl (*lass, £1(1 8s. Sd. 

Language. The jileasuro of a visit to 
(Jreeco is immensely ('uhanced by a little ac- 
quaintance with the language. Anyon*' who is a 
scholar in an^’ient Greek can in a very few weeks 
acquire, an elementary knowledge of Romaic, 
or modern (^freek, for this is wonderfully similar 
to the ]) i:iiitive classii^ language. The natives 
are spc(*ially pleased to give attention to those 
wdio have taken tlie trouble to indco some 
acquaiiitaneo with tlieir heaulifuJ dialect. 

Literature. Hooks on modern Greece 
arc, ahumlant. Amongst the best for the 
intending t iav(*U(ir are Diehl’s “Excursions in 
Greece,” Lord Carnarvon’s “ Athens and Morea,’"' 
Agnes Smith’s “ Greek Life and Scenery,” 
Barrow’s “ Isles and Shrines of Greece,” Arm- 
strong’s “ 4’wo Kn dish women in Greece,” 
Tuekerman’s “ Grei‘ks of To-day,” Jebb’s 


“ Modern Greece,” and Millar’s ” Greek Life.” 
CoiUimtei 
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CHOICE AND USE OF A TYPEWRITER 
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TYPEWRITING 
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By MARGARET LILLIE 


IN this course it is intended to deal with the 
business of typewriting in such a way that the 
student may bo enabled to apply the general 
principles set out to any particular machine ho 
wishes to use. 

There is great similarity in the construction 
of typewriters, and a general knowledge of the 
fundamental principles of one machine will, to a 
large extent, apply to all makes. 

The Mechanism. In the first place it is 
necessary to understand something of the process 
which goes on from the time the key is depressed 
to the actual impression as we see it on the paper. 
There is nothing very complicated in a type- 
writer, but sometimes the simplest misplace- 
ment of a part will make good work a sheer 
impossibility ; and as it is not always con- 
venient to wait for help, a little trouble in 
the beginning is its own reward. 

From each key a lever projects horizon Uilly 


by a mainspring, which is automatically wound 
up every time the carriage is pulled to the 
right. The movement, step by step from right 
to left, is governed by the action of the dogs as 
already described. 

The art of typewriting is so apparently 
easy that pupils are apt to underestimate the 
difficulties which aw ait them ; and this is the 
cause of much of the unsatisfactory work- 
manship of which business men so frequently 
complain. Too little time is given to study* and 
the result is work which can give satismetion 
neither to the typist nor to the person for whom 
it is done. There can be little pleasure for the 
operator who has to turn out a considerable 
amount of work a day if that work, through 
incompetency, is irksome. Whatever difficulties 
have to be overcome are^ very materially 
minimised if the typist is master of the 
machine ; and the effect of a batch of beautiful, 



THE “ STANDARD ” KEYBOARD 


to the rear. From the middle of this rises a 
connecting rod, at the end of which is a type 
bar, conesponding with the letter on the key. 
This key-lever is pivoted, so that when the 
key is depressed, the type bar approaches the 
printing point, and the typo at its end strikes 
the ribbon, leaving an impression on tlie 
paper. Obviously another movement is now 
necessary to prevent the next letter .striking 
the paper in the same place. This is effected 
automatically in this way. Under all the key- 
levers is a horizontal bar, extending from side 
to side in the machine, so that when a key is 
depressed, the bar also is depressed. The latter 
pulls down its connecting rods, and they in 
turn rock an escapement, the most important 
feature of which is the dogs, one of which is 
loose, and the other rigid. These dogs, when 
they rock, allow the carriage to move the 
width of one letter, so that at each step the 
type prints at a different point. The force 
necessary to pull the carriage along is supplied 


regular manuscript is ample reward for a hard 
day’s work, w hatever it may have cost in labour. 

Choice of a Machine. It is difficult, 
and perhaps unnecessary, to offer advice on the 
selection of a machine. There are four or five 
machines on the market which are pretty 
certain to turn out good w’ork. But the matter 
of price, which is a consideration wdth most people, 
is a difficulty which has still to bo overcome. 
For the man who can produce a reliable machine 
at half the cost of those at present available 
there is a fortune which has been waiting for 
years. A typewriter, oven the cheapest, is not 
an inexpensive luxury. The cost of any of the 
leading makes runs to about twenty -one guineas, 
although, for certain purposes, some of the 
cheaper ones offer all the facilities needed. 

As far as the make is concerned, the choice 
turns practically on three points — m., type, 
double or single keyboard, and price. The 
typo is distinctly a matter of taste. Some 
people prefer a small, neat type ; others find 
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.merits in a larger one. So that the only serious 
point to be considered is whether a double key- 
board is preferable to a single one. On this 
point exports disagree, but there are obvious 
advantages in the double keyboard for certain 
kinds of work — where, for instance, figures are 
largely used. 

Sometimes a machine may require to be 
carried from^ one place to another, when 
consideration must be paid to its weight. But 
for ordinary commercial purposes the choice is 
mainly one of taste. Any of the leading makes — 
Remingtons, Smith-Premiers, Yosts, Barlocks, 
Olivers, and others — will give good results, pro- 
vided, of course, that the machine is handled by 
a skilful operator. 

Care of the Machine. The importance 
of keeping the machine absolutely free from dust 
cannot bo too highly insisted upon. No ma- 
chinery is impervious to the effect of dirt, and if 
a typewriter is to give good value for the money 
expended upon it, great attention must be given 

this point. 

In the first place, it should be thoroughly 
dusted each day, and the “way” rods rubbed 
over with a greasy rag. The use of too much 
oil is as bad as, if not worse than, too little, 
and this should not be forgotten in oiling 
all parts of the machine. The “ dogs ” should 
be lubricated, say, once a wqek, and the 
“ type bar bearings,” etc., very occasionally. 
For this, a small oil -can which the makers 
supply should be used ; and any superfluous oil 
remaining on the parts should be wiped off. 
When dirty, the type itself should be brushed, 
and, as often as necessary, the dirt which will 
accumulate in the centre of the letters should 

wicked out with a brush. 

The Keyboard. When the student has 
made himself as familiar with the mechanism of 
his machine as possible, ho should turn his 
attention to a study of the keyboard. He 
Vill notice that the alphabet is not arranged 
consecutively from A to Z, but in a way which 
allows certain convenient combinations of letters 
to come together. The standard keyboard is 
the result of the arrangement finally adopted by 
experts as the best possible for facility and 
speed, allowing, at the same time, alternate 
manipulation of the hands. 

The arrangement also prevents, as far as this 
can be done, the possibility of the type bars 
clashing one against the other when worKing at a 
high speed — say, of 70 or 80 words a minute. 

Single and Double Keyboard. In 
machines which have a double keyboard, the 
working is easily understood, but to a beginner 
the “ shift ” key of a single keyboard may at 
first present some difficulty. 

In a Remington, for example, there is only 
one shift key, which is duplicated for either 
hand. The Keys, as they stand, represent the 
small letters. Each type letter has two 
characters ; by pressing down the shift key 
with one finger the carriage is moved forward, 
allowing the capital letters — or figures, as the 
case may be— to come into gear, and prin' 
through the ribbon on to the paper. 
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In other makes the keyboard has two shift 
keys, in which case one is confined to capital 
letters and the other to figures and punctuation 
marks. 

In spite of the fact that the standard keyboard 
appears on nearly every machine on the market, 
for special commercial or foreign work special 
ke 3 m can be substituted for others which may 
be useless to the operator. Accents for foreign 
words, for example, can always be added to a 
machine at very little additional expense. 

Ribbons. Ribbons can be purchased from 
the makers who supply the machine. They 
cost Ss. each, but a reduction is offered if half a 
dozen are purchased at a time. To the un- 
initiated this may sound somewhat alarming ; 
but, as a matter of fact, a ribbon lasts a con- 
siderable time ; it moves with the carriage as 
each key is depressed, so that the wear caused 
by the continuous striking is evenly distributed 
along its whole length. In some of the newer 
machines this movement extends from top to 
bottom of the ribbon in addition, so that every 
part does full service. 

The ribbon is held by means of a “ spool ” 
on either side of the instrument, and the ends 
are caught by little metal clips. These are 
very simple in construction, and quite easily 
adjusted when the ribbon requires to be re- 
placed by a now one. 

All makers supply copying and non-copying 
ribbons. It is also possible with some makes 
to use two-colour ribbons, which sometimes 
help to improve the appearance of special work. 

Feeding. In feeding the machine — that 
is, fixing the paper in position — it should be 
noticed that, in order to get it the right way up, 
the paper should be hold behind the roller 
upside down, with the heading towards the 
machine, and then inserted in position between 
the “paper-shelf” and the roller. 

If the paper in use happens to be a plain 
sheet, it will not, of course, matter which end is 
fed into the machine, except that the student 
should always remember to use the right side of 
the paper. The wrong side of a sheet is rougher 
and generally less shiny than the other, so that it 
can be readily distinguished. A sure way, when 
possible, of finding the right side of a sheet is 
to notice the water mark, and to write on that 
side on which the wording reads correctly. 

The Bell. Every machine has a bell, 
which rings automatically, and acts as a warning 
to the operator that he has nearly reached the 
end of the line. In this way he is enabled 
to judge the best way of splitting up certain 
words which may have to be divided. 

There is no such convenient device for telling 
the operator when he has reached the bottom 
of a sheet ; but experience will soon teach him, 
by the hollow sound which he will quickly learn 
to recognise, that the line he is writing is the 
last one which the paper can take. 

Touch. We have now reached one of the 
most important considerations in our study. 
To ensure perfect work it is not sufficient 
merely to depress the keys. In the first place the 
operator must realise the importance of touch — 
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THE FARTS OF A TYPEWRITER 
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that is, he must remember that nothing is so 
essential in typewriting as the cultivation of a 
firm, even touch. The hands should be held 
as close to the keyboard as possible, and the 
key struck sharply and then instantly with- 
drawn. This is not quite so simple as it sounds, 
when it is remembered that the depressions must 
be very evenly timed, as the student will ac- 
knowledge when he begins to acfiuire speed. 

Accuracy and touch must ne.ver be sacrificed 
to speed ; when the student realises this truth 
he >vill have mastered the first essential of 
good work. Punctuation keys should be struck 
much more lightly than others, so as to avoid 
the marks which one sometimes sees on the 
back of imperfect copy. 

Fingering. The question of fingering is 
one which has caused no small amount of con- 
troversy among experts. Bow many fingers 
shall be used ? And how shall the keyboard be 
portioned out to each ? 

The thumbs are, of course, reserved for the 
“space bar,” right or left hand being used as 
is most convenient. 

It would not be wise to lay down a hard and 
fast rule for fingering, especially as we are not 
dealing with any machine in particular. The 


point to be remembered is that one should 
endeavour to use as many fingers as possible, 
in order to cover the keyboard in the shortest^ 
possible amount of time. The first, second, ai^d 
third fingers should certainly bo used, though 
it is quite true that high speed is attained 
by operators who advocate the use of two 
fingers only. If, after a reasonable amount of 
practice, the student* finds any difficulty in using 
the third finger, he should certainly abandon the 
idea, and employ only the first and second. 

The first fingers, being naturally the strongest, 
should monopolise the greatest proportion of the 
keys in the centre of the keyboard, the re- 
mainder being split up for the other fingers. 
If the student at the beginning marks out for 
himself such a plan of fingering, and keeps 
rigidly to it Until it is familiar to him, he will 
find that each finger unconsciously confines 
itself to its own particular letters, and he 
will be laying the truest foundation for the 
acquisition of speed. 

There are not many operators who are able 
to use four fingers, but it is a consideration 
from the point of view of speed if this can be 
done. In the case of single keyboards the little 
finger is used for depressing the shift keys. 
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Rules for Making: Stock, Milk Puddings, Pastry, Batters 

COOXERT 
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Rules for Making Stock from 
Fresh Meat 

L Us© good fresh ingredients, and see that 
t he pot is clean. 

2. With one quart of cold water use one pound 
of raw meat and bones. 

3. Chop the bones small, cut the moat into 
small pieces, and let these soak a little in cold 
water before cooking. 

4. Leave the vegetables whole, after cleaning 
them, or merely cut them in halves. Add them 
when the stock has boiled and been skimmed. 

5. Take out the vegetables when they are 
tender, as by then their flavour will have been 
extracted, and they will then absorb the flavour. 

6. Bring the stock slowly to the boiling 
point. 

7. Simmer it steadily, unless much bone is 
used or gristly portions, W'hen it must boil more 
quickly to soften the gelatinous matter. Gelat- 
inous stock is very digestible, but contains less 
flavour and nutriment than if made from lean 
meat. 

Rules for Baking Milk Puddings 

1. Use barely two ounces of rice, sago, tapioca, 
semolina, etc., to each pint of milk ; otherwise, 
if more be taken, the starch grains, which swell 
to about three times their original size, have not 
room to swell. 

2. Cook milk puddings very slowly, so that 
the starch grains have time to soften, swell, 
burst, and thicken the milk, making it rich and 
creamy before the latter is wasted by evapora- 
tion. 

3. If eggs arc added, specially slow cooking is 
needed, and the mixture should be cooked 
before the beaten egg is added, or it will curdle. 

4. Small grains and powders, such as semolina, 
small sago, cornflour, etc., should be boiled 
first in the milk before being put in the dish 
or they cook unevenly. 

Rules for Reheating Cold Meat 

1. Cut off all bones and rough pieces, put 
them into a pan with enough cold water to 
cover them, add a little salt, onion and parsley, 
and boil them down for stock. 

2. Always use this stock for gravy, never 
water, or the dish is weak and insipid. 

3. Do not put the moat into cold gravy, or the 
juices will be extracted and the meat rendered 
tasteless ; nor yet into boiling gravy, or it will 
be instantly hardened and made tough. 

4. Carefully fry the flour used for thickening, 
so that the gravy is not too pale or dark ; also 
see that it is of a good consistency— not watery, 
nor yet like porridge. 

5. Remember the meat has already lost some 
of its flavour in the first cooking, so somewhat 
high seasoning is required. 
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6. Also the meat is already cooked, so it must 
only bo reheatedy on no account recookedy not 
even gently simmered. 

7. Let the meat of curries, hash, etc., remain 
in the gravy long enough to be well flavoured 
by it. 

8. Where meat is to be exposed to great heat, 
either by frying or baking, protect it by a cover- 
ing of egg and crumbs, potato or batter, etc. 

Rules for Making Pastry 

1. Make it in a cold place if possible. 

2. Keep bands, utensils, and ingredients as 
cool as possible, or the pastry becomes heavy. 

.3. Rub in the shortening lightly with the 
tips of the fingers, as they are the coolest part 
of the hand. 

4. Add the water carefully, so as to avoid 
making the pastry either too dry or moist. If 
the former, it will be hard and chippy ; if the 
latter, heavy and sodden. 

5. Handle pastty as little and as lightly as 
possible. 

fi. Use the rolling-pin lightly, and with even 
pressure. 

7. If baking powd(T is used, bake the pastry 
as soon as possible after adding the moisture, or 
the carbonic acid gas thrown off the baking 
powder, when moistened, will have forced its 
way out of the paste, and the effect of its action 
will be lost. 

8. Bake pastry in a very hot oven, to expand 
the air in it and thus lift uj) and lighten the 
flour. 

Rui.?:s FOR Batters 

1. As the name indicates, all these mixtures 
must be thoroughly and correctly beaten, in order 
to introduce air into them, for, as this air forces 
its way out of the batter and expands with heat, 
it naises it, making it light. 

2. Eggs and milk must be stirred in gradually 
and smoothly, or lumps will be formed. 

3. Never add more than half the liquid 
before beating, or it will be so thin that it will 
splash; also it cannot, for the same reason, 
form a sufficiently strong film round the air 
bubbles to retain the air which will be beaten 
out again with the next blow of the spoon. 

4. After all the liquid is added, batters 
should stand if possible, because starch grains 
soften and swell in cold liquids, thus rendering 
their cooking more quickly and more easily 
performed. 

,5. All batters become tough speedily as they 
cool, and therefore must be served Immediately. 
Rules for Cake Making 

1. Use good ingredients, dry flour, clean 
fruit. 

2. Beat eggs, butter, and sugar well to lighten 
the cakes before the flour is added — not after- 
yards, or the cakes will be heavy. 






TABLE OF PROVISIONS FOR EACH MONTH OF THE YEAR 


Meat. 

Fish. 

Poultry. 

Game. 

Vegetables. 

Fruit. 




January 



Beef 

Mutton 

Pork 

Veal 

i 

Brill, Cod, Dory 
Haddocks, Flounders 
Eels, Mackerel 
Herrings, Soles, Mullet 
Turbot, Smelts, Sprats 
Whiting, Plaice 
Whitebait, Oysters 
Lobsters, Prawns 

Turkeys 

Fowls 

Geese 

Pigeons 

Rabbits 

Partridges 

Venison 

WUd Duck 

Quails 

Widgeon 

Pheasant 

Snipe 

Artichokes 

Brussels Sprouts 
Cabbages, Carrots 
Celery, Caulittowers 
Leeks, Onions 

Parsnips, Spinach 
Turnips, Scakalo 
Tomatoes, Salsify 
Swedes 

Apples, Oranges 

Nuts, Fears, Grapes 
Bananas 

Forced Rhubarb 
Pineapples 

Italian Figs 




February 



Beef 

Mutton 

Veal 

Pork 

Brill, Cod, Cockles 
Crabs, Flounders, Eels 
Haddocks, Halibut 
Hake, Herrings 
Lobsters, Mackerel 
Mullet, Mussels 

Oysters, Pike, Perch 
Plaice, Prawns, Salmon 
Shrimp'^ Soles, Sprats 
Tench, Turbot 

I^emon Soles, Whiting 
Crayfish 

Capons 

Chickens 

Ducks 

Geese 

Rabbits 

Turkeys 

Guinea Fowls 

1 Hares 
i Partridges 
Pheasants 

Plo\er8 

Snipe 

Woodcock 

Beetroot, Broccoli 
Cabbages, Carrots 
Celery, Celerlac, Leeks 
Lettuces, Onions 
Mushrooms, Parsnips 
Salsify, Seakale, Sorrel 
Sprouts. Turnips 
Shallots 

Apples. Oranges 

N uts of all kinds 
Winter Pears 

Forced Rhubarb 
Pines 




March 



Beef 

Veal 

Mutton 

Pork 

Lamb 

Dorj’, Eels, Flounders 
Mackerel, Haddocks 
Scallops, Shrimps 
Sprats, Trout, Turbot 
Smelts, Lobsters 
Oysters, Crawfish 
Crayfish, Whitebait 

Chickens 

Ducks 

Geese 

Fowls 

Black Game 

Wild Duck 
Capercailzie 

Hares, Teal 
Widgeon 
Woodcock 
Ptarmigan, Quails 

1 

Artichokes, Asparagus 
Beetroot, Cucumbers 
Shallots, Leeks, Kalo 
New Potatoes (from 
Jersey) 

Salsify, Spinach 
Tomatoes, Mushrooms 

Apples, Oranges 
Pears, Bananas 
Grapes, Cape Fruit 
Forced Rhubarb 
Russian Cranberries 
Seville Oranges 




April 



Beef 1 

Mutton 

Pork 

Veal 

Lamb 

Whitebait, Turbot 
Trout, Smelts, Shrimps 
Salmon, Scallops 
Oysters, Crab, Cod 
Mackerel, Had<iocks 
Flounders, Gurnet 
Halibut 

Chickens 

Fowls 

Ducks 
Ducklings 
Guinea Fowls 
Rabbits 

Ptarmigan 

Qualls 

Wild Geese 

WTId Duck 

Black Game 
Prairie Hens 

Artichokes, Beetroot 
Cucumber, Carrots 
Chervil, Seakale 
Lettuces, Leeks 

Onions, Parsnips 
Salsify, Spinacli 
Asparagus 

Savoys, Tomat#>es 
Turnips, Mushrooms 

Apples, Bananas 
Oranges, Grapes 
Pears, Lemons 

Limes, Rhubarb 
Grape Fruit 
Cranberries 




May 



Beef 

Mutton 

Lamb 

Pork 

Veal 

Brill, Crabs, Eels 

Dory, Gurnet 

Halibut, Lobsters 
Herrings, Mackerel 
Plaice, Prawns, Soles 
Salmon, Trout,Whlting 
Whitebait, Smelts 

Chickens 

Ducklings 

Babbits 

Guinea Fowls 

1 

Leverets 

Quails 

1 Plovers’ Eggs 

Artichokes. Asparagus 
Beetroot, (Carrots 
('ucumbers, Leeks 
Lettuces, Spinach 
Turnips, Corn Salad 
Radishes, Onions 
Tomatoes 

New Potatoes 

Apples, Bananas 
Grapes. Gooseberries 
Rhubarb 

Oranges, Pineapples 

1 Forced Strawberries 
Currants 




June 



Beef 

Mutton 

Lamb 

Veal 

Brill, Haddocks, Carp 
Gurnet, Halibut 
Mackerel, Plaice 

Salmon, Soles. Shrimps 
Turbot, Trout 

Whiting. Whitebait 
Crabs, Prawns 

Chickens 

Capons 

Ducks 

Goslings 

Turkey poults 
B,.bbits 

Hares 

Quails 

Venison 

Plovers' Eggs 

Asparagus, Beetroot 
Carrots, Cucumbers 
Cabbage Lettuces 

Leeks, Spinach, Peas 
Radishes, Mushrooms 
French Beans 

Mustard and Cress 

Salads 

Cooking Apricots 
Bananas, Cherries 
Currants of all kinds 
Figs, Raspberries 
Gooseberries 

Oranges 

Strawberries, Limes 




July 



Beef 

Mutton 

Lamb 

Veal 

Carp, Flounders 

Gurnet, Haddocks 

1 Dory, Herrings, Pike 
Bed and Grey Mullet 
Turbot, Shrimps 

Skate, Whiting 
Whitebait 

Scotch Salmon 

Mackerel, Plaice, Soles 
Lobsters 

Clilokeus 

Ducks 

Pigeons 

Babbits 

Turkey poults 

i 

Plovers' Eggs 
Quails 

Leverets 

Fronoh, Kidney, and 
Broad Beans 
Cauliflowers, Carrots 
Peas. Potatoes 

Badishes, Chervil 
Scarlet Bunners 
Tomatoes, Spinach 
Sorrel, Salsify, Turnips 
Marrows, Salads 
Asparagus, Cos Lettuce 
Mushrooms, Potatoes 
Cucumbers, Endive 

Apricots, Cherries 
Currants of all kinds 
Gooseberries, Melons 
Nectarines, Peaches 
Raspberries, Figs 
Strawberries, Grapes 
Cape Fruit 

Pineapples 
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TABLE OP PROVISIONS FOR EACH MONTH OP THE YEAR-Continued 


Meat. 

Fish. 

Poultry. 

Game. 

Vegetables. 

Fruit. 

Beef 

Mutton 

Veal 

Lamb 

Brill, Carp, Cod, Crabs 
Dory, Eels, Flounders 
Gurnet. Haddocks 
Halibut, Herrings 
Lobsters. Mackerel 
Mullet, Plaice, Perch 
Prawns, Salmon 
Shrimps, Soles, Tench 
Turbot, Whiting 

Chickens 

Ducks 

Fowls 

Pigeons 

Rabbits 

Green Geese 

August 

Grouse 

Leverets 

Plovers , 

Wild Duck 
Blackcock 

Artichokes, Beans 
Carrots, Celery 
Cauliflowers, Leeks 
Mushrooms, Salsify 
Salads of all kinds 
Spinach, Turnips 
Scarlet Runners 
Marrows, Endive 

Apples, Cherries 
Currants, Damsons 
Figs, Gooseberries 
Lemons, Grapes 
Mulberries, Peaches 
Pears, Raspberries 
Plums, Pineapples 

Lamb 

Veal 

Beef 

Mutton 

Brill, Crabs, Cod 

Dory, Eel, Flounders 
Gurnet, Haddocks 
Herrings, Halibut 
Lobster, Mackerel 
Mullet, Oysters, Plaice 
Prawns, Soles, Shrimps 
Skate, Turbot 

Whiting 

Chickens 
Ducks, Fowls 
Green Geese 
Turkeys 
Pigeons 

September 

Grouse 

Hares 

liCverets 

Partridges 

Plovers 

Teal 

Black Game 

Widgeon 

Woodcock 

Brussels Spmuts, Beans 
Cabbages, Carrots 
Leeks, Cauliflowers 
Celery, Lettuces 
Mushrooms 
Horseradish, Onions 
Jerusalem and Globe 
Artichokes 

Parsnips, Peas 
Radishes, Salad 
Shallots, Tomatoes 
Turnips 

Apples, Cherries 
Damsons, Bananas 
Blackberries, Figs 
Grapes, Nuts 
MecUars, Peaches 
Pears, Plums 
Quinces, Walnuts 
Ifectarines 

Beef 

Mutton 

Veal 

Pork 

Brill, Bass, Cod 

Crabs, Dor^ Eels 
Flounders, Haddocks 
Herrings, Halibut 
Lobster, Mullet, Plaice 
Oysters, Smelts, Soles 
Whiting, Turbot 

Green Geese 
Chickens 

Ducks 

Pigeons , 

Ri^bits 

Turkeys 

October 

Grouse, Hares 
Moor Game 
Partridges 
Pheasants 

Plovers, Snipe 
Teal, Widgeon 
Woodcock 

Wild Duck 

Artichokes, Broccoli 
Cabbages, Cardoons 
("auliflbwers, ('elery 
Leeks, Onions 

Parsnips, Radishes 

Peas, Potatoes 
Tomatoes, Turnips 
Spinach, Savoys 
Snallots, Salads 

Almonds, Apples 
Bullaces, Damsons 
Figs, Hazel Nuts 
Mulberries, Peaches 
Pears. Quinces 
Blackberries 

Walnuts 

Cranberries, Sloes 
Chestnuts 

Beef 

Mutton 

Pork 

Veal 

Brill, Cainp, Cod 

Cockles, Dory, Eels 
Flounders, Herrings 
Halibut. Haddocks 

Red ana Grey Mullet 
Plaice, Perch, Pike 
Soles, Scallops, Smelts 
Skate, Shrimps, Turbot 
Tench, Whiting 

Oysters 

Capons 

Chickens 

Ducks 

Fowls 

Geese 

Rabbite 

November 

i Grouse 
* Hares 
[ Pheasants 

1 Partridges 
Ptarmigan 

Snipe 

Teal 

Widgeon 

Woodcock 

Plovers 

Artichokes, Beetroot 
Brussels Sprouts 
Carrots, Celery 
Cauliflowers, Cucumbers 
Greens, Garlic 

Potatoes, Parsnips 
Savoys, Spinach 
Tomatoes, Turnips 
Leeks 

Spanish, Pickling, and 
Cooking Onions 
French Beans 

Apples, Bullaces 
Chestnuts, Grapes 
Lemons, Melons 
Oranges, Pines 

Pears, Quinces 
Walnuts, Nuts 

Beef 

Mutton 

Pork 

Veal 

Brill, Carp. Cod, Dace 
Dory, Eels, Flounders 
Gurnet, Haddocks 
Halibut, Herrings 

Ling, Lobsters, Mussels 
Mackerel, Oysters 

Perch, Pike, Soles 
Scallops, Smelts 
Shrimps, Tench 

Turbot, Whiting 

Chickens 

Fowls 

Ducks 

Geese 

Rabbits 

Turkeys 

December 

Wild Duck 
Capercailzie 

Pintail Duck 

Wild Geese 

Grouse (till 10th) 
Woodcock. Teal 
Widgeon, Snipe 
Ptarmigan 

Venison 

Grey and Golden 
Plovers 

Brussels Sprouts 
Artichokes, Celery 
Beetroot, Cucumbers 
Greens, Horseradish 
Kale, Lettuces 

Parsnips, Shallots 
Savoys, Salsify 

Spinach, Tomatoes 
Chervil 

Nuts of all kinds 
Bananas, Apples 
Grapes, Lemons 
Oranges, Tangerines 
Forced Rhubarb 
Dates, Fip, Melons 


3. Always mix in the flour before the fruit. 

4. Line cake- tins with layers of greased paper^ 
to protect the cakes from burning. 

5. Bake large cakes slowly, or they will be 
burnt on the outside before being cooked 
inside. 

6. Bake small cakes quickly, or they become 
dry and hard—especially if they are not sup- 


ported by tins, as then, unless it is set quickly, 
the mijcture spreads flat out on the tin. 

7. To know if cakes are cooked enough, push 
a akewer through the thickest part, and see if 
it is quite bright and clean on being pulled out. 
If so, they are cooked ; but not if the skewer 
appears greasy or has some soft mixture 
sticking to it. 


Continued 
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LIGHT AND SHADE 

Group 8 

DRAWING 

Mediums. Important Principles. Lighting the Group. Keys, Divisions, 

11 

and Perception of Light and Shade. Drawing with Chalk and Stumps 

Coiitliiuod from 
INigo 14U 


By WILLIAM R. COPE 


'T'HOSE students who have mastered the prin- 
^ ciples of object drawing should now attempt 
to shade the drawings ; but it must be distinctly 
borne in mind that correct drawing, as regards 
proportion and perspective, must be accom- 
plished first, for the most careful and finc^st 
shading in any medium will never liide bad 
drawing ; rather, it will emphasise it. 

Different Methods of Shading. There 
are many nu^diums in use ior sliading, ancl 
each has its own advantages and disadvantage's. 
The most commonly used mediums arc : 

1. Powdered Chalk and Stumps. The great 
advantages of this medium are that errors may 
be easily rectified, and work may be left off at 
any moment. The disadvantage is that it is a 
medium rarely used outside a school of art, and 
when doing more advanced work, as drawing 
from life. Yet, on the whole, it is a very con- 
venient medium in which to work and obtain 
a good training in the principles of the light and 
shade of any object, and excellent results are 


cicrtainly obtained thereby. 398 and 397 are 
taken from draw ings made entirely with the 
stumps and chalk. The originals were much 
larger than the illustrations hero given, being 
executed on paper 30 in. by 20 in. in size. 

2. Washes of Water Colour {Sepia or liquid 
Indum ink). This is undoubtedly a very good 
medium to usi*, hut as errors are not very 
easily rectified, most careful observation of the 
object, as rc'gaids its tone values, etc., must be 
made in order to have in the brain a definite 
idea of what is wanted before making a wash 
on the drawing paper. Tliis is really a very 
good training for a beginner, as he is compelled 
to observe in a most searching manner before 
doing a stroke of his drawing or painting, unless 
he wishes to get a result which has no freshness 
or life in it, but is all blotches, smudges, ragged 
and woolly edges, with the good drawing 
practically spoilt or lost altogether. 

3. Lead Pencil. Although this is a very con 
venient medium, and work may be left off at any 



398 . STUMPING CHALK DRAWING OF A GROUP OF OBJECTS 
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moment, yet errors are not so easily rectified as 
when using stumping chalk, for the pencil lines 
are apt to be smeared, and thus leave a greasy 
appearance when rubbed with the indiarubber. 
There is also the objection of “ shine.” Most 
beginners have not that light and certain touch 
which is required to obtain satisfactory results 
with the pencil. Yet a few linos of shading 
properly put in quickly give the appear- 
ance of roundness or solidity to an outline 
drawing. 

4. Academy Chalk. This has not the objec- 
tion of “shine,” but, like the lead pencil, requires 
a delicate and certain touch to obtain really good 
results. It is a very good medium for those 
students who know exactly what value of tone 
is wanted before they put it down on paper, 
which, of course, means the student must have 
Jiad a good training in judging tone values before 
he can use academy chalk Tiucccssfully. 

5.. Charcoal. This is a medium very much 
used in drawing from the antique or from the 
living model, and often by beginners in shading 
from simple objects, or from a cast of an orna- 
ment. Errors may be very easily corrected, as 
the charcoal rubs of! more easily than any other 
medium ; but \vhen the drawing is completed 
it may be “ fixed” by spraying on it some 
shellac or gum arabic dissolved in spirits of 
wine. Charcoal is sometimes used with w'hite 
chalk for drawing on coloured paper ; brown 
paper will do admirably, its colour being utilised 
for the half tones, the charcoal for the shadows 
and shades, and the white chalk for the high 
lights and lighter tones of the drawing. 

6. Peu-and-Ink. This medium is for 
advanced students, as considerable knowledge 
in drawing and shading is required before 
pen-and-ink work can be satisfactorily 
accomplished. 

Principles of Light and Shade. The 

student must remember that lie is now to 
represent objects, not by outline alone, but by 
means of light and shade ; and that, although he 
makes a preliminary sketch in ptmcil, the outline 
must not appear in the finished shaded drawing, 
as there are no outlines in Nature, only edges, 
which are sometimes visible as light against 
dark, or vice versa. Often the edges arc lost in 
shade, or it may be that two adjoining surfaces 
are of exactly the same tone, and so the edge is 
invisible. Beginners often make great mistakes 
about edges, because, knowing they are really 
there in the objects, they feel that they must be 
put in ; but students must remember the rule : 
“Draw what you sec.” It will be found that a 
better sense of atmosphere and relief will be 
shown if the edges are lost, softened, or sharpened 
in their proper places. 

Tones Impossible to Represent. 

There are so many various values of lights and 
darks in the objects around us that at first the 
student may be bewildei;^!^ and not know what 
to do. Sometimes the contrast betw^een the 
“ highest,” or brightest light, and the “ lowest,” 
or darkest dark tone is so great that, although 
we may be able with black chalk to obtain a 
tone as dark as the darkest shadow, it is impos- 
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sible to represent the brilliant light with the 
means at our disposal, for neither white paper 
nor white paint is bright enough. For example, 
it is impossible to represent accurately some 
brilliant artificial light, and artists often over- 
come this difficulty by placing a small screen or 
shade in front of the brilliant light ; then, 
although a good deal of light is seen around the 
screen, yet the value in tone of the visible light 
is not so bright compared with the darker tones, 
and can be more truthfully represented. 

Lighting the Group. The preceding is, 
of course, an extreme example, and in ordinary 
cases we do not get such marked difference 
between “ high ” Tight and darkest shadow. 
The student should take considerable pains in 
arranging for the “ lighting ” of the object 
or objects he is studying. The light should 
come, preferably, from the left-hand side of the 
student, so that it slants down at an angle of 
about 45 degrees ; care must also be taken to 
obtain a harmonious balance of light and shade. 
With artificial light it is difficult to avoid hard, 
sharp-edged shadows, which rarely, if ever, have 
an artistic effect ; but if a shade of “ frosted 
glass be placed over the light a more diffused 
illumination will be obtained, and will cause the 
edges of the shadows to be softer. If the objects 
are lighted by daylight, avoid hffting the direct 
rays of the sun shine on the group, for the light 
and shade would change every minute, as the 
sun appears to move, and, also, the shadows 
would be sharp and hard. The best light is 
diffused daylight. 

Different “Keys” of Light and 
Shade. A drawing may be made in any “ key 
of light and shade. For example, a silver point 
drawing is in a much lighter or higher key of 
tone than a study execut-ed in Conte crayon, 
charcoal, sepia, or stumping chalk, which nia^ 
be in a medium, or even a very dark or “low' 
key of tone, and yet there is an excellent repre- 
sentation of roundness or relief in the silvei 
point drawing as in the others. Nevertheless, 
a beginner should not trouble about such trans- 
positions of the kt?y of tone, but should endeavour 
to represent as truthfully and accurately as he 
can the apparent values of the light and shade 
of the objects of study in the same key as they 
appear. 

Divisions of Light and Shade. Ligld 
and shade may be divided into five main 
divisions, as follows ; (1) Light, the part of the 
object upon which the light directly falls ; 
(2) shade, the part of the object, turned aw’ay 
from the light, and, therefore, more or less 
dark in tone ; (3) shadow, which is the dark 
portion of surrounding surfaces, and is pro- 
duced by the object intervening between the 
source of light and the surfaces, forming a 
“ cast shadow," as it is called ; (4) half-tone, 
the part of the object’s surface which is between 
the “ light ” and “ shade ” portions ; (5) 

reflected light, which is in sopae part of the 
“ shade ” surface, and is caused by the reflection 
of light from some other portion of the same or 
another object. Each of the above five divisions 
may be subdivided into very many various 
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degrees of light, shade, shadow, etc., for, although mistakes, or why ho made thorn at all when 

one part may be light, it will rarely be of the working on the drawing in its usual place on the 

same degree of light throughout that light part, easel. The reason generally is that lie has looked 

and so with the “shade,” “shadow,” “naif- at each part too individually, and when the 
tone,” or “ reflected light ” parts, there will drawing is at a distance, he is compelled to look 

usually be varying degrees of each. at it as a whole. Thus, if ho has an observant 

Training the Eye to See Light and and critical eye, ho cannot fail to see dis* 

Shade. The student will therefore see that crepancies in his work. Yet, however critical ho 

he has to make much careful observation and may be, there are sure to be errors whicli he 
comparison before he will see tlic correct cannot find by himself, owing to his lack of 

appearance of the values of the dilTerent tones. training, and therefore he should obtain, as often 

ft is best to determine first the darkest “ dark ” as possible, the criticism of some artist friend 

and the highest or lightest “ light,” then it will who has had considerable experience, 

he easier to judge all other valu(\s between these Shading with Chalk and Stumps, 
two extremes. The student’s work will now he A box of sliading materials, containing all that 
more interesting than when drawing in simple is necessary, may be obtained of any artists’ 
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outline; ho will have further means by which he colourman. Some chalk is s})read on the 

ran give a truer and more lifelike representation chamois leather j)alette, or on a piece of paper, 

of objects or views around liim; and his per- being rubbed on lightly, so that no loose particles 

ceptivo faculties will be put to still further «arc about ; and tlu? stump is rolled around in 

severe tests of their powers of judging accurately. the (^halk on the palette, so that about half or 

There must be continual and intelligent com- three -(luartcrs of an inck of the pointed end is 

parison between one part and the whole, to find evenly charged with the chalk. Three stumps 

out the relative values of tones, edges, etc. It should be used — one for the darkest tones, 

is a capital plan to place the drawing beside the one for tlie medium, and another, with scarcely 

objects of study, then sit in the same place from any chalk on it, for the lightt‘st tones. Always 

which they are being viewed and drawn, and use the largest stump possible for convenience, 

make careful, searching comparison between the so as to avoid a niggling style of work. Do not 

drawing and the group. The student will bo rub hard, or the work will appear dull and 

surprised how easily he will detect errors in leaden, with no life or sparkle in it, as the poret^ 

judgment of tone values, etc., and perhaps he of the drawing paper (which shoiild be What- 

will ask himself why he could not see thq^e man’s or 0. W. S., not surface) should not be 
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choked with chalk ; but even in the darkest 
shadows there should be an appearance of little 
points of light showing through the dark chalk. 
Many students rub hard because, they say, they 
cannot make the tone dark enough without 
doing so, forgetting that it really is because they 
have not sufficient chalk on the stump, which 
should be freshly charged very often when 
a dark tone is required. A piece of sharp- 
pointed rubber should be used to pick out the 
too dark spots or blotches, which will almost 
inevitably come where they are not wanted. 
Again, do not grip the stump as if it were a 
broomstick or a crowbar, but hold it lightly, 
yet firmly, between finger and thumb, so that 
the angle it makes with the drawing paper may 
be varied as occasion requires. The side of the 


stump and rubber to obtain a tone like 898 d. 
Beginners should draw a square, about 3 in. 
square, and endeavour to make an even tone 
(like S88d) to fill it, in order to get accustomed 
to the use of the stump. When this is satis- 
factorily accomplished, draw an oblong, about 
6x3 in., and fill it with a graduated tone, as 
in 399. Begin with the lightest tone at the 
top, and gradually increase the depth or 
darkness of the tone. There should be no 
sudden change from one tone to the next in 
this exercise, and no blotches, but an effect 
like 399. 

Simple Groups. Having mastered the 
technical difficulties of using the chalk, stumps, 
and rubber for obtaining an even as well as a 
graduated tone, proceed to study some simple 
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stump should be used chiefly, and the point 
only when working in corners or confined spaces, 
or for certain kinds of sharp edges. 

There are several methods of putting the 
chalk on the drawing paper, but perhaps the 
best is that shown ^in 398, a, b, c, and d, 
where in a each wavy stroke is placed close to 
the others in such a way that there is a general 
evenness of tone, although each stroke shows up 
rather distinctly and the work is somewhat 
coarse and open. The light places should then 
be gone over with the stump properly charged 
with chalk, so as to obtain the appearance in 
888b. Then, with further use of the stump to fill 
in lighter places, and, if necessary, the rubber 
to pick out the dark blotches, produce a more 
even tone, as in 398c. Last of all; finish with 
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group as shown in 400. The objects should b(. 
white or very light in colour, so that the 
student is not worried yet with colour values. 
Arrange the lighting of the group carefully, and 
place a large piece of white paper or cardboard 
vertically and about a foot behind the group, as, 
for the present , it is best to work without putting 
in the background ; thus the white paper behind 
will help when judging the tone values of the 
objects in the group. Make a sketch, lightly 
drawn in lead ixmcil, not only of the objects, 
but also of the shapes of the shadows, and 
nearly rub out the pencil lines. Spend some 
four or five minutes in careful observation of 
the group — as regards its darkest and lightest 
tones, the different values of light and shade 
in the same or other surfaces, the changing value 
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of the edge of tlie cast shadow, which is sharp 
where it is close to the edge of the object which 
produces the shadow, and gradually becomes 
softer the further the shadow’s edge is from 
that part of the object which causes the shadow. 
There may be reflected light in some shade 
surfaces, as in one face of the cube, and it must 
be particularly noticed that, although a plane 
surface may be equally lighted from diffused 
daylight or any other light, the whole surface 
of the plane will not necessarily appear to be of 
the same value of tone, but may seem lighter in 
one part than in another, as in the drawing- 
board and the three surfaces of the cube. 
These preliminary and searching observations 
will save many errors and much vexation. 

Shading* Now proceed to shade the darkest 
surface and cast shadow of the cube. Dark tones 
should generally be put in first, as their true 
value is more easily judged than that of light 
ones. Next put in the medium, and afterwards 
the lighter tones, noting all the time their 
relative values and darkest tones. Pay attention 
to the value of edges both of the objects and of 
the cast shadow. Then place the drawing beside 
the group, and make a searching criticism, correct 
all errors, and put more “ finish ” in the texture 
of the shading, although “ finish,” as regards 
stippling, is not to take the place of, nor is it 
so important as, the true values of tones, edges, 
etc. Nevertheless, a certain amount of “ finish ” 
is required to represent satisfactorily the smooth 
texture of some kinds of materials. The student 
must use his judgment in this matter. Do not 
forget that dravnng must enter into every part 
of shading, for the former is not finished when 
the sketch in pencil is made. 

A more difficult group, as shown in 401, may 
now be attempted. Here “ rounded ” or curved 
surfaces are to be represented, but, keeping in 
mind the previous advice about observation of 
tone values, etc., no great difficulty should be 
found. Do not make the reflected light too 
bright on the lower right-hand edge of the 
sphere. Reflected light cannot be as bright as 
direct light, but is generally very much darker 
in tone. 

More Difficult Exercises. A series of 
exercises graduated in difficulty, should be gone 
through, until the student is able to execute a 
shading of a cast as difficult as that in 397, or of a 
group of objects like that in 896. The intermedi- 
ate groups might consist of casts of fruit, foliage, 
or conventional ornament, or of objects to be 


found among household utensils, etc. For 
example, two bricks and a hammer or trowel, 
a cup and saucer, a glazed teapot, a oocoanut 
and a wooden mallet, a candlestick and box 
of matches, a piece of drapery hanging in 
graceful fol^, etc. Make all drawings fairly 
fill paper not less than 22 x 15 in. 

Another Method of Shading with 
Stumps and Chalk* 402-406 show the 
different stages of a more rapid method of stumping 
chalk shading. In 402 it will be seen that details 
ofdrawingare omitted, because they can just as 
easily be drawn with the stump when shading. 
The outline must not be too faint or too lightly 
drawn, or it will be lost altogether when the 
next stage is done. The even tone as shown 
in 403 is put on with either a very large stump, 
or, better still, with a pad made of a piece of 
chamois leather tied round some cotton- wool, 
so that it is like a ball rather larger than a 
walnut. Rub the pad in some chalk, and then 
on an odd piece of paper, until the correct even- 
ness and value of tone can be mode. Rub 
the pad all over the drawing and a little outside 
it, so that an evenness of tone (not too dark), 
is obtained, and the extra tone outside may be 
rubbed out with the indiarubber, leaving the 
outside edges of the drawing fairly sharp. 
In the third stage pick out all the chief light 
tones with the pointed rubber,' as shown in 
404, being careful to draw the correct shape 
of each light, with its varying degree of intensity 
and different value of edge, now sharp, now 
soft, etc. 406 shows the main shadows and 
shades put in with the stump in a broad and 
simple manner. Leave out all details at this 
stage; endeavour, by careful and intelligent 
observation of the cast or object, to represent 
the chief planes of the surfaces with their vary- 
ing tones, and draw them of some definite 
shape, perhaps triangular in one place, rect- 
angular in another, and so on. With searching 
observation the student will soon overcome the 
difficulty of seeing where one tone merges into 
another, even when the difference of value is 
very subtle. Only blend one tone with the 
next when it is absolutely necessary. Correct 
values and good drawing of the varying tones 
must be the guiding principles at this stage. 
Finally finish Stage V. as shown in 406, give 
attention to the necessary details and values 
of edges, blend one tone with another, if 
required, and give much care to the modelling 
of the lightest tones. 
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EXCEPTING raw silk alone, every textile fibre 
^ must be carded. Silk is a filament from 
the beginning — the silkworm has combined the 
fibres into one continuous thread ; other fibres 
are short, and to get a thread we require to join 
them together in some way. A thread is a thin 
line of fibres combined so as to possess a certain 
measure of coherence and consistency. To 
produce even the smallest section of such a line, 
the fibres must be laid out straight. It might 
be possible to devise means of stretching each 
separate fibre in this way ; but the elfeci would 
be to make a series of little threads not longer 
than the length of the natural staple or growth 
of the fibre, lliis would hardly serve our pur- 
pose, even if it were possible. In cotton, for 
('.xample, the minimum length demanded is a 
thread 15,000 times longer than the longest 
cotton fibre. Laying the fibres out singly or in 
little groups is not enough ; wo want to join the 
ends of the fibres together in some way. 

vSuppose wo have tw'o groups of fibres, all of 
the same length, and all laid nicely 
parallel, placing the ends of those 
two sets in contact would not join 
them; by bringing the extremities 
together you are avoiding the joint- 
ing powers they naturally possess, 
for the serrations are at the sides of 
the fibres. But pull one fibre of 
group No. 1 into group No. 2 ; draw 
up a fibre half-way from the second 
into the first ; repeat the act, and 
you will see that connection has 
been establisherl between the two 
— that, in fact, those four fibres 
have practically made the separate 
groups into a continuous whole. 

Carry out the idea fully, and an 
even thread will be formed about 
two-thirds the length of the two 
groups, but thicker in proportion 
A Pirot Operation. Our 
object in carding, it appears, is 
not merely to disentangle matted 
or mixed fibres, but to bring them 
into such relations that they 
fnay readily combine together. A 
view of a modem carding room is 
given in 56. Carding is the pivot 
operation of textile manufacture ; 
here the staples, or tufts, of the 
different fibres cease to tangle with 
each other and the thread begins. 

We pull the fibres out of their 
mutual tangles and snarls, bringing 
them into parallel lines, but at the 
same time Keeping’ them always in 


lineal connection, forming them into a gauzy film, 
the filaments of which hold each other lightly 
yet intimately. If w'e gather that gauze into a 
continuous length, the disconnected character 
of the fibres disappears, and, instead, the con- 
tinuous line w^e call Ihrea/i commences. This 
is accomplished on tlu^ machines we call carders. 

Kindred Processes. In a process which 
is continuous and gradual, it is difficult to mark 
definite, points of division ; in respect of one 
particular or another, we are bound to cross any 
i>order lim^ which may bo set. For example, 
the combing machine wujrks on a different prin- 
ciple from the carder, pure and simple, hut its 
object is the creation of the sliver ; the sproadei 
of the flax fibre seems to stand midway between 
the carder and condenser, but it also creates the 
sliver. We consider them all as one class, 
liecause the function of each and all is to act as 
the medium between the fibre as staple and the 
fibre as thread. The correcstness of that division 
will appear more and more clearly as we proceed. 
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Cards and Combs. The first carding tool 
was what we now call a cow6. Very probably 
it resembled rather a small hackling comb, 
with the difference that, instead of being fixed, it 
was held in the hand. By the process of adjust- 
ment with which we are now familiar, the comb 
ohanged its form according to changing use or 
new ideas. Up till the middle of the eighteenth 
century the wool-comb was the only carder the 
wool manufacturer knew ; but the linen and 
cotton spinners had devised what were called 
hand cards. It was from these, in the first in- 
stance that development began. Hand cards arc 
small boards full of spikes, with a handle at the 
one side. Hold- 
ing one in each 
hand, with the 
faces together, 
the carder could 
give the fibres 
laid between a 
firm combing, 
or carding. In 
1748 Lewis Paul, 
a Northampton 
manufacturer, 
invented a me- 
chanical carder 
which undoubt- 
edly gave his 
great successor. Richard Arkwright, the idea for 
the carding engine. Ho fixed little iron points 
in brood belts of leather, and nailed them round 
cylinders. Two of these cylinders ho set together, 
so that the one wouldr work in close proximity to 
the other, the curved teeth pulling in opposite 
directions. Arkwright seized on the idea, and, 
after working at it for several years, took out a 
patent in 1775. There was no comparison be- 
tween the splendid and efficient carding engine 
of Arkwright and Lewis Paul’s original carder ; 
but the great cotton spinner had stirred up 
enemies by his success, and the patent was 
assailed successfully. It is with Arkwright’s 
carding engine, improved in numerous details, 
that we work to-day. 

The Carding Engine. The most inter- 
esting feature of the carding engine, and the 
instrument of its usefulness, is the card clothing, 
to which attention is first directed. The cloth, 
o^ clothing, itself may be of hard leather, india- 
rubber, or some sj)ecial composition ; but it 
must be absolutely uniform throughout in thick- 
ness and weight. Now look at the teeth. Origin- 
aUy a piece of fine steel wire [67], bent to form 
two right angles, something like a staple with a 
square head, this pair of teeth have been given 
another bend, half-way up the length of each 
leg, forming equal obtuse angles [58]. In the 
leather, or other basis of the card clothing, holes 
are cut to let the teeth through, and when set 
they show on the upper surface what look like 
hooks with straight points. Fill the whole area 
of the cloth or leather with these hooks, or teeth ; 
make as much card cloth as is needed to cover 
aU the rollers and cylinders of the carding 
engine. We are purposely vague, for the 
moment, because « there are various kinds of 
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engines, and it is only carders in general with 
which we have to do at present. 

Card Teeth. Suppose we make two sheets 
of that carding cloth move close to each other in 
opposite directions [69], the teeth oppose each 
other; if any fibre were caught between those 
opposing teeth, it would certainly be pulled apart, 
and very finely drawn out. Obviously, if this 
action were repeated often enough, the fibres 
would all straighten out and lie in one direction. 
But there are several other ways of working 
those cards. Not to be too complex, we shall 
take only the contrary instance, because it is 
fundamental also. When the hooks are turned 
in the same direction, no action results, if the 
cards are run at the same speed. But suppose 
that one card bo slow and the other fast ; then any 
fibre held in the teeth of the slow card will be 
taken away by the swift one. It is the same 
action as you take in unhooking anything ; 
travelling in the same direction as the curve of 
the hooks, the swifter one naturally disengages 
the fibres from its neighbour. 

Card Clothing. We have confined our 
attention to a single set of carding teeth ; but 
there are thousands in every cylinder and 
hundreds on every roller on the carding engine, 
and each hook must be level with every other. 
If one hook stands up above the others, it will 
take more than its share of the fibres, and cause 
irregularity ; if the cylinders are not absolutely 
true, still more mischief is caused, for at one 
point the fibres will be missed and at another 
they will be torn and broken, because the teeth 
cut into each other. We must leave to the 
engineer the foundation and balance of the 
engine itself. But every carder and textile 
manufacturer should be able to do his own 
card clothing. Having carefully measured the 
cloth, which is generally put on in bands the 
circumference of the cylinder or roller, the 
cylinder should be placed on the engine, and the 
cloth stretched over it. When fully stretched, 
and jointed exactly edge to edge, the places 
for the nails should be marked, the cloth taken 
off and the nails driven through. Lay on the 
cloth again, and with the aid of the tools com- 
monly used fix the cloth in position. Band 
after band is laid on in this way, and the cylinder 
is completed. If rings of card only are to be 
fixed, as in the case of what are called doffer 
cylinders, or on condensers, great care must be 
taken to make all the rings equal and at equal 
distances on the roller. We shall see the reasons 
for these things when we begin to work the 
various carders. 

Card Grinding. Card hooks, or teeth, 
require to be pointed. Here occurs a difference 
of opinion among expert practical men. Some 
hold that the points of the teeth ought to be 
needle-pointed, and others hold the opinion that 
they should be flat or chisel-pointed. Which- 
ever may be favoured, the main matter is that 
the points must all be equal and level. Possibly, 
the best results can be obtained from careful 
grinding on the emery cylinder, and then taking 
the Tougl^ess off by wearing. While it leaves 
a slight loophole for slovenly clothing to say so, 
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it may be said that the function of the emery 
grinder is not only to sharpen, but also to level 
down the teeth. There are several machines 
for this purpose, but the one we illustrate [60] 
seems to us the best. By this machine the 
whole cylinder is ground a t once. If the cylinder 
be laid in truly, and the emery kept in good 
condition, a fine, sharp, and even surface should 
result 

Card Setting. This, and the relative 
finenesses of the teeth, may be discussed with 
more profit and detail when we deal witli the 
different fibres. We use a very different quality 
of card clothing for fine cotton from that used 
for carding flax tow. The simple and broad 
principle of card setting should here be laid 
down, however. The intervals of space between 
the rollers should be carefully determined 
according to the length of the fibre being carded. 
A short fibre requires that the rollers and 
cylinders be in close proximity ; long fibres, 
on the other hand, should be allowed wide 
intervals. By the observation of this rule, 
siniple as it looks, much trouble is avoided. 

Cotton Carding Engine. First to be 
built, the cotton carding engine has been very 
little improved upon during the past hundred 
years. Some few details have been added, and 
wo have acquired bettor methods of both con- 
structing and driving the macjhinc, but in 
essential constitution it remains as Arkwright 
left it. One difference, however, is worthy of 
note, and that is the introduction of what arc 
called carding flxits — flat coverings extending 
sometimes over the whole engine, and in many 
cases over a section. Let us look at the roller 
engine for a moment, however, and then we 
will understand better the additions and im- 
provements. 

Weighed accurately on the scutcher, the 
fleecy lap of cotton is hung on the fore end of 
the carding engine, and drawn slowly out by 
the feed rollers. Behind these rollers revolves 
a card-covered roller, travelling at the rate of 
800 feet per minute, named the “ licker-in,*’ 
which takes away the cotton in flakes. Further 
behind, and in the centre of the machine, runs 
the great cylinder, having a surface speed c)f 
about 1,500 feet per minute. Travelling almost 
in touch with the licker-in, and in the same, 
direction, but at nearly double the sj)ced, the 
main cylinder scoops away the cotton from 
the smaller cylinder. 

Dirt Roller. Running in an upward 
direction, the cylinder is carrying off its spoil, 
when another roller,^ set just above the licker-in, 
and in close proximity to the main cylinder, 
intervenes and takes away as much cotton as it 
can carry from the latter. This is called the 
dirt roller, because it plays the most important 
part in taking out any dirt that may have 
remained in the cotton after scutching. Though 
revolving in the opposite direction from the 
licker-in, the surface of this roller, at their point 
of contact, is travelling in the same direction as 
t|ie main cylinder, or “ swift.” We want this 
second roller to steal away cotton from the swift, 
and say that it does so ; the question comc«<. 


how can it ? Its speed could be increased, of 
course, and then the hooks could steal up on the 
hooks of the main cylinder and gently rob in 
that way. 'Hiis expedient, as will shortly appear, 
is not practicable in the circumstances. A better 
method has been devised. The teeth of the dirt 
roller are put in the reverse way, and the speed 
of its revolution is only ten to fifteen feet per 
minute. Compare the speeds, and you will see 
that, although both travelling in the samt'. 
direction, the smaller roller exorcises an enormous 
pull on the largo one, with its reversed teeth. 

Strippers and Workers. A still smaller 
roller, called a stripper, is running like a satellite 
above the dirt roller, and in even closer contact 
with the large cylinder. Revolving contrary to 
the dirt roller, with teeth set in the direction of 
its revolution, the stripper runs at the rate of 
400 feet per minute. The teeth of the stripper 
moving in the same direction as those of the 
dirt roller, and more swiftly, it picks all the 
cotton out of the roller’s teeth and flings it 
back to the large cylinder. But our big 
cylinder does not keep its spoil long. Another 
roller of the same character and construction 
as the dirt roller, and moni respectably named 
a ” worker,” is running a little above that kind 
stripi^er, and almost immediately the cotton 
is btnng torn off the cylinder by the revtirsed 
teeth of this worker. Like, a swift half-back 
watching a big, slow forward on the football 
field, the next stripper overtakes the worker 
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as it is eaiTying off the cotton, takes it away 
and givt*.s it back again to the cylinder. Other 
six workers and strippers, sometime.s eight, 
rej)eat the game round the whole up^ier half of 
the cylinder, taking and losing, giving and spoil- 
ing, in mutual play. At the back of all, and 
moving slowly, with fine teeth curved in the 
direction of its motion, is the '‘doffer” cylinder. 
The revolution of the doffor is in the same 
direction as that of the main cylinder; but 
being smaller in diameter, and consequentlv 
having a reduced surface speed, its long teeth 
search into the cylinder teeth, pi(!king, out the 
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Cards and Combs. The first carding tool 
was what we now call a comb. Very probably 
it resembled rather a small hackling comb, 
with the difference that, instead of being fixed, it 
was held in the hand. By the process of adjust- 
ment with which we are now familiar, the comb 
changed its form according to changing use or 
new ideas. Up till the middle of the eighteenth 
century the wool-comb was the only carder the 
wool manufacturer knew ; but the linen and 
cotton spinners had devised what were called 
hand cards. It was from these, in the first in- 
stance that development began. Hand cards are 
small boards full of spikes, with a handle at the 
one side. Hold- 
ing one in each 
hand, with the 
faces together, 
the carder could 
give the fibres 
laid between a 
firm combing, 
or carding. In 
1748 Lewis Paul, 
a Northampton 
manufacturer, 
invented a me- 
chanical carder 
which undoubt- 
edly gave his 
great successor, Richard Arkwright, the idea for 
the carding engine. Ho fixed little iron points 
in broad belts of leather, and nailed them round 
cylinders. Two of these cylinders he sot together, 
so that the one would work in close proximity to 
the other, the curved teeth pulling in opposite 
directions, Arkwright seized on the idea, and, 
after working at it for several years, took out a 
patent in 1775, There was no comparison be- 
tween the splendid and efficient carding engine 
of Arkwright and Lewis Paul’s original carder ; 
but the great cotton spinner had stirred up 
enemies by his success, and the patent was 
assailed successfully. It is with Arkwright’s 
carding engine, improved in numerous details, 
that we work to-day. 

The Carding Engine. The most inter- 
esting feature of the carding engine, and the 
instrument of its usefulness, is the card clothing, 
to which attention is first directed. The cloth, 
o]f clothing, itself may be of hard leather, india- 
rubber, or some special composition ; but it 
must be absolutely uniform throughout in thick- 
ness and weight. Now look at the teeth. Origin- 
ally a piece of fine steel wire [57], bent to form 
two right angles, something like a staple with a 
square head, this pair of teeth have boon given 
another bend, half-way up the length of each 
leg, forming equal obtuse angles [68]. In the 
leather, or other basis of the card clothing, holes 
are cut to let the teeth through, and when set 
they show on the upper surface what look like 
hooKs with straight points. Fill the whole area 
of the cloth or leather with these hooks, or teeth ; 
make as much card cloth as is needed to cover 
all the rollers and cylinders of the carding 
engine. We are purposely vague, for the 
moment, because,, there are various kinds of 
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engines, and it is only carders in general with 
which we have to do at present. 

Card Teeth. Suppose we make two sheets 
of that carding cloth move close to each other in 
opposite directions [69], the teeth oppose each 
other; if any fibre were caught between those 
opposing teeth, it would certainly be pulled apart, 
and very finely drawn out. Obviously, if this 
action were repeated often enough, the fibres 
would all straighten out and lie in one direction. 
But there are several other ways of working 
those cards. Not to be too complex, we shall 
take only the contrary instance, because it is 
fundamental also. When the hooks are turned 
in the same direction, no action results, if the 
cards are run at the same speed. But suppose 
that one card be slow and the other fast ; then any 
fibre held in the teeth of the slow card will be 
taken away by the swift one. It is the same 
action as you take in unhooking anything ; 
travelling in the same direction as the curve of 
the hooks, the swifter one naturally disengages 
the fibres from its neighbour. 

Card Clothing. We have confined our 
attention to a single set of carding teeth ; but 
there are thousands in every cylinder and 
hundreds on every roller on the carding engine, 
and each hook must be level with every other. 
If one hook stands up above the others, it will 
take more than its share of the fibres, and cause 
irregularity ; if the cylinders arc not absolutely 
true, still more mischief is caused, for at one 
point the fibres will be missed and at another 
they wmU be torn and broken, because the teeth 
cut into each other. We must leave to the 
engineer the foundation and balance of the 
engine itself. But every carder and textile 
manufacturer should be able to do his own 
card clothing. Having carefully measured the 
cloth, which is generally put on in bands the 
circumference of the cylinder or roller, the 
cylinder should be placed on the engine, and the 
cloth stretched over it. When fully stretched, 
and jointed exactly edge to edge, the places 
for the nails should be marked, the cloth taken 
off and the nails driven through. Lay on the 
cloth again, and with the aid of the tools com- 
monly used fix the cloth in position. Band 
after band is laid on in this way, and the cylinder 
is completed. If rings of card only are to be 
fixed, as in the case of what are called doffer 
cylinders, or on condensers, great care must be 
taken to make all the rings equal and at equal 
distances on the roller. We shall see the reasons 
for those things when wo begin to work the 
various carders. 

Card Grinding. Card hooks, or teeth, 
require to bo pointed. Here occurs a difference 
of opinion among expert practical men. Some 
hold that the points of the teeth ought to be 
needle -pointed, and others hold the opinion that 
they should be flat or chisel-pointed. Which- 
ever may be favoured, the main matter is that 
the points must all be equal and level. Possibly, 
the best results can be obtained from careful 
grinding on the emery cylinder, and then taking 
the roughness off by wearing. While it leaves 
a slight loophole for slovenly clothing to say so, 
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it may be said that the function of tho emery 
grinder is not only to sharpen, but also to level 
down the teeth. There are several machines 
for this purpose, but the one we illustrate [60] 
seems to us the beat. By this machine the 
whole cylinder is ground a t once. If tho cylinder 
be laid in truly, and tho emery kept in good 
condition, a fine, sharp, and even surface should 
result 

Card Setting. . This, and the relative 
finenesses of the teeth, may bo discussed with 
more profit and detail when wo deal with the 
different fibres. We use a very different quality 
of card clothing for fine cotton from that used 
for carding flax tow. The simple and broad 
principle of card setting should here be laid 
down, however. The intervals of space between 
the rollers should be carefully determined 
according to the length of the fibre being carded. 
A short fibre requires that tho rollers and 
cylinders be in close proximity ; long fibres, 
on the other hand, should be allowed wide 
intervals. By the observation of this rule, 
sii^le as it looks, much trouble is avoided. 

Cotton Carding Engine. First to be 
built, the cotton carding engine has been very 
little improved upon during the past hundred 
years. Some few details have been added, and 
wo have acquired bettor methods of both con- 
structing and driving the machine, but in 
essential constitution it remains as Arkwright 
left it. One differtmee. however, is worthy of 
note, and that is the introduction of what are 
called carding flats — flat coverings extending 
sometimes over the whole engine, and in many 
cases over a section. Let tis look at the roller 
engine for a moment, however, and then we 
will understand betkn* the additions and im- 
provements. 

Weighed accurately on the scutcher, the 
fleecy lap of cotton is hung on tho fore end of 
tho carding engine, and drawn slowly out by 
the feed rollers. Behind these rollers revolves 
a card-covered roller, travellins; at the rate of 
800 feet per minute, named the “ lickcr-in/’ 
which takes away the cotton in flakes. Further 
behind, and in the centre of the machine, runs 
the great cylinder, having a surface speed of 
about 1,500 feet per minute. Travelling almost 
in touch with the licker*in, and in the same- 
direction, but at nearly double the speed, the 
main cylinder scoops away the cotton from 
the smaller cylinder. 

Dirt Roller. Running in an upward 
direction, the cylinder is carrying off its spoil, 
when another roller,^ sot just above the lieker-in, 
and in close proximity to the main cylinder, 
intervenes and takes away as much cotton as it 
can carry from the latter. This is called the 
dirt roller, because it plays the most important 
part in taking out any dirt that may have 
remained in the cotton after scutching. Though 
revolving in the opposite direction from the 
lickor-in, the surface of this roller, at their point 
of contact, is travelling in the same direction as 
the main cylinder, or “ swift.” Wc want this 
second roller to steal aw^ay cotton from the swift, 
and say that it does so ; the question com<*'<. 


how can it ? Its speed could be increased, of 
course, and then the hooks could steal up on the 
hooks of tho main cylinder and gently rob in 
that way. This expedient, as will shortly appear, 
is not practicable in the circumstances. A better 
method has been devised. The teeth of the dirt, 
roller are put in the reverse way, and tho speed 
of its revolution is only ten to fifteen feet per 
minute. Compare the speeds, and you will se<i 
that, although both travelling in the sann' 
direction, the smaller roller exercises an enormous 
pull on the large one, with its reversed teeth. 

Strippers and Workers. A still smaller 
roller, called a stripper, is running like a satelliti^ 
above the dirt roller, and in even closer contact 
with the largo cylinder. Revolving contrary to 
the dirt roller, with teeth set in tho direction of 
its revolution, the stripper runs at tho rate of 
40() feet per minute. The teeth of the stripper 
moving in the same direction as those of the 
dirt roller, and more swiftly, it picks all the 
cotton out of the roller’s teeth and flings it 
back to the large*, cylinder. But our big 
cylinder does not keep its spoil long. Another 
roller of the same character and construction 
as the dirt roller, and more respectably named 
a “ worker,” is running a little above that kind 
strip|>er, and almost imme^diately tho cotton 
is lading torn off the cylinder by the reversed 
tooth of this worker. Like a swift half-bdtek 
watching a big, slow forward on the football 
field, the next stripper overtakes the worker 



as it is carrying off tho cotton, takes it away 
and gives it back again to the cylinder. Other 
six workers and strippers, sometimes eight, 
re{)eat the game round the whole upjMjr half of 
the cylinder, taking and losing, giving and spoil- 
ing, in mutual play. At the back of all, and 
moving slowly, with fine teeth curved in the 
direction of its motion, is the “doffer” cylinder. 
The revolution of the doffer is in the same- 
direction as that of the main cylinder; but 
being smaller in diameter, and consequently 
having a reduced surface speed, its long teeth 
search into the cylinder teeth, picking out the 
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cotton and pulling it round itself like a fleecy 
mantle. 

But here the give and take does not end. 
Oscillating to and fro on the under surface of 
the doffor cylinder is a toothed comb that 


rapidly draws off the cotton in a line film. This 
Him is variously accepted, as we shall ])oint o\it ; 
but in the meantime, as we are in pursuit of 
the sliver, wc may h^t it go in that way. Our 
Hlmy web is the same breadth as the cylind(*r ; 
but it is gathered to a point and })assed through 
a funnel, and thence two pairs of small rollers 
drag it out, forming it into a flat riband at the 
same time. The point of the riband is inserted 
into a vertical slit in a piece of iron ; two rollers 
beyond round it off, and drop it, a line sliver, 
into the waiting can —a tall tin cylinder, into 
which the sliver coils neatly. 

Carding Flats. Very soon after the card- 
ing engine was made a complete machine, cotton 
spinners devised a contrivance for assisting the 
workers and strippers. Half the upper part 
of the main cylinder was covered by a flat sheet 
of card cloth, set so as to hold the fibres till 
they were drawn straight. The teeth of the 
flat w'ere set so as to oppose the teeth of the 
cylinder, but not so closely as to check them. 
In the opinion of many, the fiat appeared to be 
more ofheient than the rollers, and gradually 
what is called the revolving flat was developed. 
Without entering into a long discussion of this 
highly technical matter, we may say at once 
that the revolving flat carding engine |61] un- 
doubtedly seems to servo well for carding the 
highest mialities of cotton. 

Instead of the rollers already described, an 
endless lattice band of card cloth runs over the 
central cylinder, the teeth pulling uniformly in 
a straight line. Attached to the card lattice 
Is a 86t<of cleaning rollers, which, as the one half 
Of the flat comes up from working, cleans it of 
a^ier ing cotton . The ratchet motion that makes 
the flat revolve imparts an alternate movement 

im 


to the cards, varying the drawing action of the 
teeth. From many points of view, the revolving 
flat carding engine is the highest form of that 
clogs of machine. Being self-cleaning, it 
obviates the dust and delay attendant on the 
frequent cleanings which wo must give 
to roller cards. Working automatically, 
the newest class of those engines are 
mo.stly covered in, thus preventing the 
fine dust of the* cotton from getting 
into the lungs of the workers. 

Breaker and 
Finisher, For the 
sake of simplicity and 
clearness, the single 
carder has been 
studied alone, as if 
no other engine 
existed. Now a step 
further may be taken. 
The first carding is 
not enough for most 
textile purposes ; it 
is usually called the 
breaker — that is, the 
breaking-iri card, and 
the next is called the 
finisher card. Many 
spinners couple the 
two together, and 
run the cotton direct from the one to the 
other ; but this practice is objected to by 
others, who contend that it is neither 
economical nor efficient. The ideal is the auto- 
matic; ; but perhaps wo have boon in too great 
a hurry in attempting to realise it. Machines 
must be perfect in detail before they can be 
trusted to work without check or supervision. 
If we have to work with two single carders, one 
breaker, and one finisher, a lap -forming 
apparatus, such as we saw on the scutcher, 
must take the place of the sliver -forming 
appliance on tho breaker . engine ; if the two 
<;ngincs are coupled, the doffer between tho two 
acts simply like a larger, more drastic, worker 
roller. Ihactice varies a good deal, however, 
and dogmatism on such a matter would not bo 
wise. 

Carding and Condensing the Wool. 

When the wool manufacturer accepted the 
carding t;ngino from the cotton industry, he 
found that it would not deal with his material 
in a very satisfactory manner. J^onger in staple 
and more deeply serrated than cotton, the wool 
was injured by tho keen teeth of tho cotton 
carder. As usual in such cases, tliero was a 
strong row>il from the instrument which had been 
so eagerly welcomed and which had so cruelly 
disappointed hope. The hand comb was re- 
verted to, and in many factories, so strong was 
the prejudice against machines, hand combing 
was practised up till about 1870. Considering 
the number of fine carding and combing ma- 
chines then on the market, this is amazi^, but 
it must be accepted as evidence of the difficulty 
of restoring confldenco after it has been once 
broken. Two prime facts appeared in this 
connection. One was that the carding rollers, 
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having to deal with a longer staple, required to 
be set further apart than in the cotton carder ; 
the second was that there are some wools which 
ought not to be treated by carding, or, if treated, 
only in the gentlest, lightest fashion. Following 
hard on the discovery and negotiation of 
these facts came another — viz., that the re- 
adjustment of the rollers demanded some 
difference in the form of some of them, and so 
a wool carder, differing in some details from the 
cotton carding engines, came into oxi8tenc^^ 
The Scribbler. Observe already the 
difference in nomonclaturo. The breaker card 
of the cotton spinner has become the scribbler 
[68] of the w'ool spinner. When our wool came 
from the “ fearnought ” teaser, it had merely 
received its last mixing and opening and 
cleansing ; the measuring of quantities, so impor- 
tant in all textile operations, has yet to be done. 
Various devices for measuring the wool as it is 
fed to the scribbler liave been adopted. The 
simplest is the marking on the feed* board of tlie 
space properly occupied by the legular thickness 
of a given quantity ; but this method puts too 
much reliance on the skill of an operative not 
paid at the rates which skilled labour usually 
commands. The best and simplest arrange- 
ment wo have seen for regulating the feed is a 
kind of weighbridge lattice feed. While the 
quantity to be fed is coming for>vard, the 
scribbler is stationary ; as soon as the cpiantity 
is heaped on the feed- board it overconu^s thci 
counter -weight and bends over, loosening tho 
clutch that controls the drive, and inclining the 
wool to the feeder rollers. Instead of the simple 
feeders of the cotton carder, we have here three 
rollers, one set above the other, all clad with 
teeth, and these begin at once tho carding 
operation, pulling and drawing the fibres among 
themselves. The advantage of this is obvious. 
With such a long staple, delivery is not easy, and 
by carding out at the point of delivery a better 
start is obtained. The rollers are set at wider 
intervals ; but, except in one other particular. 


tho scribbler is precisely the sam(‘ as the roller 
•carding engine already detailed. The particular 
point of difference is interesting and important. 
Wool has very strong clinging properties, and 
tho ordinary doffing cylinder would be useless 
unaided. Beneath the last stripper roller of the 
sv^ries revolves a curious roller, called the “ fancy ” 
(K), with long, fingor-like wdre-s that pick into 
tho teeth of the main cylinder, loosening its hold 
on the fibres, and making thorn yield easily to 
tho pull of the doffing cylinder moving below. 

Doffers. As in the caso of cotton, there are 
several modes of treating the cardings as they 
come off the doffing comb. If the wool is to be 
made into felt, it is rolled into a lap, similar to that 
taken from the scutching machine ; if designed 
for worsted, it is formed into a sliver ; and if 
intended for further earding and the condenser, 
the fibres may bo formed into a lap, drawn out 
into a sliver, or doffed directly on to the adjacent 
carder. There is yet another mode peculiar to 
woollen manufactun^ One of tho few contriv- 
ances in textile manufacture we have received 
from America is this appliance. In a hopper 
on the top of a small machine sits a range of 
thick cylindrical bobbins, one of which descends 
into the grip of a pair of discs in tho middle of 
. the machine. Up to the disc extends a re- 
volving tube. From tho doffing apjmratus the 
sliver is led into this tube, and it winds up round 
tho bobbin held in the discs, which are now 
rc^volving. As soon as the bobbin is filled, it 
automatically drops out, and another from the 
hopper drops into its place. Some establish- 
ments use these bobbins as f(*eds for tho con- 
denser, when working on low -class goods. 

Intermediate Carding. In the most 
liighly organised factories, an intermediati* 
carder is used and linked on to the scribbler 
in a vi'ry ear ions way. Not only because tho use 
of the intermediate (larder seems to us a good 
practice, but because the method of linking is 
highly interesting and promising, we shall 
obs(^rve it. When the sliver is given off by the 
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scribbler, it is taken away by a lattice which 
conveys it up above the feed of the inter- 
, mediate carder in front of which moves to and 
fro a travelling carriage. The sliver descends 
on to this carriage, and it lays the filmy skein 
across the food lattice of the carder in long 
folds, obliquely overlapping one another, yet 
preserving a uniform thickness. The reason for 
this act brings us to the mark of difference 
between the woollen and the worsted thread. 
Woollen threads arc composed of fibres inti- 
mately interlaced ; worsted threads are com- 



68 . DIAtmAMS OF LONGITUDINAL SECTION OF 


WOOL CARDING MACHINE 

A. Broagt Cylinder. B. Fecderg. Dirt Roller. 

D. Llcker-in. E. Stripper. F. Worker. G. Stripper. 
H. W^orker. K. Fancy. L. Dotfer, M. Angle Stripper. 
N. Doffing Roller 

posed of parallel fibres twisted together. There- 
fore the object of the woollen spinner is to obtain 
an intimate combination of fibres at the earliest 
possible moment. The working of the inter- 
mediate carder is exactly that of the scribbler. 

Condensing, We have pictured all the 
carders as separate, but it must be elearly under- 
stood that this has been done only for the sake 
of clearness and simplicity. A frequent practice 
is to link the successive carders together, with 
only the doffer roller (N) between. The finisher 


card is of the same construction, in all essential 
particulars, as the scribbler and intermediate ; 
the only difference is in the finer teeth. At the 
end of the finisher carding engine, the condenser 
machine is set. First note the form of the doff- 
ing cylinder ; it is equipped with strips of carding 
teeth, alternated with spaces of equal breadth. 
As the doffer comb plays on these strips, it draws 
off a row of thin, filmy ribbons. From beyond 
the comb, stretched parallel to the length of the 
machine, run endless bands of card-cloth, and 
by these the thin slivers are carried along, the 
teeth holding them in unity, to where revolves a 
broad, endless belt of leather or indiarubber 
composition. This, also, is moving away from 
the cylinders, and draws the slivers on. There 
is a certain amount of tenaoity in the surface of 
the belt, and the fibres tend to cling to it. Near 
the edge of the broad belt the first of a series of 
rollers revolves, and it rubs and presses on the 
slivers, reducing them in size and enhancing 
their cons'stency. A pair of these rollers come 
next, and under their kind attentions the slivers 
assume almost tlio form of threads. Another 
pair perform the same office, and then the threads 
pass througli a guide comb, and on to large 
bobbinp. Now let us go back a little, and 
observe the details more closely. At first glance 
we can see that all the rollers vary in speed of 
motion, every successive one being quicker than 
its preceding neighbour. Hut the action of the 
rollers is not simply forward ; every one of the 
W'hole series moves to and fro transversely, with 
an oscillating motion. The effect of this action 
is easy to understand. It is the same as if you 
took a wisp of fibres and rubbed them together 
between the palms of your hands ; the fibres are 
rolled and rubbed close together, while the revo- 
lution of the rollers draws theun out lengthways. 
1’lie result of this action is a fine thread ; for 
rough tweeds and heavy woollen cloths, no more 
is required than to give the threads a spin on the 
mule frame, and then the yarn is ready. 


Continued 


1546 




CUBIC CONTENT: PROBLEMS 


Carpeting Floors and Papering Walls. Cubical Content and 
Problems connected therewith. Time, Distance, and Speed 


CARPETING FLOORS AND 
PAPERING WALLS 

155. All problems on carpeting floors, paper- 
ing walls, painting surfaces, etc., depend on 
the same thing — viz., that length x breadth 
~ area. 

In the carpeting of floors, an arithmetical 
question always assumes that the floor is a 
rectangle, and no allowance is made for 
“ matching ” the pattern of the carpet. The 
carpet is taken from a long roll of given 
width, and all the student has to do is to find 
what area of carpet is required (by multiplying 
together the length and breadth of the room) 
and then to find what length must be cut from 
the roll to supply this area (by dividing the 
area by the width). 

The cost of the carpet is generally given as 
so much per linear yard. Then, since the 
number of yards required is known, tlic total 
cost of covering the floor is easily found. 

Example 1. Find the cost of covering a 
floor, 18 ft. long, 15 ft. broad, with carpet 
27 in. wide, at 4s. a yard. 

Area of carpet required — 18 x 15 sq. ft. 

Width of carpet - 27 in. - 21 ft. 

Length reqd.=- ft. - yd. 


Cost = £ 


. 18 X 15 X 4 


21 X 3 X 20 


,.\H X X H X 4 , 


£8 


X X 

Notice that the length of carpet is linear feet, 
and therefore we divide by 3, not by 9, to 
reduce it to yards. The cost is found by 
multiplying the number of yards by the price of 
a single yard— t.e., 48. This would give the 
answer in shillings. We therefore put 20 in 
the denominator, to reduce the amount to 
£’ 8 . 

It should be particularly noted that there 
is no need to work out any portion of the sum 
until we get to the cost. We do not want to 
know the actual area of the floor, or the actual 
length of carpet required. 

Example 2. A room 21 ft. square lias the 
middle covered with a carpet 16 ft. square, at 
98. a square yard, and the space round the 
carpet is stained, at lOd. a square foot. Find 
the total cost. 

Area of flcior - 21 x 21 sq. ft. ^ 441 sq. ft. 

Area of carpet =16 x 16 sq. ft. — 256 sq. ft. 

Area to bo stained = 441 - 256 = 185 sq. ft. 

/. Cost of staining ~ 1850d, = £7. Hs, 2d. 


Price of carpet = Is. per sq. ft. 

.*. Cost of carpet = 256s. 

= £12 168. 

Total cost = £7 148. 2d. + £12 168. 

The student must bo careful not to confuse the 
two expressions, ‘‘ 21 feet square ” and “ 21 
square feet.” 

156. The simplest way of finding the area of 
the walls of a room is to find the distance 
round the floor, or the yerimeter, and multiply 
by the height. This is equivalent to placing 
the four walls into one long wall, and multiplying 
the length by the height to obtain the area. 

Thus, a room 18 ft. long, 15 ft. broad, 10 ft. 
high, if measured round the four sides of the 
floor, would give (18 4- 15 4 18 4- 15) feet for 
the length of our “ imaginary ” wall. Therefore, 
the area of the four walls is (18 4- 15 4- 18 
I- 15) X 10 sq. ft. ; or 

Twice (I^icngth 4- Breadth) x Height -= Area of 
Walls. 

The problem of finding the cost of papering 
the room is now the same as that of carpeting 
a floor. We have only to divide the area of 
the walls, which is the area of paper required, 
by the width of the paper, and we obtain the 
length of paper required. Then, when wc know 
the price per yard, the cost of the entire 
amount is easily found. 

Example. Find the cost of papering a room 
24 ft. long, 18 ft. wide, 12 ft. high, with pajrer 
21 in. wide, at 2s. 9d. per piece of 12 yd. 

Area of walls 

2 (24 f 18) X 12 sq. ft. - 2 x 42 x 12 sq. ft. 

W’^idth of paper 21 in. ~ I} ft. 

• Therefore, licngth of paper required 

/2x42xl2f, .,2x42xl2x4 
IJ 7 X 3 X 12 ^ 

Therefore, Cost 

^ 11 

= .. £“ = £2 48. Ans. 

X X X X X 5 ■ 

5 

CUBICAL CONTENT 

157. We have now to consider the measurement 
of volume, or solidity. Just as the rectangle is 
the chief surface considered in arithmetic, so 
the rectangular solid is the chief solid body. 

A rectangular solid is bounded by six rect- 
angular surfaces, each opposite pair of rectangles 
being equal and parallel to each other. 

A rectangular solid thus has three dimensions — 
length, breadth, and thickness. 

If the length, breadth, and thi<^kness are all 
equal to one another, the solid is called a cube. 
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Hence, a cu&ic foot, the unit of volume, Is a solid 
body whose length, breadth, and thickness are 
each a linear foot. Similarly, a cubic inch 
measures one linear inch in length, breadth, 
and thickness ; and a cubic yard measures one 
linear yard in length, breadth, and thickness. 

168. The number of cubic feet (or inches, or 
yards) in the volume of a rectangular solid is 
equal to the number of linear feet (or inches, or 
yards) in the length, multiplied by the number 
of linear feet (or inches, or yards) in the breadth, 
multiplied by the number of linear feet (or 
inches, or yards) in the thickness. 

This is usually abbreviated into 

Length X Breadth x Thickness — Volume, or 
Cubic Content. 

For, suppose 
the solid in the 
diagram is 6 ft. 
in length, 4 ft. in 
breadth, and 3 ft. 
in thickness. It 
is clear that the 
solid can be cut 
into three slices, 

each 1 ft. thick, “ ^ 

by planes parallel to the face ABFE. But. by 
Art. 163, the face ABFE contains 6x4 sq. ft., 
and under each square foot there is a cubic foot. 
Thus, each slice contains 6x4 cubic ft. There- 
fore, ynce there are three slices, the whole solid 
contains 6x4x3 cubic ft. 

169. Since, 

ticngth X Breadth x Thickness -Cubic Content, 
it follows that, if we know any three of these 
four quantities, we can find the fourth. 
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160. The student should remember that 

(а) A cubic foot of Avater weighs 1000 oz. 
(avoir.), approximately. 

(б) A gallon of pure water weighs 10 lb. 
(avoir.), or, 

“ A pint of clear water 
Weighs a pound and a quarter.” 

We have thus a relation between weight, 
capacity, and cubic content. 

Example 1. A tank 7 ft. long, 6 ft. broad, 
is filled to the depth of 2 ft. with water. How 
many gallons of water are in the tank ? 

Amount of water -■ 7x6x2 cubic ft. 


_ 7 X 6 X 2 X 1000 
16 ' 

3 25 

= X „al 




Example 2. An open tank made of iron 
4 in, thick, is 4 ft. long, 2 ft. 6 in. broad, and 
2 ft. deep, outside measurement. Assuming 
that iron weighs 7*8 times as much as water, 
find the weight of the tank. 

The external volume of the tank 

= 2 X 2 J X 4 cubic ft. = 20 cubic ft. 

Since the iron is in. thick, the inside length 
is i in. less than tbo outside, the inside breadth 
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is i in. less than the outside, and the inside 
depth is } in. less than the outside. 

Therefore, the interior volume 

= 29J X 47J X 23} cubic in. 


59 X 95 X 95 
16“ 


cubic in. 


= 33279 cubic in. 

Therefore, volume of iron in the tank 

= 20 cubic ft:'- 33279}} cubic in. 

= 1280^5^ cubic in. 

But 1 cubic ft. of iron weighs as much as 7*8 
cubic ft. of water, i.e., 7*8 x 1000 oz., or 7800 oz. 

. Weight of tank ^ jj, 


361 lb. Am, 

Example 3. The areas of the faces of a 
rectangular solid are 35 sq. ft., 21 sq. ft., and 15 
sq. ft. respectively. Find the length of each 
edge. 

The areas of the faces of a rectangular solid 
are (i.) length x breadth ; (ii.) breadth x depth ; 
(iii.) length x depth. If we multiply these 
together wo obtain (length)'^ x (breadth)-* 
X (deptli)^, and the volume of the solid is 
the square root of this product. 

Hence, the volume of the given solid 
— n/35 x 2T X 15 cubic ft. 

— X 5^ X P cubic ft. 


— 3x5x 7 cubic ft. 

Therefore, 

Ltmgth (3 x 5 X 7) 15 = 7 ft. ] . 

Breadth — (3 x 5 x 7) ^ 21 ~ 5 ft. V A ns. 

Depth - (3 X 5 X 7) - 35 - 3 ft. j 

162. Wo have seen [Art. 163] that surface is 

of hvo dimensions - we find the area of a 
rectangular surface by multiplying two quan- 
tities together. If, then, wo have two rectangles, 
of which one is twice the length and twice the 
breadth of the other, the area of the first will 
be 2% or 4, t imes the area of the other. Or, if 
the dimensions of the first are 3 times the 
dimensions of the second, the area of the first 
will be 3- times the area of the second. 


Similarly, since cubical content is of three 
dimensions, if we have two rectangular solids 
in which the dimensions (length, breadth, thick- 
ness) of the first are any multiple, say 3 times 
the dimensions of the second, the volume of the 
first will be 3', or 27, times the volume of the 
second. 

But it should be noticed that area of the six 
surfaces of the first solid will only be 3^, or 9, 
limes the area of the surfaces of the second. 


Example 1. The cost of thatching varies 
as the area thatched. If it costs £4 to thatch 
a stack 16 ft. high, how high is a similar stack 
which it costs £2 Ss. to thatch ? 

£2 58. is of £4. Therefore the area thatched 
in the second case is of that thatched in 
the first case. Hence, each dimension of the 
second stack is or }, of th^ correspond- 

ing dimension in the first stack. 

But, the first stack is 16 ft. high, therefore 
the second is | of 16 ft., or 12 ft. high Ana. 
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Example 2. What is the value of a silver 
coin similar to a sixpence, but twice as thick ? 

The coins are similar, so that every dimension 
(viz., length, breadth, and thickness) of the 
one is twice the corresponding dimension of 
the other. Therefore the content of one coin 
is 2^ or 8 times the content of the other. 

Hence, the value of the second coin is 8 x 6d, . 
= 4s. Ans. 

Example 8. The dimensions of a rectangular 
box are as 3 : 4 : 5. The difference between 
painting the outside at 6d. and at 7d. a ^square 
foot is 17s. 7Jd. Find the dimensions *of the 
box. 

Suppose the box to bo 3 ft. x 4 ft. x 5 ft. 
The total area of the six faces would bo 

2 {(3 X 4) + (4 X 6) + (3 x 5)} sq. ft. -- 94 sq. ft. 

But, the difference between the costa at 6d. 
and at 7d. a foot -- 17s. 7 Jd. 21 lid. 

Therefore, the actual area of the six faces is 
21 4 sq. ft. 

Thus, 

Actual area : supposed area I 214 : 04 

: : 423 : 188 

Therefofe, each dimension of the actual box 

= of the corresponding dimen- 
sion of the supposed box. 

Hence, 

Length = ^ x 5 ft. = 7i ft.) 

Breadth -- 1 x 4 ft. - 0 ft. h 

Depth if x 3 ft. 4^ ft. j 

EXAMPLES 19 

1. A rectangular field, three times as long as 
it is broad, contains 30 acres. Find its length 
and breadth. 

2. Find the cost of the paper for a room 
17 ft. 9 in. long, 13 ft. 9 in. broad, and 10 ft. 
high, the paper being 21 in. wide, and its price 
2s. 8d. per piece of 12 yd. 

3. The floor of a room 21 ft. square has a 
square carpet in the middle, costing 5s. 3d. per 
sq. yd. The outside border is (!ovcred with 
oil-cloth at 2s. per sq. yd. Had the whole floor 
l)een covered with carpet, the cost woyld have 
been increased by £3 18s. Find the width of 
the oil- cloth border. 

4. A rectangular cistern is fi ft. long, 4 ft. 
wide, and 3 ft. deep inside measurement. Find 
the cost of lining it with lead, weighing 8 lb. to 
the square foot, at 10s. 2d. per cwt. 

5. It costs £2 17s. 9d. to paper a certain 
room. What would the cost have been if the 
room had been twice as long, twice as broad, 
and half as high again ? 

6. The cost of levelling and turfing a square 
cricket field at lOd. per square yard is 
£852 Os. lOd. What will it cost to surround 
the field with an iron fence at 8s. per yard ? 

7. The dimensions of a rectangular box are as 
7:5:3, and its volume is 13,125 cubic in. Find 
its dimensions. 

TIME AND DISTANCE 

163. The speed, or rate at which a body is 
moving, is measured by the distance through 
which the body would move in a given time. 


Thus, when we say that at some particular 
instant a person is walking at 4 miles an hour, 
we mean that if ho continues walking at the 
same pace as at that particular instant he will 
go 4 miles in the hour. 

A person walking at the rate of 4 miles an 
hour, will go 8 miles in 2 hours, 12 miles in 

3 hours, and so on. Hence, 

Rate X Time — Distance ; 
and when wo know any two of these quantities 
we can find the third. 

164. In many questions on speed, it is useful 
to be able to convert readily “ miles per hour,” 
into ” feet per second.” For this purpose we 
shall first find what rate in feet per second is 
equal to 60 miles per hour. 

60 miles j>er hour 

= 60 X 1760 X 3 ft. in 60 x 60 seconds 
88 

= ft. per second 

= 88 ft. per second. 

Remembering this result, we can easily 
conveit any other rate from miles per hour 
to feet per second. For example, 20 miles per 
hour is jjg of 88 ft. per second, i.e., ft. per 
second. 

165. Suppose two persons walking along the 
same road, the first at 4 miles an hour, and the 
second at 3 miles an hour. Then, if they are 
walking towards one another, at the end of 
1 hour they will have diminished the distance 
between them by 4 + 3 miles, i‘.r., they approach 
one another at the ralo of 7 miles an hour. 
Or, if the first person is following the second, 
at the end of 1 hour they will have diminished 
the distance betw^oen them by 4 - 3 miles, i.e., 
they approach one another at the rate of 1 mile 
an hour. Hence, if we know their • distance 
apart at any particular time, we can find how 
long after that time it will be before they meet. 

Examjfle 1. The distance between Edinburgh 
and London is 4(K) miles. At 12 noon a train 
leaves Edinburgh for London at 40 miles an 
hour, and 1 hour later a trtiin leaves London 
for Edinburgh at 50 miles an hour. When, 
and at what distance from London, will they 
meet ? 

At 1 o'clock, the train from Edinburgh has 
travelled 40 miles, so that, w^hen the other 
train leaves London, the two are 400 - 40, 
i.e., 360 miles apart. But they approach one 
another at the rate of 40 50, or 90 miles per 

hour. 

Therefore, tlu^ time till they meet ~ 360 

90 - 4 hours after*l o’clock. 

In 4 hours the train from London travels 

4 X 50 miles - 200 miles. 

Hence, the trains meet at 5 o’clock, 200 miles 
from T.<ondon. Ans. 

Example 2. The rates of two cyclists are 
as 1 L : 8. They start together from the winning 
post and race round a circular track. The 
better man passes the other every 4 minutes, 
and when the race ends they are passing the 
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winning post together for the first time. How 
long did the race last ? 

Since 11 and 8 arc prime to one another, it is 
clear that they will Ihrst pass the winning post 
together when the first has ridden 11 times 
round and the second 8 times round. 

The faster man thus gains 11 -8, or 3, rounds 
during the race. But, he passes .the other man 
every 4 minutes, i.c., he gains 1 round in 4 
minutes. Hence, he will gain 3 rounds in 3 x4 
minutes, the race lasted 12 minutes Ans. 

Example 3. Three men ride round a circular 
(rack 2112 yd. in circumference. The first 
goes 440 yd. a minute, the second 352 yd., 
and the third 344 yd. If they start together, 
riding in the same direction, how long will it bo 
before they arc together again ? 

The first man gains on tlie second at the rate 
of 440-352, or 88 yd. per minute. Since the 
distance round the track is 2112 yd., the time 
till the first man again passes the second is 
2112 88, i.c., 24 minutes. 

Similarly, the first man gains on the third at 
the rate of 440 - 344, or Ufi yd. per minute. 
He will, therefore, pass the third man again 
after 2112 9(i, i.c*., 22 minutes. H('nce, (he 

first man will pass both the others together after 
the L.C.M. of 24 and 22 minutes, ?.c., 264 minutes, 
or 4 hours 24 minutes .1 ns. 

166. In the case of a train of given length 
passing a certain point, or of two trains passing 
one another, we have to oonsidc^r the distances 
travelled. It is clear that, in the first (^a.se, the 
train has to* travel a distance cMpial to its own 
length, so that, knowing the length of the train 
and its rate, we can find the time taken to pass 
a given point. 

in the case of one train passing another, the 
one train must tjain on the other a distance equal 
to the sum of the lengths of the trains. 

^ ^ W A ^ B 


C D 


And, to pass one another, the one must move, 
relative to the other, through a distance 77 + 88 
= 165 yds. 

Hence, they will pass one another in 

3 

WxW 

2 

(ii.) When they arc moving in the same 
direction their relative speed is 

45 - 30 — 15 miles per hour. 

^ "Ir y^- per Hec. [Art. 164]. 

Hence, they pass one another in (165-^-^.f) 
seconds. 

15 


165 


75x88^ 

60x3 


sec. = 


X 3 _ 45 

W " 2 

•2 


- 22i see. Anfi, 


167. In problems eoaceriiing the rate of a 
boat rowed witli or against a stream the principle 
is t he same. 

If a man can row a boat, say at 4J miles an 
hour in still water, and he rows ajainst a stream 
whoso rate is 14 miles an hour, the actual rate 
of the boat will be 4J - IJ, or 3 miles an hour. 

Similarly, if lie rows uM the slri'am, th(j actual 
rat(^ will bo 4 J -f- I or 6 miles an hour. 

Example. A man rows 7 miles against a 
stream whose rate is 1 mile ])er hour in 1 J hours. 
How long will he take to row back again ? 

Against the st ream he rows 7 miles in 1 J hours 

— -- 4 miles per hour. 

ly 

But the stream hinders him I mile per hour; 
th(‘refore, in still water he rows 4 +1-5 miles 
per hour. 

Hence, rowing down stream his rate is 5 *f I 

6 miles per hour. Therefore, to row 7 miles ho 
will take 7 6 - I J hours - 1 hour 10 min. Ans. 


{Suppose AB and (JD to be two trains, and let 
the train .4B be moving in the direction sliowii 
by the arrow. Then, whether the train CD bo 
moving in either direction or whether it bo 
standing, it is evident that when the two trains 
are again clear of one another, their relative 
position will be that shown by A^B^ and CD. 
Thus, the one train has travelled, relative to 
the other, a distance AA^ which is the distantie 
equal to tlie sum of the length.^ of the t rains. 

Example. Two trains of kmgths 77 yd. and 
88 yd. are moving at 45 miles and 30 miles per 
hour respectively. Find how long they take 
to pass each other (i.) when they are moving 
in opposite directions ; (ii.) when they are moving 
in the same direction. 

(i.) When they are moving in opposite direc- 
tions their relative speed is 

45 + 30 = 75 miles per hour. 

= ^^^ 3 - y^- p®*' *®®- 164J. 


Answers to Arithmetic 

' Ex.xmples 18 

1. 3 X 7 X 13 -- 273. 5. 2‘ x 3 x 11 -- 264. 

2. 22 X 17 - 68. 6. 5 x 23-: 115. 

3. 52 X 1 1 X 19 - 5225. 7. 314*27. 

4. 77. 8. 1*77*28... -1*773. 

9. (i.) 314 ; (ii.) 210*063. 

10. Vi3gy;i •= = 2J. 

11. 7*071 ft. ' “ 

12. £19 5s. 4cl. - 4624d. .*. No. of books 

- \^4624 — 68 A ns. 

13. £6 2s. 6d. — 245 sixpences. Had he sjpent 
as many sixpences each day as there were c&ys, 
he would have spent 245 -h 5 — 49 sixpences. 
.*. the number of days - ;^/49 — 7 days Ana, 

14. Height of tl^ t^p of the window above 
the ground - v^502 - 142 ft. 48 ft. Heig ht of 
bottom of window* above ground — ^50^ - W- ft. 

— 40ft. Therefore, the window measures (48 

- 40) ft. - 8 ft. from top to bottom. 


Continued 
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SUITS FOR THE SCHOOLBOY 

Group 9 

DRESS 

Making the Knickers— -continued. Joining the Legs. Linings, 

11 

Drafting Boys’ Suits. Making Coat with Step Collar 

iah.obim* 

Cuaiinttud froui p. U62 


By Mrs. W. H. SMITH and AZELJNE LEWIS 


'T'O join the logs, turn the fore part over, 
■*’ right side uppermost ; place the left back 
part on to taco this and baste together froni 
the knee to the waist, keeping the to]) and 
bottom together and basting close to the pocket 
mouth [43]. 

Stitch the scam (the back jiart must always 
1>e underncatli when the scams an^ stitched) ; 
remove the basting ; open, and press, slightly 
damping the seam with a. moist rag. lb\ste 
the linen stay of pocket over the si^am and 
fell to cloth, taking care not to h^t th<^ stitches 
show through [s<^e 
stay at }K)cket in 
44J. Turn the 
leg over, and with 
needle and' twist 
make a good bar 
tack (as worked on 
the ends of hut ton- 
holes) at the top and 
bottom of opening, 

'Plus finishes tlui 
jmckets, and we now 
turn our attention to 
the upper edgt‘. 

Baste a strip of 
linen canvas, JJ in. 
wide, along the top 
of knickers { in. 
from the edge, (*nt 
to shapf’, which can 
he joined if neces- 
sary. Bast e this along 
twice, also pieci^s of 
double linen 1<\ in. 
square where the 
buttons are to go 
j441. Stitch round 
the top 1 in. from the 
('dge ; t urn tljo top 
over and serge to 
canvas; turn over 
again, and stitch i in. 
from edge. 

Baste the inside 
leg seam together and stitch ; open, and press. 
After preparing the right leg in the same way 
as for pockets, the outer leg seam, the waist 
and inner seam, baste the l^ack parts together 
from the fly to the top, ke(q>ing the forks and 
tops even. " Stitch twice, remove the basting, 
open, and’ press ; turn up the bottoms of the 
knickers to the thread marks, and serge to 
cloth, taking care not to let the stilehes show 
through, and press over a sleeve-board. 

Work a bar tack ^on the bottom of fly \ in. 
from stitching, as described for the pocket 


ends, to keep this firm, and sow on the buttons 
as already d<^seribed for coat. Cut the linings 
the .same as cloth; stitch, open, and press soaras. 
and arrange in the knickers in the way about 
to be described. • 

Inserting Knickers Lining. Place 
the hack scam of lining to th(‘ back seam 
nf knickei's (both insidt^ out). k(*(‘ping them 
level at the forks and the top. Taek the two 
seams togi’thn* at the top and bottom ; open 
the knickers and lining flat on the table, taek 
the insid * leg H(‘ams together at the bottom, 
with the linings 
rather loose, then 
taek the outside 
seams together at 
the top and bottom, 
still keeping linings 
loose. 

Put the hand 
through one leg of 
the lining, take hold 
of the bottom of 
knickers leg, and 
draw through. Treat 
the other leg the 
same. Place the 
pock(‘ts level ; taek 
the top of lining to 
the knickers : turn 
these towards the 
worker, with the toj) 
at the right-hand ; 
turn the lining in 
round the button- 
catch, baste and fell 
to this. 

Nick the lining at 
the bend on the 
buttonhole side, 
turn in the edge, 
baste and fell to this. 
Cut tlie lining away 
from the top, about 
j in. all round. Take 
a strip of light silesia, 
4 in. wide, for a waistband, and the length of 
this portion of the lining from front of fly, 
us from a in 44. 

Baste to the lining, right side underneath, 
and IJ in. down from top ; run on \ in. from 
the edge of waistband, liolding it tightly 
whilst putting on, leaving ^ in. for turning in 
centre-back ; place the other piece over it, 
and run on in the same way. Turn the waist- 
band up and ert'ase along with the thumb 
where sown on ; baste, cut the band off at the 
top, leaving J in. to turn in. Nick at the sides, 
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afl at B in Fig. 44 ; turn in, baste and fell. 
Turn in the bottoms 1 in. from the lower edge 
of knickers, and fell to cloth. 

Then give the knickers a final pressing in this 
way. Take each leg separately, fold the seams 



44. UPPER EDGE OF KNICKERS 


together, press oyer a damp cloth, and make 
a crease down the front and back [46]. 

Suita for Boyji from Eight to Ten 
Yeara» Wo have now to deal with suits for 
boys between the ages of eight and ten. 

Breast 28 in. ; waist 27 in. ; neck 13 in. ; 
back 14 in. ; full length 22 in. ; J in. turnings 
are allowed on all seams. Scale, half breast, 
14 in. 


For the sleeve draft the pattern as in diagram 
of coat [16, page 1112]. 

Coat, with Step Collar. This coat 
is made in the same way as the previous one 
With the exception of the collar. 

We can tWefore assume the pockets are 
made, and all is ready for the canvas, which 
must be put in loosely — J in. beyond the lapel. 

Take a piece of linen, 7 in. long and l^in. 
wide, to form the bridle or linen stay ; crease 
it through the centre, and place the crease on 
the thread marks for turn over — that is, from 
H to X [46]. 

Baste in position, holding the bridle a little 
tightly, but not tightly enough to full it in any 
way, and place the front on the knee. Work 
two rows of padding beyond the crease (that is, 
away from tho worker), pad the lapel to within 
J in. of the edges, rolling it well over the hand. 
Pare the canvas away a good seam, and place 
the linen stay on the edge, as has been already 
shown, extending it 2 in. beyond tho top of lapel. 

Now take an extra piece of canvas or old 
cloth (tho latter for preference), which must 
extend just beyond the armhole and be carried 
to the side seam. It must be well basted to 
the under canvas all round, and the front secured 


Drafting the Coat. Draw lines at right 
angles from A, B, C, D and 
E, as in previous drafts. ~ 

to C*, J and J in. ; G to H, 
in. ; G line to 11“ , 3 in. ; 
to J in. ; connect to 
neck curve. G lino to P 
J in. more than G to H. K 
to I, one-twelfth (IJ in.). 

Drop the front 1 in., and 
draw straight line to K. Tho 
corner can be curved off to 
any style preferred. 

Complete shoulder, arm- 
hole curves, and side lines as 
in previous drafts. 

Collar. Half an inch 
from make 1 ; draw line 
from H through 1 ; 1 to 2, 
one -sixth of nock, plus J in. ; 
where this line crosses neck- 
curve make X. H* to 3, 

1 in. ; 3 to 4, 2 in. ; to 
6, IJ in. ; 5 to 4, IJ in. 

Draw lines from 5 to 4 and 4 
to 2. Square dowm from 2 ; 

2 to 6, in. (for fall) ; 6 
to 7, 1 in. (for stand). Curve 
from 5 to 7, and from X to 
6 ; 6 to 8, J in. Draw hno 
from 7 through 8 to 2. H 
to 6 represents the fold of 

' collar and rever [46]. 

Pocket. One and a half in. 
down from waist, on line G, 46. fbessino 
make 6 ; 6 to 7, in.; 6 to 8, 

I in. ; 7 to 9, the same. Draw line from 8 to 9 ; 
^8quare two lines from 8 and 9, 5J in, ; and 
connect with a straight line [46]. 

For the breast pocket the opening is 4 in. 
.[For position see 46.] The welt, J to 1 in. 


46. FBESSINO IHB KRICKEBS 


to the bridle. The stitches must not show 
through, as they remain in. 

The Facing. Place 
the fore part on the table, 
lapel turned back, and press 
over a piece of linen. The 
facing is now basted in, and 
must bo put on full round 
the edgt^s of lapel, as from 
H to X (if this is not done 
the lapel will not lie flat, but 
curl up), and should extend 
i in. above the neck lino. 

Stitch the edges, cut them 
even, remove the basting, 
turn the facing over, and 
work the point out nicely. 
Baste the edge of lapel on 
tho right side, working the 
seam over J in., so that it 
will not show on the edge. 
If it shows, the effect will 
be spoiled. Roll tho lapel 
over tho finger, pressing the 
cloth a little towards the 
corner, and" baste from top 
to bottom over the crease. 
Turn the fore part over, 
faoing uppermost ; turn the 
lapel back under, and place 
it in this position on the 
table. Baste the edge from 
lapel to the bottom, keeping 
tho seam in ^ in., so that it 
IB KRICKEBS does not show on the right 
side. Baste down«the centre 


Biae. Baste down^the centre 
of facing, taking great care not to pull the oloHi 
back from the lapel, but rather keeping it easy 
at that part. Serge the edge of facing to canvas 
only. Nick the cloth a seam from the corner 
of lapel, and continue coat Is shown. 
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After pressing the seams secuiiB the canvas 
to the turning beyond the shoulder seams, 
^stretching the canvas while doing so. Secure 
tho cloth facing to the canvas, and insert linings. 

Tracing Collar, W(^ are now ready for 
the collar. Trace it off on a piece of brown- 
paper, marking tho crease (X to (>). The canvas 
must be on the bias, and two pieces are required, 
which may bo cut J in. Jongm* at centre of baek. 
Join centre-back by letting one end overlap the 
other. Cut two pieces of cloth ^ in. larger tlian 
the collar all round. Stitch them together at 
tho ])ack, and press open ; turn the canvas 
back to crease, and fit to the neck. If it is a 
little small, stretch it to make it lit. Place the 
canvas on the wrong side of collar, leaving { in. 
margin all round, and baste through the crease. 

The stand must have a few vows of stitching 
to make it firm, and the fall must be padded to 
the cloth, care being taken to have no ridges 
between tho roAvs. Turn tho stand back, place 
on the table with the latter uppermost, and 
press (keeping the neck “snug” — if., well in 
shape and not stretched). Now cut the outside 
collar. This must be cut across tlie material 
in one piece, and j in. larger all round— more if 
the material be loose or inclined to rav<*l. Be 
sure to chalk-mark the turn-over. Place tho 
collar on the table, cloth uppermost ; put on 
the outside collar with tlu^ wrong side upper- 
most, baste to collar througli the centre, leaving 
j in. ov(‘r and above the edge*. 

Now baste the caiges togedhor from the right 
iiand, fulling the cloth on well 1 in. on either 
side of the corners fseo Flai* PookeiJ. Stitch 
the edg(*, remove basting, turn tho facing over. 
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work the corners out w('ll, baste round the edge 
from the inside, k(‘eping the seam*well under. 
Roll each (‘ud ov(‘r tlu' linger, pressing the cloth 
towards the point, and pul two or fhreci small 
hasting stitehes (o keep in j)ositioii [47]. Pare 
il)(‘ cjinvas away, leaving In. of elolh free, 
from end to end. Seciin' the facing atid canvas 
to the neck part, turn the coat over, wrong side 
upptu’most ; place the collar on, Avith tho 
notches togethej* find the (a*ntre of collar to 
centrii of back ; haslet to the neck along tlio 
('dge, and stitch or fell on the threaVi marks. 
Remove the basting, open and ])ress the seam, 
and turn the (;oat ov(.‘r. 

Fell the raw edg(^ of under-eollar round tlu? 
iK'ek, pulling the cloth down a little over the 
seam at the corners, and holding the collar well 
o\r-r the hand, slightly stretching the hollow 
of the neck, rurn tlu^ coat over ; turn back the 
collar and hi pel, iilace on a sli^eve-lxiard, and 
press OA’cr a piece, of linen right round, curving 
the mv'k and keeping it snug.” Take a needle 
and silk, and stitch along neatly from end to 
end, just below tlio crease, to keep the collar- 
facing in position. 

Sew a haiigi'r on coat near tho lining, and 
stitch twice at both ends. Place a piece of linen 
on the right side of collar and lapiJi, and give a 
gcmtle pn^ss off. 'J'lie iron must be lifted up and 
down, not moved backwards and fovAvards. 
Omtinufd 


G 


155'5 


Group 11 

REINFORCED 

CONCRETE 

CIVIL 

ENGINEERINO 

11 

The Advantages and History of Reinforced Concrete. Details 

Conti uuixl from {tage 1454 

of Construction and Formulae. 

Use of Expanded Metal 


By Professor HENRY ROBINSON 


DOTH on the Continent and in America the 
■ combination of concrete with iron or steel 
has for years past been employed for ditferent 
kinds of structures, but until quite recently the 
hnportance of this method of construction lias 
not attracted the practical attention of engineers 
and architects in England which it deserves. 
Combinations of concrete with iron or steel are 
know’ll by various names such as “ Ferro- 
concrete,” “ Armoured Concrete,” “ Omcrete 
Steel,” “Fortified Concrete,” etc., but the name 
“ Reinforced Concrete ” is the term now generally 
accepted as covering all systems. ‘ 

Perhap.s the first use of reinforced eoncrelo 
was in 1876, when M. Monier put into jiractieo 
an invention for which ho received a diploma 
at the Paris Exposition in 1878. As Monier’s 
system became known, and the ini])orhince of 
his method of construction n ‘cognised, other 
systems sjirang into existence, the outcome of 
various combinations of material, and at the 
present time some fifty exist, many evi- 
dently being brought out to avoid infringing 
patent rights. Some of those systems (uuploy 
metal with peculiar sections. Others employ 
ordinary sections in peculiar positions. All, 
however, have the same object in view — that 
of placing the metal in such a position that it 
will take up those stresses which the concrete 
is least ablefto deal with, or which tlio coniToto 
would not be able to take unaided. 

The peculiar properties of reinforced concrete 
are still the subject of controversy, and most of 
the constructors or patentees rely cliictly on 
empirical formulnc' and ” sjieciiic combinations ” 
(as they arc legally termed). 

Tlie advantages of the system wo’ll bo 
better appreciated if we give examples of 
the various purposes to which it has 1 
already been practically applied. 

American Use. In America this “ rein- 
forced” concrete is used in the construction 
of office buildings of sixteen stories, alno for 
factories, railway stations, etc,, the foundations, 
walls, columns, girders, fioors and roof forming 
one monolithic mass. The Visintini system 
(introduced from Switzerland) employs girders 
of the Warren type, but of armoured concrete, 
made separately, and resting on brackets placed 
on armoured concrete columns. Across these 
main girders are similar, but shallower, girders, 
laid together and forming tlio floor. One 
manufacturing establishment built in this w’ay 
is 200 ft. long and 50 ft. wide, having a 
middle row of columns. The main girders arc 
2^ ft. long, 25 in. deep, 12J ft. apart, and 
carry beams 12 ft. long and 6 in. aeop, laid 
closely together. The girders and beams are 
composed of 1 part of Portland cement, 1| of 
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sand, and of broken trap rock, armoured or 
reinforced with J in. steel bars. The columns 
are composed of 1 of cement, 2 of sand, and 4 of 
broken stone ; they have vertical 1 in. steel rods, 
conneettid by horizontal rectangular hoops of 
Htocl Another system of concrete construction 
now being extensively used for residences, and 
for hotels, banks, and business buildings in the 
smaller towns, consists in the use of hoUow con- 
crete blocks instead of bricks. Those blocks 
arc made in moulding machines of various kinds, 
all sorts of moulds being used for ordinary 
blocks, lintels, sills, pillars, and architectural 
or oruamoiital sliapes. 

A Reinforced Concrete Reservoir. 

The following is a description of a design for 
a circular .stawico reservoir for water supply 
w'liich the wTitcr made a few years ago, and 
which had to be const ru(!ted on the site of an 
old one that had collapsed through the sub- 

sidenco of the ground caused 

removal of coal be- 
neath it. The work was 
DiAMtTtn designed to be carried out 

V a 6'. o'" on 10 41*' by the Armoured Concrete 

I Constrmdion Company, of 

**0 Westminster. The various 

? calculations arc given in 

* ) detail to show' thei methods 

// V j employed to determine the 

*♦' !? j sections of the combined 

/ materials. 

1^' Owing to the fissured con- 
i’ dition of the land, the calcu- 

lations wore l .isod on the 
a . .rLoo. ...N t "'all Standing on the ground 

:>^i.RouND LINE uiisupportcd on either side, 

if -J ' .} J show'll by 1, from which it 

SECTION OF WALL will be seoii that the depth 
of the reservoir was 13 ft. 
4 in., and its diameter 86 ft. 9 in 

When the reservoir is full the maximum 
horizontal pressure near the liottom = Z. 

Z (for a section 4 in. high) at 160 in. of water 
~ 0*0026 ton per square inch. 

Z = 0-002G X 4 in. x ^ 5.41 tons. 

The sectional area for the iron rods necessary 
to take this tensile stress is calculated on the 
assumption that two-thirds of the safe load 
(which is taken at 6*4 tons) is not exceeded. 
Tliis is in order to allow for any weakness in the 
w'clded or hooked joints. 

Then, sectional area of rods 

= Fe = |— = 1-27 sq. in. 

As the walls were arranged to be constructed 
with double armouring, it followed that instead 


Kwi»_ i.Ci.gp_w LIN c \ 
r*'. I.ROUND LINE '’rlV 

w jv iF ; p -^^-1 f y 

SECTION OF WALL 
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Ot one rod of 1*27 sq. in. area, two rodn 
of 0*625 sq. in. (or in. diameter) were 
used, and spaced as shown in 5. The rods 
for the top portion of the wall, where the 
pressure is not so great, are reduced to ® in. 
diameter. The vertical rods are spaced 4 in. 
apart, making a neUvork having iiujshcs 4 in. 
square. 

The concrete in this case was 10 in. thick at 
the bottom and 5 in. thick at the top of the 
wall, but the thickness depends entiivily on the 
conditions of each case under consideration. 

Calculations for the Floor. The 
floor was calculated to carry at any part an 
equally distributed load of 4 tons per S(piare 
yard with a clear span of 6 ft. G in. 

Tons per sq. 
yd. 

Water pressure = 0 00-20 ton 
I)cr square inch or .3 ‘.*17 

Allow for dead weight . . . . 0* 63 

Total 4*00 


whore M = Moment of load, 

K = Safe load per square inch foi* iron 
(6*4 tons), 

d = Thickness of concrete. 

Therefore, 

«-4 '8 = *''• 16 

It is necessary now to determine whether in 
the section that has been obtained either the 
compressive stresses in the concrete, or the tensile 
stresses in the iron, will exc('cd their limits. 
The proportion of tlie coehic itMit s of elasticity 
of coiicride and iron being 10, it follows that 
ten times tho section of iron represents the 
proper area of eoricrete, and for tho increased 
total sectional area thus obtained the exact 
position of tho neutral axis has to be cal- 
culated [3J. From this the maximum com- 
piH'ssivc and tensile stress(‘s can bo deduced 
thus : 

F — Increased sectional area — 8 in. x 3 in. 

-1- 10 X 01 5— 2.5*5 sq. in. 



3Mi(‘ eoiuTcte in the floor was to be 8 in, thick, 
and the rods were to be laid to form 3 in. ineslies, 
SO that wc have to calculate the armouring for 
a slab 6 ft. 6 in. span with a width of 3 in. |2|. 

^ , 4*00 tons ^ ^ 

Load per sq. in. 0*003 ton. 

Total load for 3 in. slab ~ 6 ft. 6 in. x 3 in. 
X 0*003 =-78 in. x 3 in. x 0*003 0*70 ton. 

The slab being taken as a continuous gil der, 
Tvr 

^ 10 • 

Moment of load - =5-46. 

For a rough calculation of tho sectional area 
of the rods the following empirical formula 
may bo used : 

X id 


S =- Static moment of F relative to top of 
section - Fa {n being,! he distance ot 
centre of gravity from the top of tho 
section). 

S (24 X tt) -I (1*5 X 7) - 06 -t 10‘5 = 
106.5. 

J - Moment, of inertia relative to top ot 
.section — (h~ 8 in.) 

J - (06 X § X 8) 4 (10*5 X 7) - 585*5. 

5 ~ Distance of neutral axis from top of 

4 - ^ . 

section - - *>5- 5 *”* 

J5 = Moment of infirtia relative to neutral axis 

- J - 5-F 585*5 - 4*18- x 25‘5 

- 138*5. 

From the following formula of Navier’s tho 
maximum compressive or tensile stress at a 

distance ?/ from tho neutral axis ~ 7 ~ , 
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7. EXPANDED METAL FOR CULVERT 


The sectional area 
of the rod being 
0*15 sq. in., the tensile 
stress in the bar of 

Q.jg =-6-4 toiw per 

square inch. 

Concrete and 
Expanded Metal. 

The method of rein- 
forcing concrete em- 
ployed by the New 
Expanded Metal 
Company is deserving 
of mention. It is 
Cixrried out by placing 
sheets of mild steol 
vertically on edge, 
and with one opera- 
tion slotting and 
drawing out the metal 
to the form shown 
ill 4. No loss of 
material or 'weight 
t akes place. The 
expansion varies be- 
tween 0 to 12 times 


the saluo of y in this case being, for com- 
pression 4' 18, and for tension 3 82. 


Thus we have : 

Maximum compressive stress in concrete 
4*18x5*40 

- — 138 ^ 5 — ~ ^ square meh 


Maximum tensile stress in concroto 

3*82 X 5*40 A 4. • 1 

^138*'' = ^ P^‘i’ square meh 


the original length of the sheet, but thc're is no 
alteration in the width. 

The resistance of the sheet before being 
expanded is 48,000 lb. per square mob. The 
ultimate strength of the metal when expanded 
is said to bo iucreasi'd up to 03.000 lb. per square 
inch. There is a loss of elasticity in tlie metal 
which is rather advantageous, as it is not 
advisable to have too elastic a substance, 


Assuming that the whole of the tensile 
stresses are taken up by the iron bar, the tensile 
stress Z in this bar is ealculated as follows [3] : 


The formula employ<.‘d by the Expanded^ 
Metal Company for concrete slabs reinforced 
with expandi‘d steel is as follows : 



where 

M = Moment of load, 
X The distance bc- 
tween t h o 
centres of the 
tensile and 
comp rcssive 
stresses. 

Tiio centre ot the 
compressive stresses 
is situated at the dis- 
tance 8 3 from the 

top of the sect i on. The 
tonsile stresses may bo 
fairly assumed to be in 
the centre of the bar. 
Thus we have 

»8 - -1=5-61, 

O 

r, M 5-46 

v 



=5 0*96 ton. 


8. EXPANDED METAL FOB CULVERT 
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Safe working load in 
cwtB. per square foot 
_ 6 X r- 

*”■ '■*•*' t 

where i - Thickness of 
slab in inches, 
s — Span in feet 
from centre to 
centre of sup- 
ports. 

The sectional area of the 
expanded metal as com- 
pared with that of the 
concrete is in the propor- 
tion of 1 to 2(M). 

Expanded metal is not 
adaptable to beams, so 
that where floors, et(!., 
are being constructed on 
this principle the ordinary 
steel joists are employed. 
In cases where it is 
necessary to plaster the 
underside of the joists, or 
girders, the method of 
doing so is as sliown in 6. 

Use in Culverts 
and Conduits. Figs. 
7 and 8 show the con- 
struction of a culver! with 
expandiid metal i\‘in forc- 
ing the concreh'. Fig. 9 
gives details of a r(‘inf()rced 
concrete conduit. 



tigs. 10 and 11 show a retaining wall con- Figs. 12, 13, and 14 illustrate the piles that woro 

structed at West TTartlepool. This wall, although used in the case' referred to. Tlu^y were (!on- 

on the sea front, was not designed to withstand structed on the Hennebi(jiie sysU^m. Fig. 15 

heavy sea action. shows the steel roinfon^einent n^ady for mould- 

Bridge Construction with Reinforced ing with concrete as follows : 

Concrete. Figs. 16 and 17 show the emjiloy- The piles are constnujted in vertical timber 
ment of armoured concrete on a bridge con- moulds supported l)y fiames, the inner section 

structed by Messrs. Wayss & Frey tag over the of the mould (jorresponding to the size and 

Ybbs. Fig. 16 shows the work in pro- shapv- of each pile. TIu* working face of the 

gress, while 17 is a view of tlie bridge when mould is left open. being first taken to see 
completed. that ev('rvthing is p(*rfoctIy plumb. The steel 

Reinforced Concrete Piles. Files shoe is then instnled in tluj bottom of the 
constructed of reinforced i mould, with its upper ends 

concrete have been success- i turned over imvardly to form 

fully (unployed, and .an in- a k('y to the concrete. The 

terc^'ting description of their t'Gronohfh.c vertii^al rods arc then placed 

uses was given by Mr. A. (1. \ / position, about an inch 

Galbraith, in a Paper at the / \ below the surface of tlu*. con- 

Sooiety of Engineers, in 1002. crete, and connected together 

Their superiority to wooden ^ ^ , \\ *\ with dislanec pieces dropped 

piles consists in their being ^ ^ A from the. to{> as required, 

free from decay and attacF V \ ('onend ing is t lien commenced 

of insects. With regard to Hly [ / W * working face of the 

the destruction of wooden . [ y y * moulds is gradually closed 

piles by insects, the “ teredo,” ^ with shuttering fixed about 

or ship worm, has been known J \^‘***vi* * ^^eight by the 

to destroy a pile within twelve ? I workman as ho proceeds 

months. It has been found .VI • with the punning. After 

that in a comparatively short p 4; ^" . I > : about 38 liours the concrete 

time 50 per cent, of the i :> 7 A V v* 7^*1 is suffiiiiontly set for tlie 

weight of the pile has been rownefot^^^/yere >vec#s8#ry. moulds to be stripped, and 

removed. The reinforced tn^s^uorm fhe piles arc allowed to 

concrete pile, however, may Sroa* .002 remain from 28 to 40 days to 

bo considered indestructible. 9. expanded metal conduit dry preparatory to driving. 
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It is sometimes more < 
eoonomical and con- 
venient to make the 
piles in horizontal 
moulds, but in that 
case the greatest care must be 
observed in obtaining the right 
consistency of concrete, so that 
in the punning operation the 
cement be not worked out too much to the 
upper surfaoo. 

Fig. 13 is a typical example of a sheet 
pile in elevation and transverse sections, 
showing the disposition of the steel work 
and drifted shoe. Fig. 12 is a plan of tho 
same pile, showing the arrangement of 
tho distance pieces, stirrups, etc. These 
piles are fitted on each side with a semi- 
circular groove which extends from the upper 
end of the shoe to tho top of the pile ; and at 
the lower end of the pile, on its longer side, is 
fixed a metal spur which fits into the groove of 
the pile preceding it, and acts as a guide in 
driving. After driving, these grooves are care- 
fully e4oancd out by a wator-jet and filled with 
cement grout, forming a solid watertight joint 
between tho piling. These piles are made in 
lengths of 4() ft. and 48 ft., and have all tho 
resiliency and elasticity of timber piles. As an 
instance of this, a 14 in. by 14 in. pile, 43 ft. 
long, suspended in the middle, will bear a 
deflection of from in. to 4 in. and, unlike 
timber piles, they can be easily lengthened and 
joined to the adjacent work. 

The 
design 
of the 
pile is 
based 
on a cal- 
cuLition 

of tho force to which it will 
be subject in the operation 
of driving, and tlie following 
formula enables this to be 
determined. 

Let 

W = The load, 

Q = Weight of 
monkey or 
ram, 

/ = Fall of mon- 
key. 

W =Qx877;(1) 

Dr. Ritter’s formula is 
generally used to ascertain 
the supporting power of 
piles after driving. 
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Then 



11. DETAIL OP WEST 
HABTLEeOOL SEA-WALL 

W — Load in pounds, 

Q = Weight of monkey, 
g = Weight of pile in 
I)ound8, 

h = Height of fall of 
monkey, 

c — Final penetration 
in inches. 

Then 


W n. 


Q + q 


13. FEKRO-CONCRETE 
SHEETING PILE 

Continued 


h Q -H q . . (2) 

The value of e varies 
from 0'25 to 0*10 in., 
according to tho strata into 
which the pile is l>eing 
driven. The former value 
suffices under ordinary 
(unaimstanoes. On the 
value of W being ob- 
tained, it must bo reduced 
to the safe bearing load, 
with an allowance of 10 
as a factor of safety. 

Pile Driving. Re* 
inforced concrete piles can 
be driven either by hy- 
draulic pressure or by the ordinary- pile- 
driver. The l)est results, however, seem 
to bo obtained by employing’ a heavy 
monkey with a short drop. A helmet 
should be placed on the pile with a space 
between the head of the pile, and the 
helmet filled with sawdust. 
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of the world. One of the great fishing centres 
is the Lofoden Islands^ in the north, where mil- 
hons of codfish are caught and dried annually ; 
then the reeking livers arc stewed in huge 
boilers for cod-liver oil. The season logins in 
January, and lasts till April. For the next two 
months the fish are left to dry in the summer sun, 
and the fishing fleet returns for the .spoil in June. 
The whale and seal fisheries arc also imjxirtant. 
In a word, it is to the sea, not to the land, that 
the Norwegian 
looks for a 
living. Of the 
land three- 
fourths is un- 
productive. over 
one -fifth forest, 
and less than 
one - thirty - third 
cultivated. 

Towns of 
Norway. In 
such a country 
the towns are, 
of course, all on 
the coast. Tnthe 
south, on Chris- 
tiania Fjord, 
is Christiania, 
the capital, at 
the end of an 
ocean avenue 
fringed with 
pines and walled 
with mountains. 

Farther east, the 
Clommcn, the 
longest river of 
Norway, Hoavs 
to the Skager- 
rack. Look out on 
the map Dram- 
men, Stavanger, 

Bergen, CJiris- 
tiansand, the old 
city of Trond- 
hjem, Narvik, 
formerly V^ic- 
toria Haven, the 
terminus of a 
line across the 
mountains from 
Cellivara in 
Sweden, Hammorfest, and Vardo, all iishing 
ports, finely situated on fjords. 

SWEDEN 

Sweden (nearly 173,000 sq. miles) is the gentle 
eastern slope of the Scandinavian jfiateau. In 
the north the province of Norrland occupies 
half of the country. It is “ a land of very 
short summers and very long winters, of high 
mountains, and great rivers which run in almost 
parallel lines to the sea, forming navigable 
waterways to the coast 200 and 300 miles 
long, A land of great primeval forests and 
‘ jftwampy wildernesses, of vast timlwr and 
mining industries.” Svealand, the midland 
province, is “ the region of great lakes and smiling 


pasture lands, of well-tilled fields and well-to-do 
peasant homesteads, of prosperous towns and 
fiourisliing industrial enterprises.” Gotland, in 
the south, is the richest part of Sweden, “ The 
ports along its seaboard are only rivalled 
by the capital, which dominates the midlands. 
Rich agricultural lamLs and teeming factories 
are the principal sources of Sweden’s agricultural 
and industrial wealth.” 

Contrasted with Norway. Here, evi- 
dently, is a land 
very different 
from that on the 
opposite slope of 
the mountains, in 
whu^h a richer 
unci more varied 
lifci is j)os8iblo. 
Unlike the Nor- 
wegian, tlic Swede 
may hope to win 
a living from the 
land, with its 
triple gifts of 
corn lands, forest, 
and inincirals. The 
highlands of Nor- 
way intercept tlu' 
mild, rainy wind.s 
from the Atlantic, 
just as the west- 
(Mu hig]jland.s do 
in Britain. There 
is the* same con- 
trast l)et\veen the 
wet, mild, west 
Noi’way and the 
more extrenu^and 
drier east Swivlcm. 
In winlcT the 
Swedish ports an* 
closed l)y ice‘, snd 
a ditheuit line has 
been carried 
across the moun- 
tains to reach 
Narvik, the iee- 
free port for the 
northern iron 
mines in wint(‘r. 

As in Norway, 
tluj summers arc 
short, and almost 
continuously light, while the winteis are long and 
dark. Th(?y are, howeviT, more seveie than in 
N orway . The du ration of wint(‘r varit's consider- 
ably. In Norrland ic(i and snow bust about 20l) 
days, against lot) in (’eiitial Sweden and 115 in 
the south. In the south the ice on river and lake 
breaks up in April, but further north not till May 
or June, according to latitude and elevation. 

Resources of Sweden. These are 
threefold. In the flat south, wheat, barley, 
rye, and oats are grown, and much beetroot for 
the numerous sugar factories. In the undu- 
lating midlands innumerable farms are found in 
the forest clearings, the cattle being driven 
in summer up to the higher, richer pastures. 
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Cn the north neither the mountainous country 
nor the climate suits agriculture, though a little 
is carried on as far north as the Arctic Circle. 
This is the forest district, which supplies Sweden 
with her leading export — timber in various 
forms. Much is sawn in the forest, in mills 
turned by the innumerable streams. Tt may 
then be converted— by water-power, of course — 
into door or window frames, whihi the shorter 
lengths are made into matches, or wood-pulp, 
out of which much paper is now manufactured. 
In all these forms the forest ludps to enrich 
Sweden. Mining is also extnmiely important ; 
Swedish iron in particular, which is most 
abundant round Gcllivara in Lapland and 
Dannernora in the centre, is of ex(;cllent quality 
and in great demand. Copper is mined at Kalun, 
and there are other useful metals. ( 'oal is scarce. 

How the People Live. Outside the 
towns the Swede is a farmer, a forest worker, or 
a miner. In the towns he is a clever, industrious 
artisan, whose industries are rapidly growing. 
In the remoter districts, where communication 
between farm and town is difficult, the farmer 
must be farrier, blacksmith, wheolw^right, etc., 
while his womenfolk spin and w^cavc, and arc 
the tailors of the family. In the mountain dales 
ihe picturesque old dn^sscs are still Avorn, 
and life is lived very simply and frugally. The 
towns are attracting people from the country 
districts, and there are signs that Sweden is 
slowly changing to on industrial ccuintry. I'or 
such a career she has many advantages. A 
notiible one is the <*,xcellent wat(U' communica- 
tion. The great lakes are like inland seas. 
Wener Lake covers over ‘2,000 square miles. 
Lake Wetter is nearly 750 scpiare miles, and 
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Lake Malar 500 square miles. Many canals 
have been cut to unite these and smaller lakes. 
The most important is the^ Cota C^anal, from 
Goteborg (Gothenburg), the chief port, to Stock- 
holm, the capital, by w^ay of Lakes Wener 
and Malar. As in Norway, most of the towns 
are on the coovst. Goteborg, Helsingborg, 
I.(andskrona, Malmo, Karlskrona (the naval 
station), Norrkoping, and Stockholm (the capital) 
may l)e looked out on the map. Of inland towns 
the most important are the universities of Lund 
and Upsala. Stockholm, built on islands con- 
nected by many bridges, is often called the 
Venice of the North. With its lakes and pine- 
woods, its hills crowned by palaces and churches, 
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and its many fine buildings, it is one of the most 
picturesque capitals in Europe. 

DENMARK 

Denmark consists of the peninsula of Jutland 
on the mainland, the large islands of Fyen 
(Fiinen) and Sealaiid, and many smaller ones. 
Look out these and the channels between on a 
map. Including the Faroe Islands and Iceland, 
its area is about 1 5,000 square miles. Neither 
mainland nor islands have hills over 600 ft. high. 
The scenery owes its charm to the contrast 
between the cultivated shores and the winding 
straits. Jutland has low, sandy shores with 
many lagoons on the west coast, and a somewhat 
higher shore, with better harbours, on the east. 
After the primeval bccch-forests disappeared, 
it passed into boggy, treeless moorland, almost 
impossible to cultivate. Within the last century 
much has been conv(M*tod into excellent meadow 
or agricultural land by draining, and by planting 
trees on the wu'stern or w^indward side. Koads 
and railways now' penetrate prosperous districts 
which, in the liftdime of their inhabitants, wore 
inac(u*s.sibl(^ and boustOess moorlands. Four- 
tifths of the country is now productive. 

Denmark is in the latitude of Southern Scot- 
land, and has a similai* climate, with rather 
colder winters and warmer summers. There is 
sufficient rain to ke(‘p the meadows green. The, 
Baltic is frozen in Avint(‘r, and the Sound and 
other channels occasionally blocked with ice. 

Danish Industry, The Dane is a model 
farmer and dairyman. By promoting education 
and using tlu^ best seientitie methods, he has 
transformed a, poor country into a prosperous 
one. Danish dairy ])rociuee, butter, bacon, and 
eggs, ar<* famous for their ('xeellont quality, 
^lany dairy farmers work on the co-operative 
principle, W'hieli gives uniformity of quality at 
minimum cost. Om* large co-operative dairy 
handles the milk of over (>,000 coavs daily. The 
chief agri<adturul crops arc barley, rye, and sugar 
beet, with Avliich are connected the industries of 
distilling and sugar-making. Denmark is a land 
of seas and islands, and most tOAvns are naturally 
on the coast . 'fo commimicatt^ betAA'cen island and 
islan<l, the trains are run on to ferry steamers. 
Look out on the map Esbjerg on theAvesi cofist of 
Jutland, Aarhuus and Fredericia on the cast, 
Nyborg on Fyen, Gjedsor in the south of Falster* 
and Elsinore, or Helsingor, and (Copenhagen 
on the Sound. (A)penhagen (Kjobenhavn, 
meaning Merchants’ Haven), the capital, is 
admirably situated for trade, at the entrance 
to the Baltic. Soon from the sea, its harbours 
crowded with shipping, and its spire,s outlined 
against the sky, it is extremely picturesque. 

The Faroes, or Sheep Islands. Few of 
these are inhabited. Fishing and the keeping of 
sheep and ponies are the chief occupations. 

Iceland. Iceland is a land of mountains, snow 
fields, volcanoes, geysers, long, hard winters, and 
short, light summers. Sheep and ponies are 
fed, and the men go to the Arctic fisheries. 
The fine scenery, including the active volcano 
of Hekla, 'attracts tourists in summer. The 
Capitol is Reykjavik, in the south-west. 

Continued 
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By Dr. C. W. SALEEBY 


'THE epoch-making development of the physical 
^ sciences during the first five years of this 
century has rendered the task of the writer an 
exceedingly difficult one, since previous experi- 
ence and custom can no longer afford any guide 
as to the proportions, and scarcely any as to the 
arrangement, of the various parts of his subject. 
Whether in writing a text -book on ])h3^sics, or 
in arranging a series of text -books on the various 
branches of the science, the same difficulty is 
encountered. The customary arrangement wiis 
simple enough ; matter was defined in half a 
dozen words, motion in a few more, dynamics 
and the properties of mat ter wore dealt wifh, 
and then there remained heat, sound, light, and 
magnetism and electricity. But the now tlieory 
of matter, to which wo have rnadtJ various 
allusions, has profoundly altered our whole 
conception of the subject. Tt looks nowuidays 
as if electricity had, potentially at least, swal- 
lowed the whole of the rest of ouv subject, and 
to relegate it fo a final section of a coui’so of 
physics would bo absurd. Fortunately, that 
has not been necessary in the present instance. 
But the new theory of matter has thrown more 
and more stress upon our concept ion of energy, 
to which wo have already referred, and has still 
further accentuated the importance of that con- 
ception of the conservation of energy which w<‘ 
have called the greatest fact of phy.sics. 

Heat. In order fully fo appreciate thi.s 
stupendous truth, it is ne(K\ssary first, however, 
that we turn our attention to the science of 
heat, the study of which was all-iraj-iortant in 
enabling physicists to found this great generaU- 
sation. Our present purpose, then, is to discuss 
what is known of heat — a subject to which wo 
have already Ixjen introduced in eoivsidoring tho 
kinetic theory of gases— f hereafter to devote 
ourselves to the study of the conservation of 
enprgy, and then to proceed to cousidt^’ sound 
and light. Finally, we propose, if possible, to 
consider tho magnificent work of Prof. J. J. 
Thomson, of Cambridge, and the new tlioory of 
matter of which he is the chief ex])onent. But 
whether we shall bo able to do this depends 
upon the degree of completeness which that 
theory may attain within the course of two or 
three months after writing these words. 

Our Untrustworthy Sensations. By 
Vay of a preliminary to our study of heat, 
wo must first of all rid ourselves of tho confusion 
into which our own sensations lead us. When 
we speak or think of heat, there is always in- 
volved an idea derived from a group of sonsa- 
with which we are all familiar ; and so 
the first thing we must do is to distinguish 
between what psychologists call the , subjective 
ahd objective aspects of our study. Subjectively, 


wo are familiar Avith sensations of heat and of 
cold, but directly we att-empt to analyse the 
facts w'o observe that these sensations are in 
ourselves, and are duo to external causes, which 
(‘an l>e sharply distinguished from the sensations 
directly w'o remember that the same extonial 
cause may appear hot to one hand and cold to 
another. This may easily bo proved. If you 
hold one band in very cold water for a few 
minutes, and tbo oilu'r at the same time in very 
hot w^ater, and then plunge tlie two hands into a 
basin of lukewarm Avatt'r, one and the same 
objoc'tivo cause will excite' a se^nse of boat in the 
one hand and of cold in the olli(;r. This simple 
experiment suffices to domoustrate that it w'ill 
not do to mix up psychology and physics in our 
discussion of heat. Tho psychologist, of course, 
is immensely interested to discover that the 
lukewarm water appears warm to the cold hand 
and cold to tho hot hand. This to him is an 
instance of the fac^t. called the relativity of 
sensatiom. But our present eorieorn, as students 
of physi(‘s, is not with tho sensations at all, but 
with tho external objects oi* facts that cause 
them — that is to say, we arc dealing with heat 
as an objective thing, and it would be all one to 
us if our bodily organisation wus altered, so 
that, as might quite well lx\ lu^at were audible 
or visible. 

The Poker and the Coat. But 

another trick wiiieli our sensations play us will 
.servo to loach us an important fact. You pick 
up (he poker on a coUl morning, and it feels 
cold ; j'ou transfer your hand to vour coat and 
it finis w'jtrni. Yet both are pi'ol)ably at the 
sanu' tejuporature. A suitable thermometer or 
beat nioasuror would contradict the opinion of 
your hand. Th(j cx])lanatiou lies in tho fact 
that, as wo .sliall s<‘(', (lilTereiit hodii'S vary widely 
in their powder of conducting hi'at. The wool of 
your coat is a b;ul conductor ; it nmioves little 
iieat from your hand, and so does not give you 
an impression of cold. The m<*tal pokm*, how- 
ever, which is at th(^ same temperature as your 
coal (or, indei'd, being near the tire, may be 
hotter), has the physical propiaty of conducting 
heat very avcH. So much heat docs it conduct 
away from your hand that the sensitive nerves 
appreciate the loss, and you declare the poker to 
bo cold. Thus our .senses at least can give us some 
id(‘a of what is meant by the conduction of heat. 

But now w^e dismiss the i)sychological aspect of 
the subject, and must conceive of heat as an 
external fact, the character of which is not in tho 
smallest conceivable degree indicated by our 
sensations. As we have hinted, it would need 
but a small change in our construction for music 
to feel hot or cold, and for heat to be audible. 
What, then, is that external thing Avhich causes 
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these sensations, but to the nature of which none 
of our sensations can bo regarded as a guido ? 
That is the most interesting question of all, 
and the answer to it has been hinted at in a 
previous, section, but wo must postpone its 
full consideration until we have studied the 
observed facts of heat, and thereafter wo shall 
be able to conceive of heat as a mode of motion, 
and to understand its relation to the law of the 
conservation of energy. 

Temperature. We have already used 
the word temperature, and it is now time to 
define it. When one thing is hotter than another 
— ^that is to say, when it is really hotter, not 
when it merely feels hotter — we say that it is 
at a higher temperature, and wo measure the 
difference of temperature by means of the 
thermometer. But when wo say that one thing 
is hotter than another, can we translate the 
statement into other t(‘rms ? We will assume — 
as wo have every right to assume — that heat is 
an external thing, or entity, to use a clumsy 
word, no matter what its nature may bo. Now, 
are we not entitled to say that when one object 
is hotter than anotlier, it contains more of that 
thing calknl heat ? This would appear to Iw a 
reasonable interpretation of ditferences in tem- 
perature, but it is almost entirely erroneous. 
The temp('rature of a body is not a fact that 
depends upon the amount of heat that it con- 
tains, and can never used —('xcept under 
conditions defined bolow' — as an index or guide to 
the amount of heat in any body. What, tlien, 
is temperature V Wc can best dtiine it by 
observing its conse(|uencos. When one thing 
is hotbu' than another, the observed fact is, that 
tho hotter body tends to communi(;ato part of 
its heat to the colder, so that the t wo tend to 
approximate to the same temperatures It does 
not at all follow that there is more heat in the 
hotter body than in the colder. In tho iirst 
place, the hotter body may he very small and 
contain little matter ; whereas tho cold body 
may be very largo and cornain a quantity of 
matter ; as, for instance, when you dip your 
finger In tho ocean. There is immeasurably 
more heat in the ocean than in your finger. 
Nevertheless, your linger is liotter, and so the 
heat flows from it into the surrounding water, 
as your sensations tell you. 

Measuring Heat. The only way, then, in 
which to define temperature is to compare it 
to the idea of level in liquids. Wc know that, 
quite apart from the amount of water in 
question, if wo join two vessels or reservoirs 
containing water, tlie one being at a higher 
level than the other, the w^ater will certainly 
flow from the higher to the lower. If they are 
at the same level, the water will flow in neither 
direction, though the diftVu’cnee in the amount 
of water in the two reservoirs may be as great 
as the difference in tho amount of heat in the 
case of your finger and the ocean. Therefore, 
we must define temperature as that state of 
a body which determines its power to com- 
municate heat to or receive heat from another 
body. And the way to understand tempt^raturo 
is to comparo it to level in the case of liquids. 

1564 


Amount of Heat, But, of course, we 
must not think that temperature has no relation 
to the amount of heat in a body. If we take a 
fixed quantity by weight — that is to say, more 
strictly speaking, a fixed mass of a given sub- 
stance — tiien tho temperature of that, mass will 
be an index to the amount of heat it contains. 
Tho more heat we put into it, the hotter it will 
become. So far as differences in mass are 
concerned, it is evident that temperature and 
amount of heat do not vary together. There 
will plainly be more heat in a ton of lead at 
30® C, than in a pound of lead at 31® C. But the 
remarkable fact is that different kinds of matter 
vary profoundly in the amount of heat they 
contain while exhibiting tho same temperature. 
If, for instan(?e, we take equal masses of water 
and of mtu’cury, starting with both at the 
same temperature, and proceed to raise them 
both to the same extent, say 10® C, we find 
that we actually require to put about 30 times 
more beat into the water than into the mcreviry. 
Yet at the end of the process they are both at 
the same temperature, both having started at 
tho same temperature, and wc are dealing with 
an equal quantity of matter in each case. The 
diflVreneo between the water and tho mercury 
is (*xpress(^d by the term specific keaty and we 
.shall afterwards liave to eonsieier it very care- 
fully. 

The Thermometer. The thermometer 
is an instrument wliieli enables us to measure 
temperature, but we now understand that it 
does not enable us to measure amount of heal 
except by the tM)mj)arison of the various tern- 
jicratuT’cs of a given mass of a given substance. 
In the most familiar kind of thermometer, the 
temperature is mcasuri‘d by the exfiansion and 
contraction of mereury. 'i'bis sul>siance, like 
nearly all others, expands when it is heated 
and contracts when it is cfiolcd. The mercury 
thermometer consists of a tine, hair-like tube 
with a bulb at one end, tho bulb and part of the 
tube being filled witli mercury. When the 
thermometer is made, tlie mercury is boiled 
in the tube so as to carry away all the air, and 
then the upper end of the tube is sealed. Tlie 
smaller the tube, the more sensitive is the 
thermomet(n\ the most sensitive kind of ther- 
'momei(‘r with which most people arc familiar 
being the clinical thermometer. Now, in order 
to comfjare out* temperature with another, it is 
necessaiy to have some sort of scale, and there 
are many such in existence. Here we may 
mention three, with the preliminary statement 
that they are all arbitrary and bad. Until 
quite recently tho choice between them was 
merely one of convenience ; but, as we shall 
afterwardvS see, they may now all be superseded, 
since wo are in possession of a scale of tempera- 
ture which depends, not upon the arbitrary 
selection of any substance such as water or 
mercury, but upon our understanding of the 
natural lowest limit of possible temperature. 
The most familiar and oldest scale is that 
invented by Fahrenheit (1686-1736). He did 
his best to obtain the lowest temperature 
possible, which was that of a mixture of pounded 



ice and salt. He called this temperature 0®, 
atid the temperature of water boiling at 
ordinary pressure 212'", the freezing point of 
water on this scale being 32°. Fahrenheit 
rendered great services to physics, and honour 
is due to his memory, but at the present 
day his scale can claim no 
advantages whatever, in spite of 
the fact that it is still constantly 
used in this country, though 
abandoned elsewhere. 

The C^tigrade scale, which 
has many advantages over that 
of Fahrenheit, Ls so named 
because the interval l)etween 
the freezing point and the boiling 
point of water is divided into a 
hundred degrees. According to 
this scale, the zero is the freezing 
point of w'ater and 100 is its 
boiling point. This scale is 
not very much younger than 
Fahrenheit’s, and is now uni- 
versally used in scit*nce, and 
for all other purposes as well, in 
France and many other countries. 

It may be adapted, as we shall 
see, for the purposes of tiu; absolute 
temperature, which has superseded 
others in modern scientific iiKiuiry. 

The Reaumur scale, invented by Ueauniur 
(1683-1757), has been largely used in 

Germany. It agrees with the Centigrade in 
that its zero Is the freezing point of water, 
hut the interval between this and the Ixiiling 
point of water is divided into eighty degrees 
instead of one hundred. 

Conversion of the Scales. Until 
the Fahrenheit and Reaumur scales go 
completely out of use, as they sooiu'r or later 
certainly must, it is occasionally necessary 
for convenience to convert a figure of one 
scale into the corres])onding figure of another. 
This, of course, is a mere matter of arith- 
metic, no physical truth being involved, and 
so we need give the mctliods only very lu’ielly. 

Iji the first phice, notice that 5'"" Centigrade is 
tlie equivalent of 9" Fahrenheit, while either of 
Uiese is equivalent to 4^^ Reaumur. >Supposing 
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require to convert degrees Centigrade into the 
Fahrenheit scale, it is necessary to multiply by 
nine, divide by five, and add ife to the result ; 
while if one is converting degrees R^umur, 
the process is exactly the same, except, ot course, 
that one divides by four instead of five. But 
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one desires to convert a Fahrenheit statoiuont 
into a Centigrade, it is necessary, first of all, 
to deduct 32, then to multiply the result by 
five* and then divide by nine. In order to con- 
vert it into degrees Reaumur, it is similarly 
n^essaiy, and tot equally obvious reasons, to 
d^uct 32, the result being multiplied by four 
(instead of five as in the last case) and 
qiiridcd by nine.. On the contrary, d one 


surely any readiu* could infer liio nee(‘ssary 
means of these eoiiversions, once he had given 
him the facts of the equivalence of 5 \ 4", and 
9'^ on the Centigrade, Reaumur, and Fahrenheit 
scales, and the fact that tlie Fahrenheit 32 is 
equivalent to the zero on the other two. 

For eorivenionoe of r(‘tVronee we append 
a table pr(‘pare(l by M(‘ssrs. Negretti and 
Zambra showing tlu) Fahrenheit eijuivalents 
of the Centigrade scale from Fahrenheit zero 
to the boiling point of water. 

Maximum and Minimum Thermo- 
meters. So far as the thermmiuder is 
eoncei'ned, the particular scale tliat is used 
is of small importance. Hut sometimes it 
is of eonveniiUK'e to have some arrangement 
by w'hich the lughi'st or lowest ])f)ints of 
temperature n'corded may be indieati^d in 
such a way that anyone coming afterwards 
may si'c what they were. For instance, 
a small index of iron or glass may be placed 
inside the Ihermometei’, so that it is pushed 
up by the advancing mercury, but is left 
behind wluui the mercury falls. If the index 
be mad(^ of iron it can be pulled dow'ii again 
by means of a small magnet. The minimum 
thermometer is tilled with aleoliol instead of 
mercury, and as tlie alcohol falls it pulls the 
index down with it in virtue of surface tension. 

When the temperaturi^ rises the alcohol Hows 
past the index. If tw^o such thermometers l>e 
mounted on one board, we can see at a moment 
what were the limits of the variation of tempera- 
ture. Another form of the maximum ther- - 
mometer is the clinical thermometer, to which 
we have already refen’ed. It contains no 
index, but at one point tho tube is very much 
constricted, so that, when tho thermometer is 
removed from the patient, the cohesion of th(5 
mercury is not enough to keep it together at 
this point ; hence, the column of mercury 
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breaks, and the highest point recorded by the 
mercury is retained. In order to obtain a 
fresh reading, it is, of course, necessary to re- 
establish the continuity of the mercury, and this 
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may be done by jerking the thermometer so that 
part of the broken column flows past the 
narrowed place and rejoins the rest. 

A Better Thermometer. Now, it is 
an easy matter to agree on a scale of tempera- 
ture and to mark its divisions upon the glass 
tube, but how arc we to be certain that the 
mercury, or, indeed, any other liquid that may 
be employed, such as alcohol, expands in a 
regular fashion ? Provided that it does so, equal 
elongations of the column will certainly indicate 
equal differences of temperature. But when 
we come to look into the matter we find that 
liquids do not follow this simple rule, and so 
none of our ordinary thermometers can be 
regarded as absolutely accurate. If, however, 
instead of taking a liquid wo take a gas, w'e find 
not only that any gas expands regularly in pro- 
portion to temperature, but also that the various 
gases agree with one anotluT in this respect and 
can safely be compared. Hence we have the air 
thermometer, which depends upon the fact that 
tho volume of a given quantity of gas increases 
uniformly as the temperature rises, provided 
the pressure bo constant, in accordance with 
Boyle’s law. This is true of gas<^s, liquids, and 
solids. But gases arc much more satisfactory 
to study, because not only is their expansion 
much more marked, but they expand with 
absolute regularity, and the ratio of expansion 
is almost the same? in the case of all gases, 'i’he 
law of the expansion of gases is known by various 
names which do not matter, but it is of tho 
utmost importance. The volume of a gas 
increases for each degree of rise in temperature 
by a constant fraedion of its volume at freezing 
point, this fraction being for the Centigrade 
degree (it is assumed, of course, that the pressure 
remains constant). 

The Absolute Air Thermometer. 

Now, instead of spending space upon th© 
ordinary air thermomctei’s, we may pass at onco 
to what is called the nbsohde air thermometer. 
It consists of a long glass tube closed at one 
end and containing a long column of air which is 
closed by a drop of mercury. This behaves as 
any air thermometer would do, the cxj)ansion 


and contraction of the air in the tube changing 
the position of the drop of mercury. This 
thermometer is graduated on the absolute scale, 
in correspondence with the law already quoted. 
The freezing point of water, instead of being 
^ called 0® as it is in the Centigrade scale, is marked 
273° C. absolute, and the boiling point, instead 
of being marked 100, is marked 373“ C. absolute. 
Its zero is tlio absolute zero [see below] — that 
is to say, while we retain the size of the Centi- 
grade degree', we alter the names in accordance 
with the theo^ that the fraction is of real 
significance. If, now, we consider the case of 
the air in this thermometer, we are able to lay 
down the proposition that, the pressure being 
constant, its volume is proportional to its 
absolute temperature. In other words, the 
volume of any gas at constant pressure varies as 
its absolute temperature. If we combine this 
law, sometimes called Gay-Lussac’s law and some- 
times Charles’s law, with Boyle’s law, we reach 
the following law. true of all gases except in 
the neighbourhood of the temperature at which 
they tend to liquefy : The product of the volume 
ana pressure of any gas is proportioned to its abso* 
lute temperature. 

The Absolute Scale. As was hinted in 
a previous section, the absolute scale of tem- 
perature assumes that heat is a definite some- 
thing of which there may be more or less in a 
body, and which may be abstracted from a 
body until we. ultimately reach a x)oint when 
there is no more heat. kdt. Such a body would 
be absoluk'ly cold and its temperature would be 
the absolute zero. No such temperature has 
yet been attained, and it is very doubtful 
whether it can be attained by any possible 
device ; but Sir James Dewar has been probably 
within sovi'n or eight degrees of it. Now, it is 
plain that if our idea of heat is correct, there 
must bo an absolute zero. Tho question is 
whether wo have any indication to guide us 
to tho point where this absolute zero is to be 
found. This point was determined by Lord 
Kelvin, to whom we owe tlio scale of absolute 
temperature, in 1848, and was reached by 
means of thermodynamic considerations, a term 
which we shall soon explain. But the reader 
will have already perceived that the point named 
—that is to say, -273° C. (on the ordinary 
scale) — is the point suggested by the law of the 
expansion of a gas. When we come to consider 
thermodynamics, wo shall return to this sub- 
ject. Meanwhile, wo must go on to consider 
the expansion that heat causes in bodies other 
than gases. 


Continued 
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I N speaking of J. Wake’s acceptance, £20 10s. Od., 
* wo have already said tliat had it been dis- 
counted in Glasgow, probably the net amount 
of £20 7s. 6d. only would have appeared in 
Bevan & Kirk’s cash book for credit to Wake’s 
account, and it was recommended that th(‘ 
discount should bo journalised I’liis alTords a 
fitting opjwrtunity for drawing a distinction 
between two term.s largely used in bookkee[)ing 
— viz., transact inn and transfer. 

What We may Learn from Physics 
and Sociology. Accounting, as a science, 
is a humble relation of the more exalted science 
of .Sociology, which treats of the nature and 
development of society and civilisation, and, so 
far as it affects those, of commerce Now, 
vSociology U^ache^s that man’s activity in the 
material w'orld is confined to changing the places 
of things. Nature, co-operating with man, 
accomplishes marvellous cherniciul and other 
changes ; but all that man himself can do is to 
marshal the various elements and fore(\s which, 
acting and reacting on each otlier, will produce 
the desired n^sults. Thus, tin; fire in a locomo- 
tivo transform.s the water in the boil(‘r into 
steam, which furnishes the motive power. 


cxp(ict Nature to liardcn his gold unless ho 
will observe the conditions on which she will 
jXTform the task. He must collccd the 
precious metal and the base from different 
sources, and liring tlu*m to a place where, 
under th(‘ comp(‘lling influence of great heat, 
they will coalesce. So it is throughout the 
whole physical realm. If by sawing through 
a board we get two boards and somti .sawdust, 
it is because^ the shorten(‘d boards and the 
wast<; product do not now oeeiipy the same 
position with respect to eacli other which 
they did before. We have changed their 
places. 

Nature of a Transaction. From this 
sociological law we may draw an analogy 
w'hicih should enable us to see the diffeienee 
betwet'U a transaction and a transfer, lii course 
of business, the owiKUship of a thing may he 
changed even though the thing itself is still 
on the pn'mises of the original proprietors. 
SomeUmes, inde(‘d, an entire business “ elianges 
hands." yet th(‘ tixtures, fittings, stock-in-trado, 
and other pr(»f)erty remain wluTe they were. 
Neverthok'ss, they have eluinged their places, 
for they have ])asscd out of the ])0.ssession of 


Nature made the steam, but man helped her by 
bringing the fire and the water into right 
relations. 

Another Illustration. Take a second 
illustration. A golden sovereign is the outcome 
of transporting the precious metal from the mine 
to the mint, where 
the gold is fused w ith 
a definite proportion 
of base metal or 
ahoy, and thus ac- 
quires the right de- uo « /l4 

groe of hardness. TJ 

Emitting inter- «r ^ ^ 

mediate steps, the o o 

: blended metal is pro- 

devoured by , , . 

’wciiiaerful machines xnrK 

of: great strength and ~ 

delifcjacv of construc- 
tion. ^rho circular coin now receives a milled 
edge, so that hereafter, if clipped, it will be able 
t6 tell its own story of mutilation. Furthor- 
irtore, upon the obverse of the coin is impressed 
the prome of the reigning monarch, and a second 
:,dhsicn on the reverse. Finally, it is sent to the 
Tbuiik of England, which puts it into circulation, 
in reality, man, in all these operations, has 
nothing except change the places of certain 
:l£h^ from time to time. It is man’s glory 
that he can harness the forces of Nature, but he 
obey before ho can command. He cannot 


their former, and into the ])osscs.sion of their new 
owners. Whenever a change of ownership is 
agreed to, tliere i.s a transactien. Wo may 
say then that fran.sa<‘tion.s afl'ect the ex- 
ternal relations of persons i 
and property, and it goes 
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without saying that | 

external chunge.s I 

ought to be faith- j 

fully reflected in the | 

books of account. 1 

But, as in Sociology, 11 

so in Accounting ; 
wc have not to 

reckon with external movcmicnts simply, but 
with internal changes as w^ell. In other words, 
there are not only transactions, but also transfers 
to bo considered. 
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Transfers. Internal changes may arise 
from natural causes, as depreciation and bad 
debts, which must be written off ; from artificial 
causes, as clerical errors, which must be reme- 
died ; from the opening of temporary accounts 
whose destiny is to be swallowed up in moixs 
important accounts, and from other causes. 
Now, the bookkeeping operations whereby due 
effect is given to internal changes are known as 
transfers. 

Example of a Transfer. Let us take 
an easy example of a transfer. A sold goods on 
credit to the B (V^mpany, Limited, for £40. 
Accordingly, an account was opened in the sales 
ledger with the B Co., Ltd., showing a debit of 
£40 for goods supplied. A learns some time 
afterwards that the company has gone into 
liquidation, and that there are no assets available 
for the trade creditors (of whom he is one) in 
consequence of the receiver for the debenture 
holders having seized the whole of the company’s 
property. A regards the debt as hopelessly bad, 
and passes a transfer [see preceding page] 
through his journal. 

As soon as the credit item of £40 is posted to 
the B Co.’s account, it will have the effect of 


to the fundamental and universal law of double 
entry, that for every debit there must be a 
corresponding credit. This is seen in the opera- 
tive part of the journal entry whereby bad debt 
account is debited with £40 and the B Co., Ltd., 
are credited with a like amount. 

An Internal Change. Lastly, the 
transfer denotes an internal change. Hithei^ 
A has rested in the belief that his riffht to receive 
£40 from the B. Co., Ltd., constituted a species 
of property to be included among his assets under 
the heading of Debts Receivable or Debtors. 
But A now^ learns that the company’s obligation 
towards himself cannot be fulfilled, and that 
consequently his right against the company is 
worthless. What was an asset has been trans- 
muted into a loss, and there is nothing for it 
but to recognise the change. As matters stand, 
it is idle mockery to say that the B Co. is 
indebted to A in the sum of £40. It would be 
far better to relieve the company’s account of 
further responsibility, and to cast the burden of 
the loss upon bad debt account. This is effected 
by means of th(5 journal entry before us, and when 
the credit has been posted, the B Co.’s account 
in A’s ledger will be closed off thus : 
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nullifying the debit of £40, and the account will 
be balanced. It would, however, be very diffi- 
cult to justify the closing of the company’s 
account in this manner by a refereneti to any, 
or to all, of the six secondary rules of doiible 
entry given in Part IV. We rc'adily agree that 
bad debt account may be debilkxl by virtue of 
rule (c) ; but the rule direi*ling us to credit the 
account of the B Co., Ltd., is lacking, and must 
bo sought in the nature of transfers themselves. 

Narrative Transfer^ Entry, Let us 
look again at our transfer entry. In common 
with other journal entries, it is divisible into two 
parts, the first part operative, the second 
declaratory. ’Hie latter is frequently styled the 
narrative. Its bu.sinoss is to state or declare 
the reason for making the entry, hence it is also 
called the “authority” for the entry. When we 
reach the subject of audit w^e shall find that 
auditors regard these journal narratives in the 
light of vouchers. Where they are not in them- 
selves sufficient to enable the auditors to pass 
the journal cjintries as correct, they must at least 
furnish ample clues or references to authoritative 
sources of information. Judged by this standard, 
we should have to amend the narrative before us 
by the addition of the date of the letter received 
from the liquidator. 

A Credit for every Debit. In the 

next place we observe that our transfer conforms 

im 


Function of Transfers, WTiat, then, 
i.s tlu^ distinguishing feature of transfers ? 
Simply this— they mediate between the various 
ledger accounts.-* Is £10 wrongly posted by being 
debited to Perry’s account instead of to Sam- 
son’s ? Let us mak(5 a transfer through tlie 
journal ; 

Samson . . Dr. £10 Os. Od. 

'I’o Perry £10 Os. Od. 

post the items to the lodger, and thus retrieve 
the error, h’rom this example and the former 
it will be- seen that one result achieved by trans- 
fers is the bringing of the figures in the ledger 
into harmony with ascertained facts. Other 
results, such as the consolidation of accounts, will 
be noticed in due course. Wo repeat that, 
by means of transfers, the ledger accounts aro 
adjusted as between themselves, and in accord- 
ance with the facts from time to time revealed. 

How to Transfer. In making a trans- 
fer, the all-important question is this : To 
which account must the item or balance be 
carried which now occupies a false or transient 
position in the ledger ? Consider what is the 
end to be attained — namely, the carrying of the 
item or balance from a worse to a better pl^e 
in the ledger. Remember also that the identity 
of the item is not affected by the process. If at 
first it was a debit of £10 wrongly posted to 







^ But the balance is a 6otitious one, because at the bank all moneys received from outside 
Bevan & Kirk have obtained full satisfaction of sources. Wo feel sure that no money has been 
their claim' against Wake. Not only has the retained out of whicli Messrs. Bcvaii and Kirk 
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^ ooald pay ihemteivea i& %r afij other imixi^ 
beoMiae tw would be contmry to rule. Neither 
k the required amount obtainable from petty 
* oaah» because when Mr. Bevan borrowed £7 
from petty cash on September 23rd, giving an 
1 0 U in exchange, he reduced the actual 
cash in hand to less than £2, and the supply 
has not yet been replenished. We may there- 
fore conclude that cheques were drawn for £6 
and £3 respectively. 

Ambiguities. Examiners in bookkeeping 
sometimes fall into error of the sort described 
above. When the meaning of a question 
is obscure or ambiguous it is generally because 
the words which would illuminate or limit 
the sense are lacking. Whore the wording of a 
problem can bo construed in two or three ways 
the candidate should base the solution on what 
seems to him or to her the true moaning, calling 
attention by a short footnote to the fact that the 
question is capable of different interpretations, 
at the same time naming them, and giving 
reasons for selecting one of them. 

Assuming that on September 27th a cheque 
for £5 was drawn by Mr. Bevan on private or 
drawing account, we enter the amount under 
its right date on the payment side of the bank 
cash book. Bank cash account is mditcfl because 
cash goes out from the bank, and in due course the 
corresponding debit will be posted to account 
of Mr. Bevan because he has received the cash. 
A similar entry is made in respect of the sum 
of £3 drawn by Mr. Knk. 

** Short ** Entry in Bank Cash Book. 
On referring to the bank cash book in Part VI., 
it will be seen that these two amounts (£5 and £3) 
ate entered ** short,” by which is meant short of 
the outer column, being extended into the 
outer column m total only. This is not an 
essential feature of the cash book, but the device 
is useful in cases whore the amount of a single 
cheque is spread over two or more accounts. 
Instead of drawing two cheques the partners 
might have saved a penny by drawing and 
cashing one cheque, value £8, the proceeds 
to be divided among themselves in such manner 
that Mr. Bevan receives £5 and Mr. Kirk £3. 
As before, the total (£8) would appear in the 
outer column, while the items making up such 
total would go in the inner column — particulars 
thereof being written in the space provided. 

Short ” Payment. Many readers know 
^that the word “short” is not only used in a 
technical sense by bookkeepers, but has also a 
peculiar meaning for bank 'tollers Cheques 
are often presented at the bank counter Avith a 
request for “ short ” payment. The paying 
teller understands by this that the payee wants 
his money in the smallest x>ossible bulk. A 
£10 note will suit the purpose better than two 
£5 notes, a hAf sovereign is to be preferred 
to ten silver shillings, and so on. An uncrossed 
Of “ open ” cheque for. s^, £55 12s. 6d. is 
presented for papneut. The teller puts the 
usoel inquiry : How wdl you have it ? ” 

and receives the reply: “Short.” He there- 


1 Bank of Bngtaiul liote Ikr' ^ 6, 

1 ditto. "i. A B ' 0 

1 Half-sovereign ^ . . « ' • , , ' 10 0 

; 1 Half-crown 2 6 


Total . . £56 12 6 

** Short ” Bills of Exchanne* Bat 

this most convenient term has yet Mother 
technical signification. In the money market 
bills of exchange are spoken of as “ long” or 
“ short,” and tlie latter include all bills which 
have up to ton days to run. 

Acquirement of Commercial Terms. 
Here we may remark that the one sure method 
of acquiring a deep and wide knowledge of busi- 
ness expressions is to act on the principle of 
never allowing an unfamiliar term or phrase 
to eseapo until it has yielded up its secret. 
The special language of commerce comprises 
an astonishing number of technical words and 
phranes, and the ideal business dictionary has 
yet to bo written. Some day, perhaps, there 
will arise a lexicographer of commerce, who will 
devote an adequate moreautile experience and 
reputation conjoined to literary ability and two 
or three years ot leisure to the task of producing 
a standard work of reference in this department 
of human activity. 

Consulting Authorities. This does not 
mean that dictionaries are “taboo,” but the 
reverse. “In the multitude of counsellors there 
is safety,” and whoso is wise will compare all the 
authorities to which he ran obtain access before 
accepting as final the first explanation that 
may cross his path of a business term which 
is new to him. Frequently, when a strange 
expression occurs, a diligent study of the con- 
text w ill prepare the reader for the interpretation 
placed upon it in Pitman’s “ Business Terms 
and Phrases,” and other works of reference. 
Very often, too, one’s fellow-clerks prove kind 
and safe guides in matters of this sort, and their 
aid IS not to be despised. 

Keywords. Nor is it a bad plan when 
faced with an unfamiliar expression to try and 
got hold of the key-word. For instance, all 
certificates certify to something, and so a share 
certificate would certify that the holder was 
possessed of a share or shares in a certain 
concern. The key-word “ nominal ” means 
in rutme only, consequently, nominal account**^ 
would signify an account in name only as 
distinguished from a real account or a parao/ml 
account. Nominal capital of a company would 
mean the named but not necessarily the actual 
capital and so on. So much, then^ for the 
special language of commerce of which it may be 
affirmed that an extensive acquaintance there* 
with is indispensable to all who aspire to hi^ 
station in business life. 

We pass to the next transaction 
Transaction (9), Sept. 28th. J. Bmoe jpa^ 
cheque, £11 4s. 8d., less discount @ 3| p^ 
cent, for cash, 8s. ^ 

This is a similar transaction in ail irespects ^ 
(A), which has be^n dkousse^ and toyrhidiL 
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.ftiudent is asked to refer. Notice, bowevor, 
that the wording is altered. In (k) it was “ Re- 
ceived from Messrs. Brown & Co. . . : 

here it is “J.' Bruce paid . , .” In both 
cases Bevan and Kirk are the receivers— that is, 
cash comes in, and their customers are the giverff. 
[See also Bank Cash Book, page 770.] 

Another point to be observed is that in (h) 
the actual amount of the cheque was given, 
but in the present transaction it has to be 
calculated from information supplied. If 
the cheque was for £11 4s. 8d. less discount 
Ss. 6d., that is merely another way of 
saying that the cheque is worth £10 Ids. 3d. 
only, and tlierefore we must enter as cash 
the reduced amount only. The 8s. M. 
discount will appear on a line tiiorewith iii 
the discount column, and the two amounts 
together will equal £11 4s. 8d. Careful 
study of the different modes of stating 
bookkeeping transactions and problems 
will be well repaid, and in the day of trial 
enable candidates to bafflo examiners, 
ifiscount Calculations. One more 
point in this transaction remains to bo con- 
sidered — namely, the discount rate, which 
looks more awkward than it really is. 3J 
per cent. ~15 per cent, divided by 4 ; 15 per 
cent. =3s. in the £, therefore, 3 J per (jent. — 

9d. in the £. Tn like manner fi per cent. = 

5 per cent, plus J of 5 per cent. ; and 5 
per cent, equals Is. in the £. Having ascer- 
tained how much 5 per cent, of the given 
sum is, add to the quotient 1 of itself, and 
the result will represent 6 per cent, on the 
original amount. The student should bo on the 
alert to discover quick methods in calculations. 
The fact that 5 per cent, is Is. in the £ will itself 
give him material assistance. It is easy to see that 
the 3} above referred to is 2^ percent, plus 1 J per 
cent. ; in other words, Gd. plus 3d. — 13d. iii the £. 

Transaction (r) requires more th.»ught than 
we might at first be inclined to bestow upon it. 

Item of Rent. September 29th. One 
quarter’s rent of business jnemises, £37 10s., 
paid by cheque. * 

To begin with, it is apparent that the bank 
must bo credited, because cash is drawn th(Te- 
from. We shall deal with this asx)ect of the 
case at once and say that therefore the item of 
£37 10s. Od. must be entered on the payment or 
. credit side of the bank cash book, under date 
of September 29th, But having credited bank 
account we ought to debit some other account. 
Which ? The seven laws of bookkeeping must 
be pondered if the student is unable to answer 
the question off-hand ; but in the meantime 
We will go on to the next transaction, reverting 
to (r) at a fitting opportunity. 

Payment of Commission. Transac- 
tion (s), September 30th. Received of Jones 

6 Co. cheque for £29 8s 2d., in payment of 
commission £27 6s. Od. and expenses £2 2s. 2d., 

June 30th, 1905. 

, 7 , Iii all probability, the remittance has been 
f preceded by a “ commission sheet ” from 
^ Jon^ & Co. This consists of a tabular statement 
tol , Orders leoeiyed from Bevan & Kirk’s agency 


during a given period. In the majority of 
cases, such statements are rendered quarterly 
or half yearly, and, as a rule, settlements are 
made more promptly than in the example 
before us. We may suppose the present delay 
to have resulted from the correspondence and 
inquiries following upon a dispute as to the 
correctness of the statement, which would be 
drawn out in the form given on tho next page. 


There is not space to reproduce the statement 
in all its details. Nor is this necessary, since 
every reader may, by the exercise of a little 
imagination, fill up the gaps for himself. 
A glance at the sectional totals leads us 
to believe that the invoices which are subject 
to par cent, commission are the most 
numerous, while those which are subject to 
5 per cent, are fevr and far between. 

The statement covers a period of six months. 
Assuming that there were, on an average, three 
invoices per week in the first section, six or 
seven invoices per quarter in the second section, 
and only seven invoices for the whole period 
in the last or five per cent, section, this would 
mean about 100 entries in all. Imaginary 
entries being duly made and the invoice amounts 
extemdod into their respective (columns by the 
student, the money totals should now bo 
ascertained. These will almost (-ortainly differ 
from tho given totals of £754 15s. Od., 
£143 lOs., and £90 2s. 3d. respectively, 

and must be brought into harmony therewith 
by alUiration of oik^ or more of tho invoice 
amounts. 

There are other features of the commission 
sheet which will be noticed at a more convenient 
time, but with regard to Transaction M the 
proper cash book entry will be found in Part 
VI., at page 779. 

Invoice for Goods. Transaction (t), 
September 30th, Invoice No. 850, passed for 
goods received from Ord & Mackay, £46 15s. 3d, 
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4 similar tarafisaotion (e) was fully dealt 
with in Part VII, Kmge 977. 

Returns Inwards, Transaction (u), 
.September SOth. Gk>od8 returned by Aird Bros, 
(wrong pattern), £3 78. 4d. 

Now, goods purchased by Bevan & Kirk and 
returned for any cause are called “ Returns 


attain undue proporlitine, Uiu$d^^ ' i^|b0ii 4 . 
customer refuses to take dettvbty ,of 
ordered he has a valid reason for so doiw 
in that his order has not been propeny 
executed. The ratio of returns to sak» 
therefore, not an unfair test of the fidelity with 
which the instructions of customers have been 


JONES & COMPANY, 
Star Faoiory, Bradford, 


To Messis. Bi-van & Kirk, 

600, Wood Street, London, E.C. 

COMJMISSION ACCOUNT FOR THE SIX MONTHS ENDED 30th JUNE. 1906. 
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Outwards ” On the otlicr hand, goods sold by 
Bevan & Kirk, and returned by their customers, 
are called “ Returns Inwards ” At least, that 
is the bookkeeper’s name for them ; but in 
the departments of some wholesale houses 
it is the fashion to refer to them, somewhat 
oontemptuously, as “Cold pig!” It is a bad 
sign in any business when the returns inwards 


adhered to In the case before us the goods 
were returned because the pattern did not agree 
with the one selected by the customer. There 
is nothing for it but to give credit to Messrs. 
Aird Bros, for the price of the returned goods. 
This may be done by means of an entsy made 
in the Returns Inwards Journal [see preoediug 
page]. 


Continued 
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square feet, Q the number of eubic feet of tbi 
water dtschargod per second, sh 

. Q = *64 X A X *07 X t heor, vel di« 

=:= *64 X A X ‘9Tj< ^2gB. 

-Ax- 62 xV 2 ?H 

•62, the product of the coefficients of contraction 
and velocity, is called the coefficient of discharge. ^ ^ 
Substituting the value of gr, 

Q = *62 X A X v/^x 32~xir, a 

ss: *62 X A X 8 X sjw, hei 

= 4-96 X A X ^/HT 

So that for all practical purposes the formula 
for calculating the actual discharge through a 
circular orifice m a thin plate becomes 

Q = 5 X A X tJR, ot 

Partly to bridge over this considerable gulf thi 
between actual and theoretical discharge, ex- Tli 
periments have been earned out with variously Wi 
shaped on- . 

tioes, and the Friction hd. = (*0144 4- 
result has ^ Vvel. m It. per see 


that with a tube whose if 'ia; 

six times the diametet, coel&iibnt 6i 
discharge is *76 ; 30 times the diemeter, *65 ; 
70 times, *55 ; 100 times, *48 ; m which 
case the openings come under the head of 
pipes. 

Flow of Water in Pipes, Thus, in 
long pipes the actual discharge falls veiy con- 
siderably below the theoretical, so that to attain^ 
a given velocity or discharge, a much greater 
head is roquirccl than would be expected. The 
total head is used up in three ways — in over- 
coming frictional resistance to flow within the 
pipe, in overcoming the resistance at the 
entrance of the pipe, and m maintaining the 
velocity of the water. In long pipes the loss 
ot head due to friction is so great in proportion, 
that velocity and entry heads are neglected. 
The friction head may be calculated by 
Weisbach’s formula : 

16 ^ l ength in ft . ^ per sec . 

rDoiTscr / ^ diam in ft. 64 4 


been to make the actual more nearly approach 
the theoretical discharge. It is found, for 
example, that if the opening be in the form of 
a short tube [0, in 163], the length of which la 
two and a-half to three times its diameter, the 
flow is greatly increased, and the coefficient of 
discharge is about ‘81. Hence, 

Q« *81 X A X 8 X ^IT, 

« 6*48 X A X ^/HT. 


If the walls 
of tho vessel 
or reservoir 
be thiok 
[A, 164], so 
that the 
ratio be- 
tween the 
length and 
diameter of 
tho opening 
mentioned 



164 DISCHARGE OF WATER 
THROUGU THICK TUBES 


above holds good, the discharge is the same as 
with a short tube. But if the opening or short 
tube projects into the interior of tho vessel the 
flow is less, the coefficient being about *70. On the 
other hand, if the opening or tuho be shaped as 
at B in 164, the discharge barely falls short of 
the theoretical amount, the coefficient being as 
high as ‘90 with only a moderate head. 


0 and D [165] 
are other forms of 
orifices with coeffi- 
oients of discharge 
of over *90, and 
these in various 
guises are the forms 
used for the outlets 
of tanks. If the 105^ water discharge by 
length of the open- tapered orifices 
ing be less than 

imee its diameter, contraction takes place as 
at A [168], and the discharge is lessened. If 
the tube lezsjg[thened beyond four times its 
diapmb^f dSoharge is also decreased, so 



The entry and velocity heads together never 
cxcc(*d a foot, save in short pipes 

Yet another loss of head 
in pipes IS that due to 
bends necessitated by a 
change in direction. If 
the bend bo not very 
sharp and he in form an 
arc of a circle [166] (as 
opposed to a knee, elbow, 
or angular Ixjnd), the 
additional head required 
IS not very great ; it 
166 WATERFLow IN may be calculated from 
WIDE BEND PIPE the following formula ; 

H. 151+ 1847 

in which H is th(* additional head in feet, rfiee] 
the radius of the bore of tho pipe in feet, R 
the radius of the centre line of the bend in feet, 
0, the central angle (at A) in degrees, V the 
velocity m feet per scconcL To maintain the 
velocity which a straight pipe would have given, 
this additional head, consumed in passing 
the bend, must be added to the previously 
calculated total head. 

The Piei^ometer. The gieat loss of 
energy shown by gradually diminished pressure 
in a lino of pipes is stnkinglj shown by an 
instrument called a piezometer (Gr. piezOy I press ; 

V a measure) or pres* 

:v sure measurer. The prin- 

-Jll 1 OH which it acts is 

; “ - /y shown in 167. If a hole be 

Jk • vessel at F, a ' 

‘ I jof of watei immediately 

' 1 springs upwards, reaching a 
VITJ certain height before itftuls. ^ 

TheoreticaSy, as wus stated 

167. PIEZOMETER ^ earfy part of this 
aiticle, it leaves the vesciel 
at F with the same velocity which it would . 
have acquired in falling through the distance fiCx ' 







168. S15RIES OF riEZOMETFJlS 


. and hehco the jet should reaoh the level 
ot the water in the vessel before falling. It 
fails to attain this height, partly because of the 
retarding influence of the atmosphere, and 
; p4rtly because it is hindered by the falling 
particles of water. It follows therefore that if an 
open tube were inserted at any point in a main, 
water would rise in the tube to a height equal 
to the head for the pressure at that point. 
The piezometer is a tube adapted to this par- 
ticular purpose. In addition to its use in gauging 
pressure at any point, it is of great value in 
locating obstructions. If at any point water 
fails to rise in the piezometer to the height it 
should, it is known that the obstruction lies 
between the instrument and the head, but if 
the height registered be greater than it should, 
the obstruction lies in the opposite direction. 
By repeated experiment it is finally located. 

Piexometers in Series. A scries of 
piezometers applied to a long main, as in 168, 
would reveal a steadily diminishing pressure, 
as shown by 
the succcH- 
s i v e d e • 
crease in the 
heights of 
the columns 
a, 6, c, d, e, 

A line a-y, 
joining these 
levels, is termed the hydrmlic mean gradient, 
or hydraulic grade line, A little considera- 
tion will show that such a lin(^ in a scale 
diagram reveals a good deal of useful in- 
formation, showing, as it does, the loss duo 
to friction or other causes from point to point. 
In pipes of uniform bore throughout, the 
gradient becomes a straight line, as in the 
diagram, from % to ?/, and as long as they lie 
below this line it does not matter whether, in 
following the contour of the ground, the pipes 
slope up or 
down. The 
two pipes A 
and B in 169 
will discharge 
equal quan- 
tities of water 
with the sarnt* 
velocity, be- 
cause they 
are Vjqual in 
length and bore, and have the same head, II ; 
yet it might be thought that because B is 
inclined upwards water would rise in it with less 
velocity than it descends A. Where frictional 
pr other resistances occur abruptly, as when 
the pipes arc of different diameters, the hydraulic 
grade line is not straight, as in 168, for each pipe 
would have its own gradient. 

Principle of the Syphon. Before leaving 
the question of the flow of water through 
pipes, it will be of interest to refer to the prin- 
ciple of the syphon, a principle the application 
of .which is of practical value in the drainage 
of accumulations of water to lower levels, when 
the pipes* have to rise to a higher level than that 



169, INSTANCE OF EQUAL WATER 
DISCHARGE 



MIOHANIOAL INOINURINQ 

of the surface of the water. A pipe, or, for 
experimental purposes, apiece of glass tubing, 
is bent as in 170. The tube is filled wim 

water, and 
both openings 
are closed un- 
til the end A 
is placed in the 
liquid j or A 
may be placed 
- - below the sur- 
“ ^ YA ‘ ' “ face and suc- 
^ tion applied at 

' the oiiening B, 

170. THE SVVHON until the con- 

tained air is withdrawn and both legs are 

filled with water. A stream of water then 
commences to flow through the syphon up the 
short leg A(^ and down and out of the longer 
leg CB. Now, the pressure of the atmosphere 
on the surface of the water in the right-hand 
tank or reservoir is the same as that on the left 
hand, and these equal pressures may bo con- 
sidered as being transmitted upwards through 
the legs of the tube, ttmdiiig to force the water 
in AC down ('B and vice versa. These air 
pressures, then, arc equal, but the pressures at 
the ends of the iulie duo to the vertical head 
of water are unequal. Thus, in the longer 
leg, OB, the water has a liead, H, as compared 
with a head, h, in the shorter log. There is, 
thereforo, a difference of pressure, H-A, and 
consequently a How commences through the 
syphon ; for, as the water descends the long 
arm, a vacuum would be produced at C dia 
not the water in the reservoir rise through A 
to fill its place (owing to the atmospheric 
pressure on the water surface). A continuous 
How thus sets in until IT -- h ; that is, the heads 
become equal, and the surfaces in the two 
vessels reach the same level, or the upper 
reservoir is drained. It is, of course, hardly 
necessary to nuiiavk that the flow would cease 
directly the surface of Avater in the higher level 
fell below the opening of the tube. In other 
wolds, the sy]»hoii (u'ases to work when the 
water in the vess('l falls to the level* of the 
higlu'r »md of tlu' syphon, wliether that bo the 
leg of the ascending or descending flow. 

Limitations of the Syphon. It has 
just been stated that the water rises to C 
(to till the space left by the descending 
stream) beeause of the pressure of the atmo- 
sphere. Therefore, it follows that the syphon 
will cease w'orking when the point C is higher 
than 34 ft. above tlie water level, for the 
pressure of the atmospliere is unable to support 
a column of greater height. Mercury, being 
13*6 times heavier than water, the limiting 
height of C for mercury would be 30 in. ; 
and so with any other liquid the height of the 
bend must not exceed the height of the baro- 
meter column of that particular liquid. As a 
matter of fact, it should be less, for in practice 
it is found that in drainage on the syphon 
principle, the highest point reached by the 
pipes must never even attain 30 ft. above 
the surface of the water drained. Even with 
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low olevationft. provision Ims also to* be 
niacfo for the escape, at the highest point, of 
ai^, which, held by the water or entering at 
joints, acoumnlates at this point, tending to 
lessen or even destroy the efficiency of the 
syphon. 

Measuring the Velocity of a Stream. 

It is sometimes required to measure the velocity 
of the water in a stream for engineering pur- 
poses, and this is a matter of greater difficulty 
than would be imagined. It is clear that in 
the case of a stream, as in orifices, pipes, etc.. 


Vol. = moan velocity x cross-sectional area. 


Mean velocity 


volu me 

crobs-sectional area' 


But the great difficulty lies in estimating the 
mean velocity, for the rate of flow varies in all 
parts of the 8tn*am. Velocity is greatest in 
the middle of a stream, and a little below the 
surface, at a distance equal to about a third 
of the total depth. In shallow streams, this 
point is found nearer to, and in very deep 
streams farther from, the surface. Velocity 
decreases as the hanks are neared, while on the 
bed of the stream it falls to the minimum. 
How, then, shall the mean velocity be ascer- 
tained ? As a result of long and careful ex- 
periments it has lieen found that the mean 
velocity of a stream is approximately 84 per cent, 
of the maximum velocity found at or near the 
surface in the centre part of the stream, while 
the bottom velocity varies between 50 and 
75 per* cent, of the mean. The following is, 
then, a ready means of roughly reckoning the 
average velocity of a stream. Choose a portion 
of the watercourse where the velocity is fairly 
uniform and measure off a certain distance, 
say 60 — 150 ft. On a day when it is not windy, 
a small float of wood is placed in the centre of 
the stream, and the time it takes in floating 
along the marked course is carefully noted ; or a 
corked bottle is often preferred. If^ for instance, 
it travelled 72 ft. in 18 seconds, its velocity 
would be 72/18 = 4 ft, per second. Then, 
84 per cent, of this maximum surface velocity 
equals 4 x *84 = 3*36 ft. per second — mean 
velocity of the stream. 

A More Exact Method. For greater 
exactness, and for finding the cross-sectional 
area, a 
stream is 
divided into 
sections, 1, 

2, 3, 4, 5, 0 
[171], by 171. DIVISION of .stream for 
means of up- velocity measurement 
right poles, 

A, B, (\ I>, E, placed at equal distances 
tkpwk The depth of each portion is then 
taken (midway between each pair of poles), 
and the average depth thus found ; this, 
Riultiplied by the width, gives the area 
of the oross-seotion. To obtain the average 
velocity of the whole, each section is dealt with 
separately, its mean velooity in feet per second 
being ascertained by a long float weighted at 
the ^ttoi% ftp that it swims vertically, or nearly 



. fto." 

wiih, the averi^ velooity fox the ,who]e 6t the ' 
seotlon, multiplied by Ihe area of the crosft-seeMoDi 
in square feet, gives the volume or discharge" 
in cubic feet per second. ^ 

There are many special instruments for 
measuring the velocity of flowing water at 
different depths. Tlie “ wheel meter ” can bOj 
attached to a pole fixed in the stream so as to^ 
measure velocity at any depth. Tho flowing 
of the water causes the wheel to revolve, and 
the number of revolutions in any particular 
time are automatically registered by electrical 
apparatus. Pitot’s tube is another instrument 
based on the fact that if a hollow glass tube 
open at both ends be bent at right angles and 
placed in a current, with one end facing up- 
stream, water will rise in the vertical arm of 
the tube, and the height to which it should rise 
is stated by the law referred to in the early 
part of this article, H ~ V^/2gf. Therefore, 
theoretical velocity of the stream is V — s/2gfH. 
Improved forms of Pitot’s tube are so oon- 
struch^d that the velocity shown is the actual 
and not the theoretical one. 


Kutter’s Cumbroua Formula. The 

velocity of a river or canal, instead of being esti-. 
mated as we have shown by a maximum of 
actual observation and a minimum of mathe- 
matical reasoning, may be roughly calculated 
by the aid of formulfc. The most important is 
that of Kutter, a Swiss engineer, and though 
the final outcome of long and painstaking in- 
vestigation, it IS, as Professor Unwin says, very 
cumbrous. The mean velocity of a stream is : 

Mean velocity = c x ^moan radius x slope, 
the mean radius being 

Area of cross-s ectjon 
Lengtli of wetted perimeter 


(“ wetted perimeter ” == length, as FGH [171], 
of aides and bottom against which tho water 
presses) ; tho slope is the fall of the stream per 
unit of length, say, in feet per foot ; c is a 
coefficient which, until Kutter announced his 


formula, was regarded as a fixed quantity.' 
Ho demonstrated, however, that the value of 
f is : 


416 + 

n slope 


/ 00281 \ 


/mean radius” 


In this formula, n is a coefficient of roughness 
of the .sides and bottom of the channel, and there 
is considerable difficulty in finding its value, 
ranging as it docs from *009 for sides, and 
bottom lined with planed timber, to *035 of 
even *050 for a stream foul with vegetation, 
stones, etc. Moreover, even with the most 
careful calculation, irregularities ih the cross- 
section of the stream, and in its course, may 
largely invalidate the values of o ana V. 

Weira. The methods of caloulatii^ the 
flow of water just described apply only to large 
rivers or canals ; in the case of a small stream* 1 
the quMitity pf water available for water iftfaePls 



is best oalonl&tod by means ot of 
Ja 172^ B is a thin plate In which is a ooc^ 

A. 

potrii over A, 

^%\oh ^ 

#at^fatis* rj: JL". i:: : . ^ oft: 

Knowing - - - • - . . ““j;; — 

the length *•—•-« -,— . 

of this I '5^ If, t 

notch and || (on 

theheadof ^72 weir the 

water, the iha 

quantity of water flowing over the won the 

may be found The length of the notch may (a.( 

be easily measured, but the head is not so n- 
easiiy determined The head is really the chs 
tanoe from the point C (rilled the crest) to tlic 
horizontal line DE, which marks the suriatc 
level of the stream before the veloci ty of appi ok h 
produces a sloping surface and a lowering of the I 
level In the diagram, H lepr^seiits the then aftc 

retioal head, and at this point the water would the 
lie still and the surface horizontal In piactu i , usi 
liowever, the head _________________ 

18 often measured 
only a few feet 

from the weir i, 

This 18 done by | /p| J ! 

means of an in- ' 

strument called a ^ 

hook gauge [A, 

172], which con- i' / V 

sists of a round 

rod sliding up amzanA^. ' f^kauMoxi' 

and down in a ^ 

tube fixed to a * ‘ ' 4' 

support At the 173 174 

bottom of the rod ' ■ 

IS a sharp-pointed w^ifrflow ovlr v wfir 

wire, in shape like 

a fish-hook The tube bears ^ vornici and tho ( or 
rod a scale, so that veiy minute fractions of an has 
inch can be measuied Tho hook is fust lowered wc i 

well below the surface and thui \eiy giadually acc( 

raised until its point product s a slight prominc nee stn 

as the surface water flows over it Tin head is vek 
then estimated from tho reading of the scale wci 
Another method in which a lule is employed the 
will be illustrated in the next article wci 

Calculating Flow over a Weir. Having 
determined the head of water, and length ot 
weir, the discharge is found from the formula 
Q=«mv/27R 

Q Is the discharge in cubn feet jiei second , / 
the length of weir in feet ; H tlu head in f( < 1 , 
g the acceleration of gravity , m a coc the k nt |j 
Vhich vanes with the head, but may bt tikcii 
>tipproximately as 41 Another formula gives ^ 
the discharge as: ,t ] 

HetOi n IS tho number of “ end contractions pun 

C( niinued 


MC0HI|illOA&, BMtMNgaaiilO 

of the weir End oontraction in a stream 
occurs when the weir is not the full width of the 
channel Thus, m 178, with a weir shaped os at 
A, tho stream linos will take the direction as 
shown m the plan at B, so that the actual length 
of tlie overflow , ( ‘ - D, is less than the length of tho 
weir I In 173 there aio, theretore, two end ron- 
traetions , in 174 only one In 176, where the weir 
18 the width of the eliannel, there is no end 
(ontiadion Each con ti action thus lessens 
the c ffeotivt k ngth of the weir to such an extent 
that fbe head, H, must be deducted from 
the length, /, foi each end contraction In 
ta<s mich as that m 175 it is evident that 
n — 0 and the formula would then bo 

Q = 3 35/H- 
or, 

Difficulty of Avoiding Errors. Yet, 
aftei the most painstaking observations and 

the nicest matlu matu al calculation, the final 
lesult IS often nothing more than an ap- 

pioximation to 
the actual dis- 

^ charge Disre- 

gardod, appaunt 
trifles may m- 

H ^ Volvo big errors 

^ ^ Thus, a thick 

ciest increases 
N » \ a n , , tho amount of 

|lR',/|'’l * ''"I fnction, and so 
V ^\' I , |iV I I il'f gives a less dis- 

l^' v:' i' » 

4\H. “ thin plate A 

176 rounded crest 

■ ■ ' '■■■■' - allows a gieater 

VLR V WFIR discharge than a 

sliaip edged one 
( onveigenee of the* hanks towards tlu weir 
has a similar effect, while the slope of the 
wcir its( If aids or hnideis the* dise barge, 
aecoiding to whetJui it be me lined d>wn- 
stre am, oi up stream Or, again, if the 

velocity ot the water as it approaches the 
wcir IS consieleiahle, some modiiuation of 
the mcasiiK d he wl is ne( o^sary If, too, in 
weirs With no ind conti actions aur cannot 
obtain ficc admission to the space beneath tho 
fallmg wak r [(\ 172], the resulting partial 
vacuum k'sstns Ihi ehschaige All tluse, and 
pcihaps othet unsuspected distuibing influeiucs, 
combine to rendci eakulatcd discharges, 
luaels, etc, furthei from the tiuth than tlu* 
student would expect 

Having hrutly and simply tone heel on tho 
qiustions of heads vilodties, and dnchaiges 
ot water in pipi s, in sticams, and over woira, 
it now remains to ehal witji the piactical 


application ot this watei nowei as se*en in watci 
wlieels, till hints, hydraulic engines, centrifugal 
pumps, etc. 
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L ft serves to 

Ktiie sund in hiortsr, bat that it dii!ers from the 
! IMiter lit. that it is capable of reacting with the 
I ihne to form a water-resistant material. 

Similat cements have been made from so- 
oalled Trass, found in the Rhine district, and 
-Rant(»in earth, from an island of that name in 
^e Groek Archipelago. Ground brick may also 
replace sand, and its action is similar to that of 
the substance just mentioned. 

' Natural Cements. Roman cement h 
a quick-setting cement, closely allied to hydraulic 
lime. It is a natural cement, made by calcining 
certain rounded lumps of stone found in the 
neighbourhood of the Isle of Sheppcy. These 
stones, termed “septaria” nodules, lie embedded 
in the marl, just like flint in chalk, and owe 
their origin to similar natural proc(‘sse8. [See 
Geology.] These nodules contain, on an aver- 
age, 60 to 70 parts of calcium carbonate, 18 to 20 
MTts of silica, and 6 to 10 parts ot alumina. 
They are heated in conical kilns, similar to lime- 

5 ilns, and the burning is carrk'd far enough to 
rive off all the carbonic acid from the mass, 
but not 80 far as to clinker it. The lumps are 
then finely ground. For use it is well mixed 
with about one-third its volume of water. It 
sets in from five (o fifteen minutes, and under 
water in less than an hour. ^ 

Another similar cement, known as Medina 
oement, is made from a stone found in the Isle 
of Wight. Both these cements set rapidly under 
water, and where a very rapid setting cement is 
required, they thus possess certain advantages 
over Portland cement. 

History of Cement. It may be truly 
said that Portland cement was the invention of 
an Englishman, and that England is the cradle 
of the industry. Previous to this we have the 
discovery of hydraulic mortars by Smeaton, who 
used them with such success in building tfio old 
Eddystonc lighthouse ; while Vicat, the French- 
man, at the beginning of the last century, w%as 
probably the first to use an artificial mixture of 
clay and chalk in the place of clayey limcstoni's, 
as found in the natural state. The actual dis- 
covery of Portland cement we owe to Joseph 
Aspdin, a bricklayer in Leeds, wlio took out his 
patent on October 21st, 1824. Tic called his 
cement after the celebrated building-stone from 
the Island of Portland. 

Aspdin^s cement was originally made at Wakc- 
'ifield* and had already attained some notoriety 
l^fore it began to be manufactured in the South 
of England. Here it evontuglly assumed enor* 
jHOub proportions. At the time of tlic Great 
Exhibition, in 1861, it had already attained a 
foothold* and begun to replace the old Roman 
cbmont. A little previous to this its maniifac- 
tm was taken up by Messrs. White & Co., of 
^l^wanacombe, on the Thames estuary, and after- 
* wards by an increasing number of firms in the 
' same neighbourhood, uqtil eventually the greater 
'JMXt ot the w(»ld’s pr^uction originated from 
flent w^rka situated on the lower loaches of the 
'Thames and Medway. This is, alas ! no longer 
casei although more cement is still made hero 
thab ki anv oilmr nart of England. 


Manufacture of Portland Cement. 

The actual manufacture falls into three distinct 
operations, viz . : 

1 . The preparation of the raw materials. 

2 . The burning of the cement clinker. 

3. The crushing and grinding of the olinker to 

form the finished article. 

The General Treatment. It goe.s 
without saying that different materials will call 
for different methods of preparation, but the 
object will always bo the same — viz.^ intimate 
mixing of the iliffcrent constituents in a finally 
divided state. 

In the early history of cement manufacture, 
as we have alrc‘ady explained, the raw inateriaLs 
were invariably soft chalk and river mud. 
Tlicsc could be best and most safely mixed in 
th(‘ >vct state. Both contained a considerable 
amount of water in the natural condition in 
which they wore found, and were soft imough to 
l>e w’ashed out easily by a further (quantity of 
water, leaving stones, tlints. and other impurities 
lichind. Later on, as the dt niand for oement 
incr(‘ascd, it was found that equally good 
cement could be made from a great variety of 
other materials besides chalk and river mud, 
such as marl, different kinds of limestone, 
whether hard or soft, in conjunction with 
differt'nt sorts of clay, eithi’i* gault clay or the 
various forms of shale and slate. Any of these 
raw mateiials can bo used, provided that the 
chemical composition of the ingredients at 
hand makes it possible to produce a mixture of 
the proper composition, and further assuming 
that the raw niutorials do not contain dangerous 
constituents — such as magmsia, sulphuric acid, 
etc. — in such quantities as to affect the soundness 
and quality of the cement. 

We may here mention incidentally that of 
late years another raw material has been largely 
used in the manufacture of Portland cement — 
in this case, not a natural stone, but a waste 
product — viz.y the slag from blast furnaces, 
which contains the thrive necessary ingredients-— 
lime, alumina, and silica. 

The difference in the nature of the raw 
materials as they are received in the factory 
naturally leads to diffenmt methods of treat- 
mi'nt, and these arc technically known as the 
different processes. Strictly speaking, there arc 
a very great number of these, but in a general 
way they may all be classed under two heads — 
namely, the icet and dry jiroeesses. All the 
others (‘an be considered as falling more or less 
under one or other of tlu'se processes, or a 
combination of the two. 

The Wet Process. This method consists 
in washing the raw materials together into a 
thinner or thicker “ slurry.” and is, as a rule, 
only used in those cases where the raw materials 
are of such a soft nature that washing can bo 
done by a simple apparatus called a wash mill, 
assisted afterwards by a grinding apparatus to 
reduce the slurry to a high state of sub- 
division. It may, however, be mentioned here 
that the wet process has also been used with 
harder materials, requiring “ edge-nmner ” 
mills to disintegrate them. 
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In the^ early days of cement manufacture the 
tret process was exclusively employed, and a 
very considerable amount of water was used 
for washing the materials. The slurry was 
consequently very thin, and could be led through 
a system of channels, in which the coarse 
particles settled to the bottom, and wore thus 
eliminated ; whereas the line, thin slurry 
was run into large' settling “ backs,” or reser- 
voirs. Here the cement material would gradu- 
ally settle, and the water could bo got rid 
of, partly by draining it off and partly by 
evaporation, so that after two or three months 
the cement, raw material, or slurry, had 
assumed the form of thick sludge, somewhat of 
the consistency of soft-soap, and in this shape 
was taken to the kilns to be burnt. 

Improvements in the Wet Process, 

Nowadays a more direct process has 
been very generally adopted, especially in 
England, by which the quantity of water re- 
quired is greatly reduced, and a thick slurry? 
formed, whii'h can be pumped direct to tho 
drying floors, so constructed as to utilise tho 
waste heat from the kilns. The original system 
is known as “ the Gore ham process ” 

Making Slurry. In either case the 
apparatu.s usually adopted for rodiieing and 
mixing the materials is (he wash mill [1], 
This consists of a brick- built basin of circular 
or octagonal shape, about 6 ft. deep and 12 to 
20 ft. across, partly sunk into the ground, with a 
brick-built pier or block of masonry (A) in tho 
centre supporting tho machinery. This consists 
of a driving gear (B) attached to a vertical shaft 
(C), supported at the lower end by the pier, and 
provided with a number of horizontal arms, 
termed “ channel ” or “ angle ” irons (DD). 
Cross harrows (E£), with renewable steel tines 



2. SMIDTH S WASH MILLS 


or metal bars (KK), are suspended by chains from 
tho arms. The cross is made to revolve by tho 
driving gear, and drags the harrows round in tho 
mixture of raw material and water. By the 
tearing and rubbing action the raw lumps are 
gradually disinuigrated and washed into slurry. 


To ensure regularity of working, means must 
be provided to regulate the quantity of water 
added, so that for a given weight of raw material 
tipped into the basin a corresponding quantity 
of water is admitted. 

The slurry, as a rule, leaves the wash mill 
through a grating let into one of the sides of th^ 
mill, and the openings in this grating will, to a 
certain extent, ensure that the slurry possesses 
a uniform aegroe of fineness when it leaves 
the mill 

Removing Stones from the Slurry, 

The wash mill also 
removt's stones, which 
occur naturally in the 
raw material, as they 
will not be 
disinteg- 
rated by 
the action 
of the mill. 

T ii o s 0 
stones — 

such as flints from chalk, etc. — collect at tho 
bottom of tho basin, and can be periodically 
<lug out and removed. 

As the stones continually accumulate while 
the operation is m progress, the harrows must 
bg gradually lifted up by shortening the chains 
by which they art' siispi'ndcd, so as not to 
work with the tines m the accumulation of 
stones, otherwise there would be undue friction 



1. SECTION OF A WASH MILL 


and t'onsidi'rablc waste of power. 

Tho wash mill must, of course, be stopped to 
lift the harrows and to remove tlie stones. 

An improved form is Smidth’s mill [2], which 
is so arranged tliat the whole cross with the 
harrows suspeiidc'd from it can be gradually 
lifted by turning .i hand whet‘1. In the illustra- 
tion two wash mills are shown. Tiiey are, 
ful'ther, built on arelu s entirely above ground, 
and at such a height that tip-waggons can gd in 
under them. In iJie bottom there are openings 
provided with doors, which opi'n downwards. 
By opening these, the stones which have 
aeeumulated in the wash mill can be emptied 
out with tho assistance of tho harrows, which 
should be lowered to such an extent as to 
scrape the stones to the openings. In this way 
the wash mill can be cleaned out in a few 
minutes instead of being put out of action for 
Hi'veral hours. Fig. 2 illustrates this type of 
wash mill. The tops of the horizontal revolving 
arms can just be seen. 

Chalk Lumps in Slurry. In modem 
practice, when the slurry is thick, it is necessary 
to grind it in order to get it fine enough. As it 
comes from the wash mill it may contain 

mbs,” or small lumps of chalk, and if these 
are allowed to remain without being reduced 
and thoroughly mixed with tho clay, they will 
be converted into free lime in tho process of 
burning the clinker, and the resulting* cement 
will be unsound. With few exceptions, the only 
machines which have been used for grinding 
the slurry are millstones of the ordinary type, 
tho slurry being pumped in through an opening 
in tho centre of the top stone, and in many 



•evcira} oonBeoutive passugea tbrougii 
kilie ston^ being deemed necessary to get the 
> slurry fine enou^. Of late years, however, 
the tube mill, adapted for wet grinding, has 
come much into favour. This mill is practically 
the same as the tube mill for dry grinding, 
which will be described later on. 

The Dry Procees. This process eon 
bo used for practically all materials, but is most 
often us^ with those which arc too hard to bo 
treated in the wash-mill. The raw materials 
are ground and mixed in a dry state ; tliey are, 
with a very few 
exceptions, arti- 
iicially dried bo 
fore grinding. 

Drying Raw 
Materials. 

Unless the raw 
materials are ab- 
solutely dry as 
they are brought 
into the factory, an artificial drying i.s necessary, 
because it is practically impossible to grind a 
material containing moisture to a leally fine 
powder. Even a very small quantity of water 
will give trouble by condensing in places where 
it copies into contact with cold metal, and will 
form a sludge ivith the dust, which will gradually 
accumulate and clog the apparatus. 

The drying has, in many cases, been done on 
drying fiats— that is to say, floors often covered 
with iron plah's and heated from below. [See 
illustration of Anderson kiln and cliambers.J 

In modern practice there are, however, only 
two methods commonly employed on a large 
scale. 

The Drying Drum. The first of tliese 
is the drying drum, consisting of a cylinder 
heated from inside or outside, or on both 
sides, and through which the material slowdy 
p^ses. The drying drum can either bo 
placed at an angle to induce the material to 
pass down it, or it can bo provided with ribs 
or projecting plates placed along a screw'-Jine 
inside, so that the interior somewhat resembles 
an Archi median screw with the (entre cut 
away. The simplest form of drying drum is 
one used in conjunction with the rotary kiln. 
It forms a continuation of the kiln itself, and is 
heated in a simple manner by the waste heat 
from the kiln passing through the dryer on its 
»way to the chimney. Besides this form of 
dryer there is an endless variety of designs, 
some consisting of only one cylinder, and some 
of two or more inside each other. Others are 
divided longitudinally into cells, to increase 
the drying capacity. They either utilise tlie 
waste heat in some way or other, or are pro- 
'vided with a special furnace fitted with an 
artificial draught produced by means of a 
blast fan. 

M an example of this typo of dryer, we give 
an illustration [8]. In plant of ^is construction, 
the stokehole B is so arranged as to be under 
hir pressure, and the air forced in by a large 
Ian (A). Fmm the stokehole the blast passes 
fthroujh the furnace C. in the direction indicated 
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bjr the arrows, and forces the hot air in the 
direction as shown, passing first outside the 
drying drum and then back through the inside, 
finally leaving through a chimney placed above 
the opposite end of the drum, at E. The drum 
revolves, driven by the gearing shown at H. 

Drying Kilns. The other form of dryer 
referred to above is the drying kiln. This, 
again, can be built in many different foruis. 
One of the best, especially in respect to the 
economical resiilts obtained, is the Smidth 
drying-towTr. We give a section illustrating 
the action of this dryer [ 4 ). In 5 is shown a 
typical drying-towi'r, one of many in use in 
English anil foreign cement works. The drying 
tower is a vertical bnek-built kiln of slightly 
conical shape. In the mterior is a brick- built 
dom(‘ w'lth ]»crfomted siiles, connected at the 
bottom with a fiirnaci* with smokeless com- 
bustion — that is to say, producing heated gases 
fre(‘ from smoke to avoid contamination of the 
raw material in the kiln. The furnace is 
operated under forced draft with air driven 
in by a fan. Cold air is* also admitted by 
another channel and mixed with the hot air 
from the furnace as it passes on its way to the 
interior of (he tower. The blast from the fan 
forces the hot air in through the dome, and dis- 
tributes it evenly throughout the charge in the 
kiln, winch tills the space between the dome 
ami the brickwork. Around the base of the 
latter are a number of doors, through wliich the 
drii'd matiu’ial falls by gravity, and the tower 
is kept constantly full with material put in at 
the top. A chimney or flue leads from a point 
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in the upper part, and the spent air laden with 
moisture escapes through it. 

A drying tower of this type can be built on a 
large scale, and has a very considerable output. 
It is quite easy to build a tower to heat 20(> tons 
of raw material every twenty-four hours, and 
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SECTION? OF A JAW CHUSHER 


there is practically no labour connected with it 
beyond stoking the furn<lce. A tower like this 
can be used for drying 
materials containing up 
to about 25 per cent, 
weight of moisture. 

The amount of 
fuel used is 
moderate, as 
a tower with 
material con- 
taining only 
live per cent, 
of water will 
ovapora tti 
5 lb. of water 
for each 
pound of 
coal burnt ; 
whereas, when tlie material contains up to 25 
jHsr cent, of water, the tower will evaporate 
8 Ib. of water for every pound of coal burnt. 

Crushing. In cases where the raw materials 
arc dried in revolving dryers, they have, as 
a rule, to bo crushed before passing into 
the diyor, but where drying kilns arc used, the 
materials are generally dried just after they 
come from the quarry. The largo blocks are 
taken directly to a “ jaw crusher,’' before going 
to the mills for further treatment. Fig. 6 shows 
a sectional diagram of tlu* most modern form 
of Hucli an appliance. The framework of the 
machine is in one piece, east in steel, and very 
strongly constructed, as it has to stand a 
considerable strain. The machine is provided 
with Hy wheels (A) and driving pulleys (B). 'rhe 
material is fed in at 0, between the two jaws, 
of which one (D) is fixed, and the other (E) swings 
to and fro, being pivoted at F. The axle | K 
carries an (‘ceentrio rod, wliich actuates the 
jaw E hy means of lovers. Tlio machine ij. 
generally placed entirely underground, with i 
shoot leading down from the floor level to the 
mouth of the crusher, and a ])lt under Iht 
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crusher with an elevator taking away the 
crushed material as it leaves the machine at M. 


mi 


[Compare plant used for grinding clay in Briok: 
MAKING, page 1278.] 

Grinding. As already mentioned, the dry 
process is principally used in connection with 
hard materials, though such soft substances as 
chalk and gault clay may, with advantage, be 
treated in a similar way. When working with 
softer materials of this nature, millstones are 
often used for grinding, and more especially the 
bottom runner millstone has been found best 
adapted in such cas^ts. This form has the 
advantage over the ordinary, or top runner 
millstone, in that the material during the grind- 
ing rests on the revolving stone, and conse- 
quently is moved out from tho centre by cen- 
trifugal force;. This relieves the stones and 
increases their output. A machine of this 
type is shown in 7. The material passes to 
the automatic feed by the hopper A. It passes 
down the middle, and then between the upper, 
or stationary, and lowcu*, or revolving stone, and 
out at B. The lower stone is fixed to tho axle H, 
bung up on a toe at the bottom of an iron tube L. 

This tube is raised or lowered by 
\ ’ / turning the nut M, threaded to fit 
V ' u upper part of the tube L. The 
axle H is actuated by the cogs 
C and I), the axlo K, and the 
pulley E. 

Even with harder materials 
the iinder-runnor millstone is 
somotiim s used, but the harder 
the material and the liner it 
has to bo ground, the 
greater will bo the power 
consumed by this 
machine, as the stones 
have to be pressed very 
tightly together. At the 
same time the output of 
each mill will be very 
much reduced. 

Edge-runner mills liavc also been used a great 
deal. They arc lieavy wheels of stone or iron 
running round on edge in a circular pan or 
iro\igh, and crushing the material by their 
weight. 1 A description of tiiis form of machine, 
sucli as is used for grinding (day, will be found 
under Brickmaking.] Runner mills are, how- 
ever, not very well adapted for really fine 
grinding, and they are clumsy machines for 
hard brick or clinker, requiring much power, 
and suitable only for a few special eases. 

Modern Methods. These pulverising ma- 
chines are ai ranged to finish the grinding in 
one operation, but for hard materials we may 
eeonomiso power by dividing the work, using a 
separate machine for tho preliminary, or coarse 
grinding, and another machine specially adapted 
for the iinishing, or fine grinding. 

Ball Mills. For tho first operation of 
coarse grinding, ball mills are almost universally 
used. This machine consists of a drum revolving 
on a horizontal mxis, and containing a number 
of heavy, hard steel balls. The periphery, or 
inner surface of the drum is made up of steps, 
and as tho balls fall from step to step, they 
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Ifmid tijpr' the minps of limestone or oth^ 
mstotisL Fig. B shows the mill in section, and 
B l^ves an outside view. The dust casing and 
fine screens, which are indicated in the sectional 
diagram^ are not shown here. 

In the ordinary ball mill the steps are formed 
of a number of -plates projecting one over tlio 
other. 'These step-plates are provided with 
heavy steel linings, and each is fitted witli a 
numW of j^forations through which the 
partly-crushed material falls out on to the 
screens. The fine part drops out into the 
hopper-shaped dust casing, indicated in tlie 
sectional diagram, whereas the coarse particles, 
which are retained on tlio screens, drop back 
trough the holes in the steps into the interior 
of the mill again as it revolves. 

The screens are generally made up of three 
parts — a strong plate, with slots or holes ; 
secondly, a coarse steel-wire screen ; and lastly, 
outside these, a wire screen of fine mesh. 

The material is fed in at the centre tlirough 
a hopper, and is discharged through the per- 
forations in the step-plates. 

Ball mills of this description were at one 
time frequently used to do the coarse and fine 
grinding in a single operation, but since the 
invention of the tube 
mill, they are used 
only as preliminary 
coarse grinders, the 
finishing, or fine grind- 
ing, being eflected by 
the tube mill, which 
is specially adapted for 
this purp’ose. 

Improvement on 
the Ball Mill. An 
improved form of ball 
mill is the Lindhart 
Comminutor, or Ko- 
mifior [10]. This differs 
considerably from the 
ordinary ball mills. 

Fig. 11 shows a section 
of the mill, and it will 

be seen that the material enters A at the centre 
at one side of the mill, the discharge taking 
place through slots at P at tlio opposite end. 
The material, already partly crushed by steel 
balls falling over the steps C passes out at P, 
and then back again along the whole length of the 
screens K and F, which are built slightly conical 
in shape, and the residue, which is not fine 
enough to pass through the screens into the* 
Outer casing M, is lifted up at the inlet end and 
dropped ,back again through tubes N into the 
tinl( together with the fresh material which 
^ters at the same time. 

The cylinder CD and screens fixed to tlie axle 
B revolve slowly, actuated by the pulley L 
imd cogwheels K and H. 

. As compared with the old ball mill, this type 
ItM several points of vantage. First of all, 
co^truot^^ the mill if^much simpler, 
^ tile Dody is a plain drum, the circumference 
beiim I^nt'of a single solid plate. The steps 
are femed by steel castings bolted on the inside, 
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as at D, and easily renewable. The grinding 
action of the mill is improved, as the materiid 
is forced to pass the entire length 
of the drum before it falls on to 
the sieves, whereas in the 
old ball mill larger parti- 
cles invariably found their 
way out 'through the 
different discharge holes, 
and were constantly falling 
on the sieves, to be 
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returned again to the 
mill. Another advan- 
tage in the new con- 
struction is the 
improved screening ca- 
pacity, as the material 
has to pass the entire 
length of the screens, 
whereas, in the old 
mill the material had 
to go only across one 
window of the screens, 
a very short distance indeed. 

The Kominor is a very efficient machine. 
The largest size is made to take a charge of 
3 tons of steel balls, and the capaiaty of the 
machine will bo about 
(> tons per hour when 
used for preliminary 
grinding of ordinary 
hard limestone to such 
a fineness that the par- 
ticles will pass through 
a screen of, say, 
meshes per lineal inch. 

Method of Mixing. 
Wc now’ come to another 
and very important step 
in the manufacture — 
viz., mixing iho. raw 
materials. In some fac- 
tories, by working with 
very puic materials of 
unvarying composition, 
it is possible to weigh 
the separate raw materials in the right 
proportion before grinding, or even before 
drying, and simply to mix tliem together in this 
state. But, as a rul(‘, they arc ki*pt separately 
during the drying, crushing and preliminary 
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because it is much e?^ier and more 
accurate to weigh them in the proper proportions 
after these operations. In those cases, especially 
where the raw materials vary considerably in 
composition, it goes without saying that large 
quantities of each material 
get mixed to a certain ex- 
tent by passihg through the 
different processes of 
“ drying, crushing and 
preliminary grinding, 
and an average com- 


mixing 


position has already l>eon 
obtained to some extent 
before the actual 
operation begins. 

Mixing Bins and Ex- 
tracting Worms. As this 
careful mixing is of the very 
greatest importance for the 
uniform quality of cement, 
mixing bins are commonly 
used to make the raw materials as far as possible 
of a uniform average composition. 

These mixing bins are generally built of brick- 
work or concrete, and consist of large vertical 
compartments fitted with “ extracting worms 
at the bottom, eonveying the material to 
elevators, and thence to “ distributing worms ” 
at the top. These worms consist of spiral 
strips of metal bent in the form of corkscrews 
or gimlets. They arc attaoliod to a shaft, 
revolve in a tube, and resemble in construction 
an Arohimodian screw. By their action they 
push the pow'dered material along the length of 
the tube. 'I’he worms and elevators are made 
large enough to Iiaivdle a much larger quantity 
than what is actually passing through the 
mills, and they are kept continually at work, 
so tliat'the surplus over and above what is going 
to the mills is constantly circulating through 
the bin, being taken out at the bottom and filled 
in at the top of the hopper. This h('lj)s consider- 
ably to mix the materials. 

Separate mixing bins arc used for each of tho 
raw materials, and the weighing and mixing 
are done after the materials have passed through 
the bin, and the composition of each has Ijeen 
equalised. The weighing is generally done 
by coupled automatic wT.ighing machines, 
which weigh the correct proportion of each 
material, and discharge tlicm together through 
a set of regulating w^orms, which deliver a 
stream of each material of a composition 
corresponding exactly 
to the ratio required. 

The Tube Mill. 

The mixed raw materials 
are then passed through 
tho fine grinding-mill. 

In modern practice this 
is almost invariably a 
tube mill. 

This machine [13] was invented by Mr. 
Davidsen. It consists of a long cylindrical 
drum revolving on a horizontal axis. Fig. 12 
shows a section through this mill. It will bo 
sieeii that the feed is at the centre of one end, 
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and is, as a rule, actuated by meanA of a w6rm»\ 
the speed of which can be regulated at will. 
The cylinder is half filled with hard fiint pebbles 
or grinding balls of other material, such as iron, 
porcelain or stone. The finely-ground product 
is discharged from the 
mill at the opposite 
end, at the periphery, 
through a system of 
slots or square holes 
covered with gratings, 
and the finish^ mate- 
rial falls into a hopper- 
shaped dust casing, from 
which it is taken away 
means of a worm 1t>r 
elevator. The action of this 
mill is so simple that it 
requires hardly any explana- 
tion. The material “ flows ” 
through the mill by gravita- 
tion, and as it is exposed for 
some time (o tlie rubbing and crushing action 
of innumerable flints or grinding balls, it will bo 
ground to a very regular degree of fineness. 
This will also depend on the quantity passed 
through the machine, and consequently on the 
time that each particle remains in the mill. 
It is therefore possible to regulaki the fineness 
of the finished product by regulating the feed. 

Capacity of Tube Mill. Tho tube mill is 
a machine of very largo capacity and output. 
The biggest machine built will take a charge of 
about 10 tons of Hint pebbles, and will grind 10 
tons an hour of ordinary raw material, such as 
hard limestone, to the usual degree of fineness. 
The grinding is so complete that 94 to 95 por 
cent, will pass through a sieve with 180 mvshes 
per lineal inch or 32,400 holes per squai'e inch. 
W<5 describe these sieves more fully under 
Cement Testing. 

Fig. 13 shows a tube mill of the largest size 
constructed for grinding raw material in cement 
works. It will l3o seen that th(i mill is driven 
by means of a pulley with “ friction clutch,” 
or fast and loose pulleys, and plain “ spur 
gearing ” ; on the counter shaft will also bo 
seen the cone pulleys, by which the feed worm 
is drivim. * 

The finely -ground raw materials are techni- 
cally called raw 7neal. 

It is advisable, in order better to secure at 
this stage absolute uniformity of composition, 
to introduce mixing bins for the raw meal, 
similar to those men- 
tioned above in the 
preliminary grinding of 
tho raw materials. They 
are provided with ex- 
tracting worms at the 
bottom, elevators and 
discharge worms at the 
top, through which a 
large quantityi^of raw meal, in addition to 
the quantity necessary for the furthei* manu- 
f^ture, is constantly circulated. The introduc- 
tion of big store bins at the different stages of 
manufacture will always be ^adopted by prudent 
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manufacturers, as a local stoppage in the 
wotks will not affect the working in tho 
Bnbsequent stages of manufacture. 

Other Processes. As has already 
been mentioned, besides the wet and dry 

S rocesses pure and simple, others have been 
evisod and put into operation. Various com- 
binations of the wet and dry process arc wt‘ll 
known. The sludge dug out from tlio settling 
backs in the old-fashiont'd Avet process is aonu'- 
times formed into bricks, Avilli the help of 
ordinary brickmaking machinery, by the addition 
of a certain proportion.of raw meal ma<ie on the 


which the bricks are passed througli a hot 
ovon stacked in waggons running on rails. 
[For details, see course dealing with Brick- 
making, page 1278.] 

Another process consists in treating tho moist 
raAV materials in their natural state just as tt\(py 
are, provided they are fairly dry, and subjecting 
them to tho preliminaiy crushing and grinding 
in this condition, finally grinding them wot in 
lulto mills with the addition of sii.^ficiont water 
to convert them into a tltick slurry, which can 
then be treated in the same way ns under the 
w'ot process. 
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dry process from the same materials. Likcwi.so, 
raw meal produced ])y the dry process has, in 
some eases, been mixed with a certain ])ro- 
portion of slurry made in wash mills, to form a 
mixture which eoukl be moulded into bricks. 
The resulting plaslie bricks in both eases liavo 
generally to be dried in “ tunnel ’ drycr.s, in 


It may also be monlioiied liero liiat cement is 
ofit'n produced from materials A\hich aiK^ found 
ready mixed in their natural state?. Such rocks 
arc called c<'ment stono,” and the resulting 
cement is called ‘‘natural eeiiicnt.” The raw 
materials require no other prt'paratiou than the 
simple (piarrying of tlie stone. 
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CUPPOSING for tho moment that use-acquiro- 
mcnta were transmitted, what would bo tho 
result? The child would grow into a normal 
healthy adult without exorcise. It would 
not require to learn how to feed itself, or to 
walk, or to speak. All these use-acquirements 
which the i)arcnts had would bo handed on 
^ such to tho offspring. But no such thing 
happens. The infant’s limb never reaches tho 
normal adult standard except from the stimulus 
of use, exactly as the parent’s did. Hie powoi 
of talking anu also of walking and feeding has 
to be acquired by each child afresh. Some of 
tho very functions necessary to life itself must 
bo acquired by each successive generation. Vet 
these characters have been acquired by every 
single individual of the race for hundreds of 
thousands of generations. Still, no child is 
born with them developed fully All that the 
child has U the same power of makiwj the aetjuia- 
rnerU for itself under similat conditions. 

Changes from Childhood to Man* 
hood. It is this power of making acquirements 
which has undergone such a degree of evolution. 
Most of the changes from infancy to manhood 
are aue to this power. In other w ords, the beaut i - 
ful co-ordination of all the different parts of the 
body in higher animals is not the result of trans- 
mitted acquirements, but is due to the facility 
with acquirements can be made. Thus, 

if ono structure varies markedly from tiu' 
parental condition, all others iwsoeiated with 
it are able to come into line, owing to tlie great 
power of making acquirements wJiich has bi'cii 
evolved. The individual is enabled to adapt 
himself to all sorts of surroundings in virtue of 
this faculty. He can become muscuhirly strong 
in case of need, besides well equipped intel- 
lectually. Without this power tho evolution 
of the highest animals could not have occ\irred, 
a fact which is seen most markedly in the 
plienomena of tho mind. It is to be noted 
further, that the great power of making acquire- 
ments in response to use or exercise is restricted 
to those directions which arc most commonly 
" useful to tho species. 8i>ccies differ, therefore, 
not only in their inborn ehaiacters but also in 
tlxeir acquired traits. “ Since this power of 
developing individually in responso to use is 
an enormously important faculty which is 
observable mainly in the higher animals, it -is, 
speaking oomparaiively, quite a recent product 
of evolution.’^ [Roid.J 

The Importance of Infancy. It - 

Oamiot be too clearly lecognised that, unless 
' au Want makes the same acquirements as his 
l^ar 1^ more remote ancestors made, he is 
iifican^Ie of m independent existence. Most 


important, too, is it to observe that this power 
is not maintained at tho same high level through* 
out life. In the human species the power of 
making acquirements, bt)th mental and physical, 
is intinitely greatest in infancy — indeed, it is 
chiefly on this account that the infant grows 
into an adult. But as time goes on, the capacity 
gradually dwindh'S, as inianev passes into 
manhood and manhood into old age, and the 
time comes when man can make neither physical 
iio! mental acquirements. Few of us change our 
opinions on any important subjects after the age 
of forty. Evciy great reform must take place 
by securing the a t teniion of the young. Nothing 
that is acquired is transmitted ; the acquire- 
ments must be made by each for himself. 

The Argument from Deformities. 

bi spite of some popular belief to the contrary, 
there is not a shr(*d ot evidence to show that an 
acquired deformity is ever transmitted. No 
puppy is born w ithout a tail on account of the 
mutilation of tho parent. AU such eases as 
are cited are doubtless mere coincidences, 
otherwise they would be far more common and 
capable ot j'^perimental production, w'hicli they 
are not. No medical man ever sees a surgical 
mutilation reproduced in offspring. What does 
happen is that a ehild is occasionally bom 
dc'formed, and the parents and others who seek 
to Hnd some explanation often assert that it is 
due to some oarental mutilation. . But one 
.sw. allow' does not make a summer and the 
swallow may la* mistaken for a martin. If 
transmission of mutilations wore possible, 
millions of children would be born mutilated, 
and a few' simple experiments would settle the 
matter. This does not happen, and from what 
we have learnt of the basis of heredity it is 
easy to see that it could not be so. 

Maternal Impresalons. If a pr^nant 

female sees some deformity or other tiefrrible - 
sight, and her child when bom is abnormal in 
any w'ay, the case is at once quoted as of ' 
the transmission of an acquired charier. 
Even if it occur, it is nothing of the sort. What 
the mother acquires is a mental impressfon. 
Wliat is present in the child a physical 
deformity. How the former is " 

into tho latter is past conception. Here, agaid^ 
it is a case of being w'ise after the event. MmioiUl 
of women see deformities and beajr healtiiy 
children, and the deforaied children ate born in 
the absence of any such factor. It is a poptdar 
superstition, and» even were it true, it iaiiOta caiKa 
in point, becatie'it is the mental imiffeasion of 
the mother which should reappear tn th& child . 
In order that tho acquirement ^onld be ^ 
transmitted, If such oases #ere true, the^ 





would merely prove that state of the maternal 
mind may in some way affect children born 
afterwards, not that an acquired cliaracter 
ia transmitted. 

The doctrine of telegony has also been 
regarded as further evidence in favour of 
transmission of acquirements. A mother wlio 
has borne offspring to one fatlier is supj)ost*d 
so to influence offspring borne subsequently to 
other fathers that the later offspring exhibit 
some resemblance to the first father. Thus, 
a white woman having a child to a negro is 
supposed to have darker children afterA\ards 
to a white man. It need only bo said h<‘rc that 
the experiments of Prolessor ("ossar Ewart are 
absolutely conclusive against the existence of 
telegony, and once more that, even were it true, 
there is no ac(|uirement transmitted, f)ecause 
the mother does not thus b<‘coine dark. 

The Argument from Disease. Of 

much greater importance is the question of 
disease in relation to heredity. This is a veiy 
large subject, to which we can refer only briefly, 
and by taking certain popular examples. There 
is a widespread popular conviction that diseast‘d 
parents produce the same disease in their 
children by transmission. The sins, or mis- 
fortunes, of the fathers in this n^speet are 
thought to b(* visited upon the heads of the 
children. Now, this is a crucial point in the 
question of transmitting ae(iuired characters. 
A disease is an acquirement. If a disease* be 
transmitted, then an acquinunent is transmitted 
•also. Onctj men* the error is duo to loose 
thinking and the mixing up of things (*sseniially 
distinct. Take one or Uvo well-known diseases, 
supposed by many to be hereditary. (Jout is 
constantly quoted as a case in point. Tuber- 
culosis, or consumption, is said to bo transmitted. 

These twn will serve as examples. Ki^ep clearly 
in mind that characters arc of tw’o sorts— 
germimU or inborn ; and mrnatic, or acquired. 
Disease is somatic, acquired. TJie tendency to a 
disease, how'cver. is often germinal, or inborn. 
That is much the same thing, someone objects. 
Not at all. A tendency may be counteracted by 
suitable surroundings, so much so that it may 
never Ix) acted upon. A disease is an actuality, 
an accomplished change in body tissiu's. 

Inherited '^Tendencies.’* The mistake 
is in confusing disease with the tendency 
■to disease, or diathesis. Some persons are so 
' constituted innately tliat, if exposed to the 
ii^ction of consumption or to the causes of 
gbtit, they will develop these conditions. They 
' haye on inherited tendency, and this is inherited 
beeause it is a germinal character, and nothing 
thiit they have acquired. 

" There is absolutely no evidence that high 
living on the part of the parent influences the 
tendency of the ciiild to gout, nor that genera- 
tions of kigh living tend to evolve a generation of 
gouty individuals. What happens is that if an 
^individual comes of a family in which the gouty 
tendency is innate,then under certain conditions 
he will get gout. He will not transmit that gout 
to his children, but they will have the gouty 
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tendency whether he gets the disease or not. 
Similarly with tuberculosis, which is never 
inborn . Tlie tendency is inborn and transmitted, 
and the child accpiires the disctise as the paremt 
did. Ihit if the child with the consumptive 
inborn diathesis bo placed in a good climate 
and not exposed to infection, it will grow up 
healthy be its parents ever so eonsumptive. 

It need hardly be said, except that it is 
little realised, that a eliild may acquire disease 
while still unborn. Jhit this has nothing to do 
with heredity. In such a case the child acquires 
the disease from the mother by infection, just 
ns the mother did from some other source. It 
is not inherited, because it is not germinal or 
inl)orn. A child would not be said to have 
inherited a bullet which had ])assed through 
the motJier and lodged in a devciloping ehyd 
before birth ; yet disease is eonstanfly s|7ok(*n 
of as inherited in this loose way. The incident 
of birth has no bearing on tlic question of 
h€*redity. ^lany things happen befori5 birth 
which at(; not matters of heredity but of acquire- 
ment by the child. An unborn child may take 
small})ox from its moth<*r ; it does not inherit 
smallpox in any real sense of the word, it takes 
it just as it miglit fake it after birth. 

Diseases Spontaneously Inherited, 

The only diseased conditions w'hich are in- 
herited an^ those which an; inborn, or ger- 
minal, just as in the ease of any other traits. 
Thus, if a child be born having six fingers 
instead of five, that morbid condition may 
ai)pear in t)\c succeeding generations as a 
hereditary character; because its origin is 
germinal, it is a spontaneous variation. So in 
that curious disease called “ hiemophilia, ’ in 
w'hich the sufferers are termed “ bleeders,” 
because, if for any reason they begin to bleed, 
it is impossible to stop the flow. That disease 
is truly hereditary, and in a very peculiar 
manner. It occurs chielly in males, females 
being rarely affected. But the transmission is 
not as a rule, from father to son, but almost 
always through apparently healthy members 
of the female line to the male d(vscendants. It 
is a striking example of a trait which can bo 
explained only by the continuity of the germ- 
cells from generation to generation. A some- 
w'liat similar mode of transmission is seen in 
some other* dis(;ase(l conditions. Apart from 
heredity there is no knowm cause of a disease 
such as luemophilia, and in this ease heredity is 
not the original cause but merely the means 
by W'hich the disease reappears. 

The Effect of Disease on the Race. 

If disease, then, l>c not transmitted as such 
to offspring, what ])art docs it play in tho 
process of racial or national evolution ? We 
have answ^ered this question on a previous 
page in this course [sec page 820], to which 
reference may again bo made here. Disea.se, 
if sufficiently widespread to Is; a cause of 
selection, operates by causing the survival of 
the fittest — those who have an inborn immunity 
to that special condition or those who have an 
inborn capacity to acquire immunity. What 
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nature of this immunity is we shall see when 
we study bacteriology. But it may be stated 
at once that were such an acquirement as 
disease transmitted from parents to offspring, 
then it follows that each succeeding generation 
would bo more and more diseased until they all 
ultimately perished from it. Of course, no 
such thing happens, the race gradually becomes 
immune or resistant from natural selection. 

The Case of Alcoholism. No case 
is more often quoted, or rather misquoted, than 
that of alcohol and drunkenness. Time after 
time we see it stated that the terrible effects 
of drink are to bo seen in the offspring of drunken 
parents, and that hero is a case of transmission 
of an acquired character. Onco more the 
belief is duo to ignorance of the facts, and to 
the same error of confusing germinal with 
somatic characters as before noted. There are 
individuals with an inborn germinal tendency to 
become drunkards, a true hereditary tendency, 
for which they are not to blame, but for which 
they deserve our unstinted pity. Whether they 
succumb to this tendency or not, it is handed 
on to their children, generation after generation, 
until the individuals have all been eliminated 
by selection. On the other hand, there are 
others who acquire the drunken habit for 
various reasons of environment. They do not 
transmit their acquirement to their children, 
but the children may, of course, acquire it in 
their turn for themselves, just as their parents 
did. So that the offspring of drunkards will 
probably be drunken or sober, according to the 
origin of the parental weakness. As a matter 
of fact, drunkards are just as often the children 
of most sober parents as they are of drunken 
parents, because they have acquired the habit. 

So, also, many sober individuals had drunken 
arents, but because theirs was an acquired 
abit the children escape, or, at least, have every 
opportunity of so doing. True hereditary 
alcoholism is not very common. Drunkenness 
is common because a great many have the 
capacity for acquiring the habit ; not all, how- 
ever, Many sober jpersons are so because they 
are oomparativoly unmuno, or very resistant. 
Drunkenness is a great selector, and in time 
weeds out the least resistant. So the nations 
which have had the longest experience of 
alcohol are found to be the least drunken — 
the Jews, for example. If acquired imbits, 
such as the alcoholic habit, wore transmitted to 
offspring, the race exposed to alcohol would get 
more ebrunken with each succeeding generation, 
which does not happen any more than it does 
in the cose of diseases. We shall return to this 
point in connection with physical deterioration. 

The Argument from Mental Traits. 

Just as ph^ical acquirements, such as big 
muscles and bodily disease, are not trans- 
mitted to offspring, so even more marke^y 
are mental acquirements non-hereditary. 
are all too familiar with the fact that we, each 
o£ U0» have to acquire, by long and painful 
steps, the mental traits of those who went 
beirare ut^.Unlese the trait be an irbom ona 


Put in the simplest : way, all that we ' 
individually has to be learnt over again by our 
children, who do not inherit our mental acquire* 
ments. They are use-acquiremenfs, and arise 
through exercise and stimulus, and, like other 
use-acquirements, are not transmissible. But 
the full import of the mental and also the 
moral aspect of the question can be grasped only 
when we have considered the last part of our 
task — namely, the evolution of mind, and it is 
to this problem that we must turn our attention. 

Evolution of Mind. A number of interest* 
ing view's have been lield as to the mode of the 
evolution of the human mind. It is entirely 
beyond our province here to review these — 
some of them will be dealt with when we 
study psychology — we can only indicate the 
lines which api)ear to us to have been followed. 
The works of Herbert Spencer, Romanes, Lew'CS, 
and others must be consulted in Order to learn 
what has been the course of thoiight on the 
subject. 

The problem of the evolution of mind and reason 
has long been discussed fro-m the starting point 
of instinct, and the attempt 1ms often been made 
to derive the former from the latter. Spencer 
regarded instinct as compound reflex action 
[see Phvsiology], and as the forerunner of 
intelligence. Lew es, on the other hand, regarded 
instinct as lapsed intelligence, and, therefore, as 
the successor of intelligence. The one thought 
that no instinct need ever have been intelligent; 
the other that all instincts must at one time 
have been so. Romanos agrees partly with 
both and totally with neither ; he thinks that 
some cases are accounted for on Spencer’s view, 
some on that of Lewes’s. All three theories 
assume that acquired mental characters are 
capable of transmission and accumulation in 
subsequent generations. 

Instinct and Intelligence. We are quite 
unable to accept this assumption, which appears^ 
to us contrary to all the evidence obtainable. 
Wo do not believe that intelligent action arises 
out of instinctive action which has become too 
complex to be purely instinctive, because some 
instinctive acts, such as the web-spinning of 
spiders, are very simple ; wo hold that the two 
are perfectly distinct and that instinct does not 
merge into reason, at any point. 

Tliere is no more ground for . thinkmg 
that instinct arises from intelligence thani^ for 
thinking that intelligence came from inst&ct. 
Mental acquirements are not transmiss^le.’ 

“ Having arisen in the parent through ^he ; 
stimulus of use, they do not arise in the offing 
through the stimulus of nutrition. ;. . . X| iS', 
impossible to understand why the mere ^ 
ordination in a ganglion o£ purely physl^. ' 
stimuli should result in consciousness. It is ' 
equally difficult to understand why the ^ 
compounding of reflexes should necessarily ^ 
result in desire, ^ memory, reason* : . . 
mental characters transmissible, the' huma^;: 
race would long ago have lost — inile^ would ^ 
never have achieved, that mental plasticity 
which is its special endowment; stei^ ; 
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typed knowledge, beliefs, prejudices, sontiraents, 
of the adult would appear in a stereotyped form 
in the child. ... A race that had long spoken 
a given language would speak it instinctively, 
though the children wore reared by people 
who spoko another tongue. There would be 
no deaf mutes, for, however deaf, the mutes 
Would still talk instinctively. A race that 
lived under conditions— *c.| 5 r., the presence of 
alcohol or opium— that adversely affected the 
mind would deteriorate until it perished.’' 
[Reid.] 

Acquirements and Instincts. The 

outstanding phenomenon in the higher evolution 
of min is the extent to ivhich his mental ac(piire- 
ments have replaced his inhorn instincts. And 
here is the essential difference between instinct 
and reason — instinct is germinal, or inborn ; 
reason is somatic, and ac()uir(‘d. Man lias 
evolved an immense power of making acciuin*- 
ments, and in no part of liis nature is this so 
striking as in his mental characters. This power 
is germinal, and therefore transmissible, and it 
is in virtu(5 of it that he has become the rea.soriing 
creature ho is. 

“ With the exoe]ition of the desire for rest and 
sleep, when wcarvetl, ne.irly all his remaining 
instincts arc mere incitements to rmikc^ acquin^- 
ments. Men and women endeavour by acquire- 
ments to increase their powers of fascination. 
The mother learns to tend her offspring. . . . 

Both sexual and parental lovi*, or, to sp(*ak more 
correctly, the capacity to feel thiuu, arc ac<piire- 
ments. It is v<ay doubtful whether the human 
male has any ‘ natural affection ’ for his children. 

He acquires his love for them as he may ac(|uire 
a, love of country, or of a iiarticular religious 
system, through the incitements of his imitative 
instincts. It is notorious that the custom or 
fashion prevailing in any race or class largely 
determines whether the men and the women 
^composing it shall be good or bad parents ; 
whether they sliall tend or neglect their children. 
Many races, ancient and modern, savag<^ and 
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civilised, have practised infantieidi* without 
pain or compunction. . . . Sexual love, as 

idealised among modern Western nations, is 
plainly an ac(juiroment. It is quite a recent 
character. . . . Ancient cornrnunitios showed no 
trace of it, and many modern communities show 
noiU‘. ... An appreciation of sexual beauty is 
supposed to be instinctive in human Ixnngs, but 
in a great measure it, also, is plainly a matter of 
acquirement. . . . Female heads devoid of hair 
are mueli admired in parts of Africa, as are shaven 
male heads in some other lands. . . . Modestyis 
supposed to he an iastinct. . . . Hut the baby has 
no trace of it, and apparently would not develo}) 
an iota but for his imitative faculty. Various 
savages have no moie modesty than a lower 
animal, (hily those raves that- wear clothes an* 
modest— at any rati‘, in the Christ ian or 
Mahometan sense. ... A manifest tradition, a 
mere aequirenamt, modesty has become stronger 
than any instinct. . . . 'riie 'rurkisli woman is 
modest about her face ; tlie English woman 
delights in dis])laying it. . . . 

Morality an Acquirement. '' Morality 
is said to bean instinct. But there is noevn- 
donce that any human individual or race ever 
possessed any morality, except such as was ac- 
quired through the imitative faculty, or, in rarer 
e{\ses, through reasoned thought, 'f’he extra- 
ordinary diversity of moral systems ... is 
eonehisive evidence that morality is no other 
than an acquinunent. . . . 

“ Fear and hate are said to he instincts. As a 
fa(;t, in man, fh(\v are acquired emotions. The 
adult fears or hates nothing ('xe(‘pt that which 
he has learned to fear or hate. . . . 'Ilie 

iiew’-born infant lunther fears nor hates any- 
thing.” [ Archdall Reid. I 

These copious (juotations from Dr. Reid’s 
recent work show' that most of the so-called 
instincts in man are really mental acquirements, 
and it is in tlu* immense power possessed 
by man of making these aequiremonts that 
he differs from the merely instinctive animals. 

\md 
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THE ELECTRIC MOTOR 

Electric Motive Power. Cost of Electric Power. Continuous Current 
Motors. The Propelling; Drag;, Voltag;e and Speed, Starting Devices 


By Professor SILVANUS P. THOMPSON 


Electric Power. An electric motor is a wcij?ht in pounds. Energy can bo expressed in 

species of engine wliich runs by electricity, and terms of jont- pounds — f.e., as equivalent to lifting 

will give out m^Thanical power. Tn other words, a pound so many feet high against gravity, 

it is a contrivance for converting the energy of But poMcr uill be expressed in terms of the 

the electric currents with which it is supplied number of foot-pounds per minute that are being 

into the energy of mechanical movement, and so expended in useful work. We have seen [page 

doing useful work. *290] that by James Watt’s definition, uni- 

Tho way in which the electric motor docs versally accepted by engineers, 1 h.p. is 

this is founded upon the mechanical action that equivalent to 3^1,000 foot-pounds per mmute. 

exists between a copper conductor that is Tliis is the samj as 550 foot-pounds per 

carrying the current and the magnetism of a second, or as 1,980,000 foot-pounds per hour, 

neighbouring current. A magnet pole neither But power miy be equally well expressed 
attracts nor repels the wire electrical units, 

that is c«TiTying an electric for, as pointed out on pago 

cuiTcnt, for the action is a 290, 1 h.p. is the equivalent 

lateral one; the force which 7^6 watts. This figure 

the magnet exercises upon I / ll il borne in mind in 

the conductor is a sideways calculations about electric 

force tending to urge the / ImllMs 

conductor laterally post the jjtmmm Power of Electric 

pole. Motors. The user of an 

The principle of the electric elect nc motor generally has 

motor was discovered in ^ ‘^ome Kle«i, more or less 

1822 by Faraday when he vague, of the amount of 

succeeded in causing a copper pouer that he requires his 
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wire carrying a current to " i \iinviN. 
rotate around the jiole of a 
bar magnet which stood in a pool ot mercury 
into which the lower end of the wire dipped. 

Motors for Continuous Currents. 
Motors to bo supplied with continuous currents 
from batteries or from a dynamo differ some- 
what in design from those intended to work 
with alternating currents. Some of the latter 
kind, called induction motors, arc described here- 
after in our discussion of Thrke Pii\se. The 
present chapter is devoted almost exclusively to 
motel’s for continuous currentH. All such motors 
consist of the following essential parts: An 
armature, on which are wound the conductors 
which carry the current, and which ^:evolves ; 
the fiM magnet, which produces the magnetism 
to act on the conductors and drive them past the 
poles ; the commutator and brushes, which pro- 
vide sliding contacts between the revolving 
conductors and the wires that bring the currents 
from the supply mains. It will be seen that 
these essential parts are the same as those of a 
dynamo [page 1104] ; in fact, every dynamo will 
act as a motor if supplied with current at tho 
proper voltage, and every motor will act as a 
dynamo if mechanically driven at the proper 
speed. 

power. Pow’er is scientifically defined as 
rate of expending energy in doing work. It 
must, therefore, not ^ l>e confused with force 
[which is a mere pusS or pull), or with eneri/y 
[which is the psoduot of powrer and time). A 
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:rHRENT iiiotoi to give. The following 

H)*c a few statistics about 
the powd* needed for dining different kinds 
of miv hiiieiy : 

Wood-woikinj Maihnc^ • 


I>et Na\^ (iiittinj; 1 in. 


Biiml Miw (20 III , --aw. 

in^ 4 in. jilank) 
(’iruiilar navv (30 in . 
sHWing 10 lu. teak). . 


Caiwtan lathe (0 in. lor i 
braMHvioik) 

30 m. lathe (high HpeeH, 
cutting nuld steel) . . 
Milling machine 
Shop oraiio 

Miscellaneous : 

Lift for hotel . . , . I 

Small printing ma- 

chmo ’ 

Rotarv pres-i (*2,000 
sheets per hour) 
Rotar\ urchs (20,000 
nows-snocts per hour 


Hnim*. 
pow cr. 

1 Watts. 

0 3 to 0*5 

1 224 to 

373 

3 ..4 

1 2,238 ,. 

2,984 

14,. IS 
0*6 „ 1*0 i 

Machines . 

177,684 ,. 

1 447 „ 

79,076 

746 

l to 2 j 

746 to 

1,492 

20 „ 30 

11::1 

14,920 
1419 M 
1419 H 

22,380 

2,984 

2,984 

11 to 4 

1419 to 

2,984 

J..4 

373 .. 

1419 


S,S52 

nows-shocts per hour I 30 „ 40 22,380 „ 22,840 

Small fail motor .. 0*05 „ 0*1 37 „ 76 

Sewing machine ..i 0*1 ,,6*16 76,, 112 

Organ blower .. ..'o*3..2 226 „ 

Now, remembering [page 292} that the 
number of watts of poj^er used by the motor is 
the product of the number of amperee it takes ^ 


forc^c^)i^j|kptesBed in terms of the equivalent pom the mains into the qumhei^ Vbli^ ht 
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which the current u 9upplit‘cl, we can find 
(approximately) how many amperes any motor 
will take by dividing the number of watts it 
consumes when at w^ork by the number of volts 
of supply. Thus, if we wanted to know how 
many amperes would be taken by a motor for 
blowing a large organ in a town wh(‘r(* the 
voltage of supply w'as 2'2() volts, wc observe 
from the table that we sliall want a 2 h.p. 
blow^er, consuming 2 x 74(1 ~ J,t02 watts. 
Then dividing 1,492 by 220, we find as tht‘ 
necessary current at least 0 78 amperes. A 
fan motor of ,V) h.p. — that is, 74* b watfs — 
if the supply is at 100 volts, will take about 
74*6 100 — 0*740 amperes, 

or a little more than an 
ordinary incandescent lamp. 

As a matter of fact, in each 
cose the current will be a 
little more than that calcu- 
lated, because of the slight 
loss by friction in the motor 
itself. 


MAONETIC FLrX IN 
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Cost of Motor Power. 

Tliis obviously dop»mds on 
the price of electric eniu’gy 
per “unit.” The “unit" by wlii*li energy is 
charged is 1,000 waft -hours ; and tlie eliargc' per 
“unit” varies in Fhigland from l.Jd. to 4d. to 
retail customers. Suppose a small factory to 
require a 20 h.p, motor, whic'li is sometinu's 
running full l^.a(i, sometimes at a siualler load, 
but which averages 15 h.p. during a working 
W'cek of C)4 hours. Assume also (allowing 
eight days complete stoppage for liolidays. 
besides Sundays) that there w ill be 51 working 
woeks in tin* year, the cost of power will be 
calculated tlius; ^Iiiltiplying 15 by 740, w’e get 
11,190 watts, or 11*19 kilowotts, as the average 
power. In one working week the numher of 
“units” consumed will ho 1 1* 19 x 04 -- 
^ 710*10; and in one year will 
be 51 X 710- 10 - 50.52-1 
units. At I Jd. per unit, fh^^ 
amounts to" £2*28 10s. Od.. 

Avhereas had a small steam- 
engine been used the cost 
would have been over £300. 

The Propelling Drag. 

The drag which the magiK't i(; 
field exerts upon the i‘ou- 
.>/ doctor w'hich carries the 
current is illiistrated dia- 
grammatically in 87. This 
represents the pole of one of the electromagnets, 
a north polo of nearly square shape, with its 
invisible magnetic lines radiating ovit of it. In 
front of this polo there lies a copper conductor 
canying an electric- cuneiit, which is repre- 
, Bonted s& flowing frona us along the wire. 
Then it is experimentally found that this wire 
, is acted on by a force which is neither an 
attraction toward the pole nor a repulsion 
from it, but a mechanical drag tending to 
shift the .wire sideways to itself, and upwards 
past the pole. If the jjole were a soutli pole 
ihsl^ead of a north pole, the drag on the current 
comihg toward ua would Ir* downw^ard instead of 
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Upward. If the pole were still a north pole, hut 
the current h<ad been reversed in direction so as 
to flow tow'ards us instead of from us, then the 
drag would hi* downward. Jtoversing the sense 
of cither of the two elements (the magnet ie 
lield or the current) reverses the direction of 
the nu^ehanical force. Jhit if both were reveu’sed 
at once tlie met;hanieal force would still be 
upward. 

CalculatTon of Force on a Con^ 
ductor. The formula foi* calculating the 
amount of force iwtin^ in such a ease is this. 
Let the symbol B stand for the flux-density— 
that is, the numl);*r of lines piu* square inch at 
the pole surface ; (’, for tlie 
eiirrent (amperes) carried by 
one wne; /, the Icngtii of 
wiri^ crossing the flux, being 
the saim* as the length across 
the pole face ; tlu'ii the force 
/, in pounds, with which the* 
w ire is urged across the ])oIe, 
is givi'ii by the rule : 

/ -:= B X C, X / ll,303.(HK). 

For example, if Q -* 
45,009 lines per square 
inch, (’| 10 amperes, and I - 5 in., then / • 

45,(K)0 X 10 X 5 11,303,000 --r 0*199 Ih. 

In some old patterns of motors the 
armatun's had smooth iron cores, with the 
copper windings lying on the outside of them, 
hound on by binding wires. In such cases 
the copper whes were dragged by the action 
of the magnetic field, and this drove the 
motor. For insfanci;, if in some such 
motoi* the drag on each w'ire had boon, 
calculated above, about oiii*-lifth of a ]>ound, 
and if tJiere h id been 4fM) such wires passing 
under tlu* various poles, the total peripheral drag 
tending to turn tlio armature w'ould have been 
equal to 80 lb. But in modern motors, the 
arm ituro cores are always 
built up of toothed core- 
discs, and the copper w'ires 
(properly insulated) are 
wound in the slots betw'cen 
the tooth. In that ease, the 
propelling drag does not 
come upon tlie copper wires, 
l)ut comes upon the iron 
teeth, a id drags them round. 
The amount of tlie force is 
just the same as if it eamo 
on the w ires, but the mcehani- 
eal construetioTi is far better, as the wiro.s are 
protected fiom displacement by being sunk in 
the slots. 

Magnetic Drag. We may regerd the 
]U*opelling drag in the motor as the result of the 
magnetic reactions helweem the field -magnet 
poles and the armature. Wo know [sec page 5001 
lh<at there is alw^ays a tension along the invisible 
magnetic lines, which act as though they tended 
to shorten themselves. Now*, suppose we repre- 
sent, as in 88, tw'O of the,{)oles of a 4-pole motor 
and the pieee of the armxture opposite* them. If 
there is no current in the armature, the ningn<*tie 
lines from the poles w ill cross to the iron teeth 
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of the armature nearly straight across the clear- 
^ce, and each pole will pull directly at the teeth 
opposite, and this pull will not tend to drive the 
armature either way. But if, as in 89, the arma- 
ture wires are carrying currents (the dots and 
crosses represent currents coining towards or 
from us, as explained on page 1321), then the 
magnetic lines will be distorted, as shown, and 
will cross the gaps obliquely to the teetli ; and 
in that case there will obviously be forces 
tending to drive the armature and make it turn. 

Torque, or Turning Moment. The 
mechanical tendency to turn anything around 
an axis of rotation is called by engineers the 
torque. It is also called the turning moment^ 
or angular force ^ or couple. The torque, or 
turning moment [see MbchaniCs] due to any 
force is equal to the product of the force and its 
leverage. Thus, if a force of 10 lb. acts with 


ni'^ant the number of raiiaiM (one ta^ian being 
the unit angle in circular measure, seeGBOMKTBY) 
per minute, and is calculated by multiplying the 
number of revolutions per minute by 27 r ( =6^’28). 
Tlius, a body revolving at 600 revolutions .per 
minute has an angular speed of 0*28 x 600 =» 
3,768 radians per second. We may take as an 
example of both ways of calculating power the 
case of a motor armature 9 in. in diameter, 
having a total peripheral force of 134 lb., 
and revolving at 600 revolutions per minute. 
How much powder is it giving out ? The ladius 
is 4\ in., or 0*375 ft. ; then, multiplying the 
peripheral force of 134 lb. by the leverage 
of 0 375 ft., w^esee that the torque is just over 
50*25 pound feet ; and 50*25 poimd-foet multi- 
plied by 3,768 radians per minute = 189,342 foot- 
})ounds per minute, which, divided by 33,000 to 
bring it to horse-power, gives 5*75 h.p. Or, 
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a leverage of 2 ft., there is a toiquo, qr thming 
moment, of 20 pound- feet. The name of 
pound-foot is given to that amount of tor^e 
which is exerted by a force of 1 lb. acting at\i. 
radius of 1 ft. 

Those not familiar with precise scientific 
terms must not confuse between 1 pound-foot 
of torque and 1 foot-pound of work ; for tin* 
pound-foot, which is a turning effort, is tliO 
product of a force exerted tangentially, into a 
^length at right angles to it — that is, radially ; 
.wl^eas, the foot-pound, which is the w^ork do to 
a movement, is the product of a force into a 
leilgih in the same direction as itself. 

Speed* Torque, and Power. Powet, 
Wipg a product of edort and speed, expressible 
in foot-pounds per minute, may be stated in two 
ways; either (1) as product of torque and 
oy (2y%s product of peripheral 
force, ana surface sp^. By angular speed is 


calculating by the second m'^thod, the surfaoe- 
spetd will be equal to revolutions per minute 
( = 691)) multiplied by circumference ( « 0*76 
3 14 = 2*366 ft.), and is therefore 600 x 2*466 
— 14,166 ft. p 3 r minute , and, multiplying 
this by the peripheral force of 134 lb., gives 
as the jiower 1,416 x 134= 189,342 foot-ponnds 
per minute, or 5*75 h.p., os before. 

A Modern Motor. Let us ^udy a 
modern motor, such as is depicted in 90 an^ 91 , 
.r capable of giving out, when tested by a brsJte/ 
5 h.p., when running at 600 revolutions per 
minute, ajid so wound as to be suitable to work 
on mains supplied at 220 volts. 

Now, we know that if it is to give out actually 
5 h.p. it must actually receive more tban the 
equivalent electrically, because of the inevitable 
losses due to friction, armature heating^ and 
the like. If we estimate these losses at,isayi 15 
per cent., the motor must receive from the nmii^ 


the equivatent of 5’75 h.p. — ihat is, 5-75 x 
746 «:4289‘3 watts. Now, dividing the watts by 
the vielts gives the amperes ; or 4280 o -f- 220 ~ 

19*5 ampei-es will be the ciuTent it will take 
frdm the mains. 

^ The construction of this motor is as follows. 

There are four poles, each 
having a flux of about 1,180,000 
magnetic lines, and as tlie 
surface of each pole is about 
26 sqv in., the flux density at 
the pole-face is about 45,001) 
lines per sq. in. Tlie armature 
core is built of toothed core- 
discs, like 67 [page 1 1 06], 9 in. in 
diameter to a lengtii of al.out 
5 in. They have 31 slots, 1 in. 
deep. The armature coils arc 
former-wound, like 55 [page 
1105], 15 wires being taped 
together in each coil, and tI\o 
coils assembled two-deep in 

Sch “Sot “ JL ® VwireJ: VIEW 

'The coils, bent like the one marked ABC, are 
fitted in symmetrically, and fix(‘(l by wcdgtvs and 
inriding wirt^. This makes the total number of 
wir(*.s around tlui armature t»30. 



of which not more than about 
670 are at any one time 
actually passing under 
the poles. The group- 
ing of the coils con- 
stitutes, as explained on 
page 1323, a series-paral- 
lel winding with two circuits 
through the armature, like 68 
[page 1323]. At full load, eaeli 
wire, therefore, carrh'd 10 ,5 
2 ~ 9-75, or nearly 10 aiujicn 
on the armature may lie calculated as tlio.igh 
it came on the wir(*s, and, according to the rule 
laid dowi\ above, will be 
45,(]00 X 10 X 5 -5-1 1,303,000 
^=5 0199 lb. per wire, or 
about 6 lb. |X!r tooth 
under the poles, or in total 
about 0199x670 -- 1341b. 

;31ie commutator has 93 
segments, and is . 8 in. in 
>fj^ametep. The field-mag 
net coils cohsist of 1,2S[) 
imqqs . each of a fine 
wire carrying about one 
ianpere. 

Fig. 98 shows a view of 
an armature of such a 
motor when completed, 

:and 94^ gives an external 
View of^^e whole machine. 

8mall niotois under 5h.p. 94 
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bearings, and tluis protect tlie armature on'ls 
the commutator, and the brushes, such forms 
being described as protected motors. Others 
are enclosed by having tlic spaces in the end- 
shields covered witli perforated metal ; while 
others, again, are fotallp enclosed, to c.nablo 
them to be used in factories 
where an explosive gas or 
|M)mbiistiblo dust is present 
ill the air. As enclosing a 
motor prevents tlie cooling 
of lJi(! internal parts by 
access of air, they have to 
be given a low'or rating ; 
tlms, a motor which, if open 
or only protected, wm rated 
at .5 h.p., could only be raU d 
at 2J or 3 h.p. if totally 
enclosed. 

Voltage and Speid of 
a Motor, There is a fixed 
relation between the voltage 
apiilicd to a motor and the 
speed at ^vliich it runs, 
provided the magnetism of itfc poles remains 
constant. For if wo regard the revolving 
armature, as on page 1501, as aeting like that of 
a dynamo, wo. may calculate 
wliat voltage its conductors 
will create by cutting the 
magnetic lines. 
Every motor 
does this, and 
n (Micssarily 
(ueates a back- 
voltage which can, how- 
ever, never be greater than 

ABMATiruE JiHTioron '» applied to 

its armature. In fact, every 
The drag motor tends to run up to sucli a peed that, it 
generates a back- voltage equal to that part of 
the actual voltage that is applied to its arma- 
ture. If a resistance bo 
introduced into the arma- 
ture leads, tliia will, of 
course, reduce the amount 
of voltage tliab is available 
at the*, armature, and reduce 
tlie speed. By tho rule on 
page 13*24, this motor, with 
a flux of 1,180,000 lines per 
pole, 93t) comluctors, 4 




polos, 2 circuits, and a 
speed of COO revolutions 
per uiinuto, will generate a 

voltage of ^ X 


back 


are often made bipolar, 

: with field magnets like 45 or 46 [page 1104], 

. , Frpteptied wAid Enclosed Motors* 

: ISjmetiihes motors are left entirely open, and 
rthen they resemble the 4-pole dynamos depicted 
44 . More often now they arc 

with end-shield^ which support the 
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^ 2 60 
X 930 X 1,180,000 •+• 

100,000,000 220 volts, 

equal (when the motor is 
running Hglu, at top speed) 
to tho voltage of supply. If 
load is put on the speed will drop a little, the 
back-voltage will drop correspondingly, and 
therefore automatically, and more current will 
flow fiom the mains tq drive the load. At full 
load with this motor the spt^ed drops to about 
570 revolutions per minute, so that the back- 

1693 


CtBOTftlOITV 

voltage drops to about 210 volts. By weaken- 
ing the magnetism of the field majndts of the 
inotor it will run faster ; by strengthening it the 
motor will run slower. This property is made 
use of to regulate the speed. 

Starting of Motors. The current must 
not be turned on all at once on to a motor 
when it is to start. For when the armature is 
standing still it exercises no back volts, and 
there would ]>c a rush of current several times 
greater than the proper full -load curront, and 
the motor .might bo overheated or damaged. 
Consequently motors are arianged with starting 
devices^ consisting essentially <»f arrangements 
of resistance wires on suitable frames with 
handles for moving contacts, by which various 
amounts of resistance can bo first introdmu'd 
into the circuit and afterwaids cut out as the 
motor gets up speed. 

Fig.*^95 represents diagrammatieally a starter 
in common use. The current on its way to the 
magnet windings is taken round the eoils of a 
small tJeetromagnet at A, so that when tlu^ 
switch arm is moved to the full “ on ” position 
it is held there, against a spring, by attracting 
the soft iron armature B. Sboiild the current 
fail to pass through the exciting circuit of the 
field rajignet by any break of the eonneetions, the 
electromagnet A at once releases its hold and 
the spring pulls the lever hack to the “ off 
position, thus protecting the armature from 
any abnormal rush of current w hich might burn 
it out. 

Sometimes motors are lit ted with an overload 
release which automatically releases the con- 
trolling lover if the mot-or, by getting jammed, 
takes an excessive current from the mains. 
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Fig. 96 depicts an actual motor-£tavting 
panel fitted w'ith overload and no-load release 
devices. Many motors, c8|)ocially those for 
lifts and large printing machines, are "'fitted 
with brakes to bring them quickly to rest when 
desired. 

Variable Speeding of Motors. To 

enable a motor to operate at different speeds 
there are different devices. One of these is 

to introduce 
into the main 
path of the 
armature cur- 
rent more or 
less resistance. 
This reducoa 
the voltage 
that is avail- 
able at tho 
brushes, and 
therefore, other 
things being 
the same, re- 
d u e e s t h o 
speed at w'hieh 
it tends to run. 
But this device is not economical, as it w'^astes 
energy in heating tho resistance. In tho ease of 
shunt motors — that is, those having their field 
magnets excited in shunt circuit from the mains 
— it is usual to introduce a variable ix aistamjc 
into this shunt circuit, wlicreby the amount of, 
exciting current, and tiierefore the amount of 
magnetism, can bo K'duced to raise the speed, 
or increased to lower the speed. This is an 
economical method, and is often combined with 
the former plan. In the ease of series motors — 
that is, those having their exciting coils in 
series w ith the armature, the lield-magnot coil 
can itself be shunted through a n'sistanee to 
reduce the excitation and so raise the speed. 

Another plan often adopted in factory 
driving is to provide an electric supply with 
several sets ot distributing mains at different 
voltages, so that the voltage apj>lied to the 
armature of the motor can be altered at will. 
There is yet another plan— namely, to gear 
together two motors, w^hich eon be w’orked 
either in series or in parallel. 

Motor Gearing. Fiequently motoro 
must be geared down in order that a small 
high-speed motor may be used 'ins toad of* a 
la.rge slow"-spe(‘d one. An example of . such 
gearing is shown in 97, which represents the 
toothed wheels ofb'n applied to reduce the 
speed. Another example is afforded by 98, 
which deiiicts a Tangye lathe driven by belt- 
gearing from a motor which itself runs at a 
higher speed than the lathe. 

Motor Equipments. In the different 
trades the requirements of motors differ much. 
In the printing trade, for example, tho motor 
which drives the printing-press must be able 
to run quite slowly — say at ton to fifteen 
revolutions per minute only — when making up 
or threading, but must run very quickly when 
in ordinary work. So, in such cases, there must, 
bo a special motor for each machine. On tho 
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other hand, in textile factories, whcro a ver 
/uniform speed of driving is required for th 
looms and spinning machines, it is common ti 
fiiid lines of shafting each driven by one larg. 
motor, while the individual looms arc driven b^ 
belts from the shafting. 

Motor Driving in Factories. L 
engineering factories, if each machino tool h 
driven by a separate motor, the speed of eacl 
can be that best adapted for the particular tool 
For milling cutters, planing machines, am 
slotting machines, the range of variation o 
speed is seldom greater than from 1 to 2 
whereas on lathe -work much wider variation! 
of speed are needed. When the lathe is used tc 
turn up a wheel it must run slowly ; when it h 
turning a shaft it must run quickly. Hence 
electric driving with variable -speed motors ha; 
distinct advantages. Moreover, the long line; 
of shafting which used to be seen in all engineer 
jng factories waste much power in uselesi 
friction. By .abolishing these, and putt ini 


elootrio motors to drive the various tools, a 
gt‘eat saving in power can be effected. 

Electric Cranes. 8o great arc^ the 
!,jilMlvantages of the electric motor as applied to 
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travelling cranes, that practically all travelling 
for factorios ai’c dvivcH by 
electric motors. Civ.nes 

for sliipyards, docks, 

and railway loading are 
often noAv electricall}^ 
driven. Motors for electric 
cranes arc not rcr|iiired to 
run at a uniform speed ; 
and as they arc used inter- 
mittently, with periods of 
rest in betw'cen, it is usual 
to allow them to be do'- 
signed with thinner copper 
conductors and smaller 

cross-sections of iron than 
arc considered permissible 
in other motors. As a 
consequence they heat up 
more quickly w’hcn the 
current is sw^jt-ched on ; 
but tliey have time to cool 
down again. 

Alternating Current 
Motors. For single-phase 
alternating currents motors 
can be used with com- 
mutaton; of design very 
similar to ordinary motors, 
but the w'hole of the iron 
parts musj; be. laminated, except the external 
frame and bedj)]ate ; and special means 
must bo adopted for securing sparkless coni- 


w-titf 11 f ir\n 

Continued 



1595 







teiid to form salts. Thoir compounds are 
called hcdides. Then there arc the two elements 
which we treated together, oxygen and sulphur, 
simple compounds of which, with other elements, 
are called oxides and sulphides. Carbon also 
forms simple, compounds with other elements, 
which are called carbides, whilst those of 
nitrogen and phosphorus are called nitrides and 
phosphides. The reader will observe the iini- 
lorraity of the terms, which all end in “ide,” 
and which indicate com}30iinds consisting of 
the clement in <|uestion willi one other element. 
When we have double compounds, such as 
calcium carbonate CaCO..,, different termina- 
tions are employed; the compound is called, 
not a carbide, but a carbonate. 

Preparation of Compounds. Countless 
compounds occur in nature, but these can bt? 
artiticially prepared in the laboratory, and 
recent chemistry has also been al)le to prepare 
thousands of compounds whicli do not occur in 
nature at all. 

The first and simplest method is obviously 
that of direct union — as, for instance, when, as 
we saw on page 692, oxygen and hydrogvui 
combine under the influence of the electric 
spark to form water. The commonest instances 
of direct union are cases of oxidation, which has 
already b(*on defined as combination with 
oxygen. As a rule, light and heat are produced 
when this occurs, and in such cases we apply 
the term combustion to the process. V(»ry 
nearly all cases of combustion arc. oxidations. 

(If the reader is also studying the course on 
Physics, he will remember the doctrine of the 
conservation of energy ; he regards heat and 
light as instances of energy, and the doctiino 
teaches him that these arc not created out of 
nothing during combustion. Where do they 
come from ? The answer is that they are the 
equivalents of the potential energy contained 
in the atoms of the combining elements before 
they combined — a potential energy which 
they no longer poaesss when Mu^ir affinities 
for one another have been satisfied. It has 
left them in the form of light and heat. Com- 
pare what was said in a recent section of the 
general tendency of chemical processes.) 

; Combustion without Oxygen. But 
there are instances of combustion in which 
oatygen is not involved. Hydrogen, for 
ihstafl^ce, will burn in chlorine, and so will 
m^ny other dements ; and, as wcV should expect, 
Dortnin elements furnish instances of combustion 
with sulphur, which, in this respect again, thus 
resembles oxygen. The second instance we 
have already seen illustrated when wo dealt 
with the preparation of elements. For when 
ive tv^ an element out of one of its compounds, 
% which we saw to bo one of the recog- 

nised methods, we form a new compound. For 
instance, when sodium turns hydrogen out of 
s^ium hydroxide (NaOH) is formed. 

Compounds are also formed when other com- 
[pounds are heated ; when, for instance, we heat 
^Iciumv^ carbonate, which is a double com- 
^und, we^get two simpler compounds, carbonic 
and quicklime (CaO). Double 
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decomposition is the la.st method wo need note, 
and a very important one. The name prac- 
tically explains itself, and implies the change 
which occurs whim two compounds exchange 
partnei’s, so to speak. It is of use when one of 
the new substances produced is spontaneously 
separable from the other, eitliiT because it is 
volatile, and so passes olf, or Ix^eauso it is in- 
soluble, and Uiiis separates in solid form, or 
is precipitated, to use the technical term. 
An excellent instance is furnished by the changq 
which occurs when solutions of common salt 
and silver nilrate are mixed with one another. 
'Phis is also of interest in explaining the fact 
that common salt, in virtue of this change, 
is the lM‘st antidote when silver nitrate has been 
swallowed. The formula of silver nitrate is 
AgNO.j, and we may regard th(3 compound as 
consisting of two parts, one the metal and the 
other the group of atoms, NO.... When this 
interatds with common salt, the formula of 
which is Nad, partners are exchanged, the 
NO..J group going with the sodium, and the 
chlorine with the silver. The chloridi^ of silver 
formed is insoluble, and can bi^ separated. 
Being insoluble when formed in the stomach 
by the administration of sodium chloride in a 
case of silver nitrate poisoning, it is harmless. 
The following equation represents the double 
decomposition: 

AgNO;. -I- NaCl - NaN().j + AgCl. 

(Silver nitrate plus sodium chloride equals 
sodium nitrate plus silver chloride, insoluble.) 

Wo may now consider some important com- 
pounds which demand separate treatment, and 
of these the first is the most imi>ortant com- 
pound of all, water. 

Water. This covers much more than half 
of the earth’s surface, is cont lined in greater 
or less degree on what we call the dry land, 
occurs as ice and snow in many parts, is always 
present in greater or li^ss quantity in the at- 
mosphere fsei^ Physics], and in its liquid form 
is an essential constituent of all living things. 
Chemically considered, even an Aristotle or a 
8hakespearc is about four- fifths water, a^fact 
which is of interest to the chemist, but also of 
interest as showing how ridiculously inade- 
quate, from the j)oint of view of the psychologist 
and the iJhilow>pher, is tlm merely materialistic 
estimate of man. 

We have also seen that water occurs in abun- 
dance in a loss obvious form as water of 
crystallisation in many crystals. 

This compound may bo prepared, as we have 
already seen, by the direct union of oxygen and 
hydrogen, and by others of the methods of 
preparing eompound.s rnentiono/d above. Most ^ 
of the remarkable j)hysical characters of water 
have had to be discussed in the course on 
Physics — such, for instance, as its freezing and 
boiling point, its remarkable specific heat, its 

} )eculiar behaviour in relation to its density at 
ow temperatures, its latent heat, and its role 
in the atmosphere. 

For the chemist, water is the almost universal 
solyent. There are very few substance.^ indeed 
— solids, liquids and gas^ alike— of which a 

1597 



tiny proportion at least is not soluble in water, 
the rule Mng that solids are more soluble in 
hot than in cold water. The nature of hard 
and soH water was discussed under “Calcium** 
[page 844 ]. We saw in our first section that 
tne discovery of the compound nature of 
water, rcgarcied as an element since the days 
of the Greeks — since the dawn of thought- 
stands to the credit of Henry Cavendish, who 
made this most important discovery in 1781 . 

Hydrochloric Acid. This very im- 
portant acid, to which we have made incidental 
references, m?iy be compared with water, in 
that it is a compound of hydrogen with another 
element. Its formula is HCl, only one atom of 
hydrogen being noces.sary for one atom of 
chlorine, each of these elements being one- 
handed or monovalent. Wo are very apt to 
think of hydrochloric acid as a liquid, but it 
is really a ^s somewhat heavier than air, and 
is ofb&n looked on as a liquid because it is 
extremely soluble in water, which .is able to 
dissolve seven hundred times its own volume 
of this gas. An older name for hydro(;hlorio 
acid, still quite frequently seen, is muriatic 
acid. The gas is occasionally found in nature 
near volcanoes, but this source is of no practical 
importance. It may be prepared in many ways — 
such, for instance, as the direct union of gaseous 
hydrogen and chlorine, or by the action of 
sulphuric acid on common salt. This is an 
instance of double decomposition. The follow 
ing is the equation that represents it : 

NaCl 4 * H..SO4 = NaHS04 4 - HCI, 
the hydrochloric acid being given off as a gas, 
and tno acid salt called acid sodium sulphate or 
hydrogen sodium sulphate (NaHS04) being 
formed. We may make a mental comparison 
between the formula of this salt and that of what 
we may call normal sodium sulphate (Na^.SO., ). 
The acid salt is so called because, os the reader 
will see, only one of the hydrogen atoms of the 
sulphuric acid has been replaced by sodium in 
the molecule of the acid salt. 

Hydrochloric acid, in the form of its solution 
in w;iater, is a very powerfully acid and corrosive 
liquid, having the typical properties of an acid. 
It is largely made as a preliminary to the 
making of sodium carbonate or washing soda. 
Tho acid is a powerful antiseptic, but is used for 
this purpose oUly within the human stomach. 
It is an extremely remarkable fact that this 
potent acid may be regarded os one of the 
natural antiseptics of the body, which produces 
it for itself, as wo shall now see. 

Hydrochloric Acid in the Stomach. 
Hydrochloric acid is a constant and necessary 
constituent of the juice of the stomach, in 
which it plays two very important parts. The 
first, which is generally recognised, is to aid 
} 1 k the digestion of the most important kinds 
of food stuffs, which are called proteids. The 
second, the importance of which i.s only now 
beginning to be appreciated, is to act as an 
antiseptic. It has been shown that there are 
many kinds of diseases, the microbes of which 
cannot survive in g^trlc juice, and which can 
attack US only by entering the body elsewhere, 

im / 


as through the lungs, or passing thtough a 
stomach which is out of order. 

But these are matters hardly of chemistry. 
The really amazing fact for the chemist is the 
mode of production of this acid by the wall of 
the stomach. Its source, as in^the ordinary 
commercial process, is so^um chloride (NaOl). 
This is one of the firmest and most stable com- 
pounds that we know. In order to decompose 
it and form hydrochloric acid the manufacturer 
finds it necessary, in the first place, to employ 
the most powerful of all known acids — sulphurio 
acid — and in the second place to use great heat, 
so as to permit of the decomposition. 

Chemical Power of Living Cells* 
But in the human body there is no sulphurio 
acid, nor is there anything like the heat which 
the manufacturer employs, yet such is thepptoncy 
of the living cells in certain of the glands 
in the wall of the stomach that, in some way 
which we have not yet begun to understand, 
they are able to decompose this firm compound, 
sodium chloride, without the use of any potent 
acid and at the more t^emperature of the blood. 
This decomposition scorns to the writer to bo, 
perliaps, the most amazing of all proofs of the 
chemical power of the living cell. The proof 
of this power that la most often quoted is the 
remarkable decomposition of carbonic acid 
(CO^) in the atmosphere by means of the living 
cells of the green leaf — a decomposition which 
was referred to when we were discussing the 
future of the atmosphere and the role of carbonic 
acid in it. The necessary agent in this decom- 
position is the green matter found in the cells 
of the leaf, which is called chlorophyll. Now, 
carbonic acid is a compound even firmer than 
sodium chloride, and the temperature at which 
the leaf decomposes it is far lower than that of 
the blood. Ilenci) it would appear as if this 
decomposition were more remarkable than the 
formation of liydrochloric acid in the stomach. 
It looks as if the chlorophyll of the leaf were 
to be regarded as a sort of ferment — one of those 
extraordinary substances which have the power 
of producing chemical change, though themselves 
remaining unchanged. But Sir James Dewar, 
in conversation with the writer, observed that 
this is not the way in which we should look 
upon chlorophyll ; rather should we regard it 
as a moans of condensing or, to use an excellent 
metaphor, focussing the sunlight which — afid not 
tlie chlorophyll — is the essential factor in the 
process. 

The Energy of Sunlight, The energy 
by which this firm compound, carbonic acid, is 
decomposed is thus the tremendous energy of 
sunlight, suitably utilised, adapted, condensed 
(whatever word we may use to veil our ignorance) 
by means of the chlorophyll of the living bell. In 
the case of the decomposition of the sodium 
chloride in the cells of the stomach, however, 
sunlight is neither available nor necessary.- The 
work is effected, not by the transformation or 
utilisation of the solar energy, but by means 
of the mysterious energies which ate proper to 
the living cell itself. Therefore we think that 
this decomposition, with its ease, its lower 
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temperature^ and the absence of any visible 
decomposing agent such as sulphuric acid, as 
oompaved with the melUiB which the manu- 
facturer has to employ, may be regarded os 
perhaps the most signal instance of the posses- 
sion of such powers by the living cell. 

Ammonia. Here, again, as in the case of 
water and hydrochloric acid, is a simple com- 
pound of hydrogen with another clement, in tint; 
case nitrogen, the formula of ammonia being 
NH^, as was mentioned when we discussed 
nitrogen. In the cas j of water the hydrogen was 
combined with a two-handed elcmi nt, so that, 
itself being one-handed, two of its atoms were 
required in order to unite with one of oxygon ; in 
the case of hydrochloric acid the united element 
was also one-handed, and in the case of ammonia 
we find that the united element is to be regarded 
as three-handed, or trivalent. This substance, 
like the last, is a gas at ordinary temperatures, 
colourless, but by no means odourless. Its 
effects upon the nose, however, are not confined 
to the stimulation of the sensii of smell. Its 
pungency should be distinguished as composed 
of two parts, one consisting of its irritation of 
the ordinary sensory nerves of the nose— as of 
any part of the body to which it gains access — 
and the other consisting of a true stimulation 
of the nerves of smell. The gas is lighter than 
air, and is even more soluble in water than is 
hydrochloric acid. The solution, which is often 
loosely called ammonia, indeed contains as 
much ammonia as in equivalent in volume to 
about eight hundred timers the volume of the 
water in which it is dissolved, the exact pro- 
portion varying with the temperature [see 
Physics]. The solution has all the charaettu’- 
intics of an alkali, and, indeed, ammonia is 
commonly called the volatile alkali, since, 
being essentially a gas, and therefore volatile, 
it is contrasted in this n spect with soda, potash, 
and lime, whieli aro called fixed alkalies. We 
have, indeed, good reason to assume that, when 
ammonia gas is dissolved in water, something 
rather more than mere solution occurs. There 
is doubtless some sort of corabinn,tion l)ctween 
the ammonia and the watei — certainly a v^ery 
unstable combination, but still more than a 
mere solution ; and we majr conveniently 
represent what happens by adding together the 
formula of ammonia and the formula of water, 

NH;, -NHfOH. 

Ammonium. When we look at the formula 
,of this supposed substance, writing it in the 
\fadhion seen, and not in the most obvious way, 
which would be NH^O, there is suggested to us 
a j^raUelism between this and the formula of 
^ 9 oda, or lime, or potash. The latter, for instance, 
ris KOH, and the K corresponds to the NH 4 . 
^Nqw this NH 1 , seems to be such an independent 
. reality that it has been given the special name 
of ammonium, and must probably be regarded 
;a metal. The reader will ackwer that it is 
to talk about a compound of two gases 
Why, it is not even an element! ” 
.he, ihay say; but, then, all opr ideas of 
have undergone a change, and if the 


existence of the compound metal ammonium was 
probable ten years ago, it is still more probable 
to-day. In theory its existence is extremely 
probable, and the parallelism between its com- 
pounds and those of the other metals is most 
marked. I’hero is, undeed, a small amount of 
evide nce in favour of the view that the transient 
existence of ammonium in its metallic form has 
been expi?rimentally demonatratt».d. 

What we must probably regard as an ammo- 
nium amalgam — that is to say, a probable 
combination of the metal ammonium and the 
metal mercury — is a butter-like metallic mass 
Avhieh is produced when sodium amalgam (a 
whiio substance innde by mixing sodium and 
mercury) acts on a strong solution of ammonium* 
chloride (NK,C1) [compare KCl]. This amal- 
gam, however, is, as might be expected, very 
unstable, doubtless owing to the instability of 
tlu 5 supposed ammonium, and quickly decom- 
poses into mercury, ammonia, anddiydrogen. 

It may possibly be a combination of low 
temperature and high pressure, at which 
ammonium is stable ; and the fact of its decom- 
position by no means excludes the possibility of 
its existence as a true metal, since wc now have 
definite proof of the decomposition of various 
metals, such as uranium, radium, and most 
probably silver, if not yet gold. 

(laseous ammonia forms a colourless liquid at 
a temperature of about - 33^ C., and freezes at 
-75" C. 

Sources and Preparation of 
Ammonia. Small quantities of ammonia 
occur in the air, whence some of the compound 
is carried by ruin into the soil and rivers. The 
occurrence of ammonia in the soil is of the 
utmost importance in relation to plants. As 
wc saw when discussing nitrogen, this element 
is a constituent of protoplasm, the physical 
basis of life ; and the plant has to obtain it 
from the soil. The form in which the plant 
obtains its nitrogen is mainly in the compounds 
— salts of niti ic acid— which are called nitrates. 
Now it lias been discovered that the ground 
contains a particular kind of microbe or 
bacteria [see Bacikkiolooy] w^hich play an 
all-important part in this connection, and which 
arc thus to be regarded, humble though they 
be, as a necessary link in the chain of evento 
upon which human life itself depends. For it 
is from plants that all animals derive their , 
necessary nitrogen. These organisms take the 
ammonia of the soil, and with the aid of oxygon, 
which is abundantly present in its elemental 
form in the soil air, and also in combination, 
they convert it into nitric acid (HNO;j). This 
typical acid reacts with the typical alkali, lime, 
which occurs in the soil, and forms calcium 
nitrate, in which form the plant thus obtains 
its nitrogen. 

Ammonia from Decomposition. 

Ammonia is also formed by the dccom]^sition 
of animal and vegetable matter. Certain salts 
of ammonium may be obtained in a similar 
fashion. Amongst these is sal-ammoniac — th©^ 
old name for ammonium chloride — and also the 
carbonate of ammonium (NH., which is 
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usually known as smelling-salts or spirits of 
hartshorn, a name which hints that it may be 
obtained by distilling the horns of stags. 

In addition to these more or less natural 
sources, ammonia may be obtained by the direct 
union of hydrogen and nityogon, provided that 
one or other or both be in the nas'iit nt state, 
which we fully explained in an earlier section. 
But the most common method of preparing 
ammonia is by double decomposition — sal- 
ammoniac being heated with quicklime, with 
the formation of calcium chloride, which is 
highly soluble in water, whilst ammonia gas 
-ist liberated, and, being lighter than air, may be 
coliected by an inverted v<%ssel placed above it. 
" The following equation represents the reaction : 

2NHtCl -I CaO - CaCl.. 4 - H.O + 2NH;i. 

Ammonia and the Alkaloids* 
Ammonia has extremely marked and important 
reactions in relation to living matter, upon all 
forms of vrtiich it acts as an irritant and a 
poison. Properly administered it is a stimulant, 
as everyone who has used smelling-salts knows. 
It is the most powerful and rapid of all known 
stimulants of the heart and lungs, whose 
functions are the most important for life, and 
it is, therefore, of superlative value in emergen- 
cies, especially as its physical form enables the 
patient to breathe it and tlius. to obtain its 
action even more quickly than in the case of a 
liquid stimulant injected under the skin. The 
l)eliaviour and structure of ammonia are also 
of great interest in the more obscure regions of 
chemistry, because of the t'xistence of a very 
la^e and important class of substances called 
almloufs. Tiiese arc mainly produced by 
plants, and include such extremely potent 
drugs as morpliia and strychnine. They arc 
called alkaloids in order to indicate their 
resemblance to alkaliis. (Tlie determination 
“oid,”Ro often seen in .scieiititic and philosophi- 
j cal language, is Greek, and implies likeniiss. In 
■ this, and in every other cas(j, it 8ugg(\sts that 
the substance in question is not exactly the 
same as the other, but strongly resembles it.) 
Now there is good re*ason to l)eliove that it is 
the presence of ammonia in the molecule of 
these alkalies upon which their alkaline jjro- 
perties depend. Thus avc are not at all surpris *d 
to learn that all alkaloids contain nitrogen and 
hydrogen. 

Marsh-Gas. At this point wc might proceed 
to discuss another simple compound of hydrogen 
with another element, in this ease the four- 
handed element carbon. This compound is known 
as mcthane,y ov marsh-gas^ and has the formula CH^ , 
but it is probably better discussed later, since 
its properties serve as an admirable introduction 
to the study of a very large number of compounds 
in organic chemistry or the “chemistry of the 
darbon compounds.” 

In dealing with the most important elements 
with their properties in sequence, and in there- 
after returning to the consideration of their 
important compounds, w'e have adopted a plan, 
pf which one of the advantages is this, that the 
student can scarcely be successful in his study 
of opXQpouuds unless he has already learnt the 
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main facts of the elements of which they are 
compounds. This necessity would hot obtain if 
we took up each clmhent and its compounds 
together. 

Compounds of the Halogens. In 

proceeding, then, we assume that the reader is 
already familiar with, at any rate, the out- 
standing facts of the elements, and the first 
group of compounds to which we Bhall*refer are 
tho.se of the halogens, which were discussed in 
their turn in a recent section. The acids which 
correspond to hydrochloric acid are much less 
important, and need not further bo discussed, or 
even named. But there is one pre-eminent 
compound which demands careful treatment. 

Common Salt. We are already familiar 
with the technical name of common salt, which 
is sedium chloride (NaCI). Tt is an extremely 
abundant compound, constituting from 3 to 
5 or 0 i>er cent, of sea- water, a much higher per- 
centage of the waters of certain salt lakes, such 
as Salt Lake in America, the (^ispian, and the 
Dead Sea, and also occurring in immense deposits 
in various parts of the world, whereat indicates 
the past existence of salt lakes which have dried 
up. When it is obtained by the present evapora- 
tion of sea-water it is oft/ ii called fjf/g salt, whilst 
the dtqjosits depending upon past evaporation are 
called r(tck salt, 1 1 may be mined, or the deposits 
may be flooded and pumped up as brine, which 
is then evaporated, or (as still, in many parts of 
the world) it may be obtainc'd by the evaporation 
of sea-water. It forms cubical crystals w^hich 
melt at a high t(‘inpci ature, and is readily soluble 
in w'atcr, being more soluble in hot w'ater than 
in cold. Its artificial composition is thus super- 
fluous, but it might bo obtained by burning 
sodium in chlorine gas, or l)y the action of hydro- 
chloric acid on sodium or on eaustic soda or on 
sodium carbonate. 

Salt and Life. »^alt, being a necessary 
article of food, has played a part in many cere- 
monies of many ancient ])eoples, and has very 
fr(*qu(‘ntly been taxed. We tax it in India to- 
day to some extent ; but it should Ix^ recognised 
that a tax on salt is a tax on food, and in hot 
countries, such as India, where salt, wdiich has 
mild antiseptic properties, is extremely neces- 
sary, not only for itself, but as a means of pre- 
.serving fish and other food, the propriety of a 
salt tax is, to say the least of it, dubious. 
Recently, the great surgeon Mr. Jonathan 
Ifutchinson, who believes th|>t in India and 
elsewhere leprosy is caused by the eating of, 
putrid fish, succ^eeded in persuading I.iord George 
Hamilton to reduce the salt tax ; but whether, 
or not Mr.’ Hut chin son is right, any Government 
w'hich draws a revenue from this substance — we 
are by no means the only offenders — is open to 
Vfity grave criticism. 

Salt and Food. The proportion of salt / 
that occurs in different foods varies widely^ .In 
general, salt has to be added to the diet of the 
vegetarian, maft or animal, while the meat eater 
obtains enough in the muscular tissue which^J^ 
consumes. The imperative necessity of salt ior 
life is illustrated by the extraordinary account 
of. the wild flights of herbivorous animals in 
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America, long deprived of an adequacy of salt, 
towards salt-licks, pr pl9.ceH where they can 
satisfy themselves by licking deposits of sodium 
(diloride. 

The saltness of the sea is a fact of the utmost 
interest in relation to the history of tiie earth. 
If we discuss all the salts of the sea in general, we 
find that they are carried down to it by rivers and 
Streams, which dissolve them from the soil and 
land through which they pass. As the sea- 
water evaporates, the salts are left behind, and 
thus they accumulate — the sea is becoming 
salter every day. This fact has lately been 
utilised, not without success — that is to say, 
agreement with results obtaincul by other 
methods — in an attempt to estimate the age of 
the earth’s crust from the present saltness of the 
sea and the probable rate at wliich addition is 
being made to its saltness. 

Carbon and Chlorine. Another halide 
which is of great interest on theoretical 
grounds — though it is of no practical inifxirtance 
— is called carbon tetrachloride, and has the 
formula CCI4. Its interest depends upon its 
relation to methane or marsh-gas (CH^ ), already 
mentioned. For if this be exposed to the action 
of chlorine, atoms of this gas successively replace 
atoms of hydrogen, hydrochloric acid being 
meanwdiilc formed. The substances which are 
produced have the formulas (starting from 
marsh-gas CHJ, CFI.Cl, CH.CL, CHCl„ 
ending with carbon tetrachloride OCl,. The 
bqfiy produced when three atoms of hydrogen 
have been replaced is chloroform. As we might 
expect, remembering their chemical resemblance, 


its two predecessors have similar properties, and 
are occasionally used in surgery. Carbon tetra- 
chloride also has antiseptic properties, but it is 
not of practical use. 

The Halides of the Nitrogen Group. 

The nitrogen group, consisting of nitrogen, 
phosphorus, etc., fonns a series of com- 
pounds with the halides, but these are not of 
great im|>ortanco. The best known are the tri- 
chlorides, such as nitrogen chloride (NCI;.), 
phosphorus chloride (PCI..), etc., whilst phos- 
phorus and antimony also form what ai’e called 
pen tachlorides, such asPCl-, phosphorous penta- 
cldoride, in which tlio phosphorus is, so to 
s|)eak, five-handed. 

Final Note on Halides. The other 
halides that are of sufficient importance have 
been dealt with already. It is well to remember 
a general rule wliich the halogens follow in re- 
placing one another in their compounds. In 
the ease of the salts of sodium and potassium, at 
any rate, chlorine will turn out bromine and 
iodine, and bromine will turn out iodine. 

It is also well to remember the names of the 
insoluble or practically insoluble chlorides, 
b(5cause the fact of their insolubility takes us 
a long way in identifying the base which goes 
to compose any unknown salt in solution, the 
nature of which it is desired to ascertain. Sup- 
posing that an unkno\\’n solution of a salt lie 
handed to us, the addition of hydrochloric acid 
will, in the large majority of cases, cause the 
formation of a chloride, fxnd if the metal be silver, 
lead, mer(*ury, or eoppen', this will be preeijn- 
tated, since the chlorides of silver and lead and 
mereui’ous and cuprous chloride arc insohible. 


Continued 
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I^ERE we roach the third of the great excretory 
organs of the body (in addition to the bowels), 
which are the lungs, the skin, andlthe kidneys. 
The lungs specially excrete the gas CO^ ; the 
skin, the liquid, water ; and the kidneys (in 
ad^tion to (he water), the solid, urea. These 
are all true excretions, and the three organs are, 
therefore, 8p€*eially associated together, as three 
men might be, labouring at one piece of work. 
If any one of the three is partially or wholly 
disabled it throws more work upon the other 
two. In consumption, for instance, if a large 
part of the lung is destroyed, the skin and 
kidneys have to do the work. With a dirty 
skin more work is thrown on the lungs and 
kidneys, while in diseased kidneys the skin has 
to be very active. 

The Kidneys. The kidneys are two bodies 
shaped like beans situated at the inner side of 
the lower ribs, close beside the spine [74], the 
right being the lowci of the two. Each one is 
4 in. long, 2^ in. broad and 1 in. thick, and 
weighs 4^ ozs. 

From each kidney a tube like a small india- 
rubber pipe, called a ureter, from 12 to 16 in. 
long, leads down to the bladder, which is a 
single central organ like a bag, containing 
the excretion of the kidneys, called 
urine. Prom this bladder a short tube 
called the urethra onabtes the urine to 
be excreted. The construction of the 
kidneys is as follows ; Each is covered 
with a fibrous skin called a capsule. 

Inside this the substance of the kidney 
divides itself into three— the outer 
part, or cortex, which is deep red ; the 
medullanf, which is paler; and the 
innermost hollow part, called the pelvis. 

The first is one-third of the thickness 
of the kidney, the second one-half [76]. 

Their Structure. The principal 
structures in the cortex are the Mal- 
pighian corpuscles. The kidney itself is 
a compound tubular gland, and tho 
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number of corpuscles whence it is obtained 
from the blood are about half a million in each 
kidney. 

Each urinary tubule actually begins inu the 
cortex bv a deep cup-shaped expansion dr 
capsule that embraces a little tuft of capillary 
blood-vessels like a raspberry, the whole being 
in. in diameter [76]. 

Their 'Blood Supply. The blood supply 
of the kidney is peculiar. It arrives by the 
renarartcry direct from the aorta ; the arteries 
form regular arches at tho junction of tho 
cortical and medullary portions in the sub- 
stance of tlic kidney. From these arches 
branches ascend into the cortex of the kidney, 
having at each side those expanded tufts of 
blood-vessels which form the Malpighian 
corpusules The artery suddenly breaks up 
into this cluster of capillaries, and seems to have 
pushed before it the dilated end of the urinary 
tubule, so that two layers of it become wrapped 
round the blood-vessels, leaving just room for 
tho two vessels that form the stalk. 

Here, then, the water of the blood that forms 
the liquid part of the urine is strained off affct 
the manner of a filter. 

The Work of the Kidneys. There 
still, however, remain in the blood 
tho urea and other waste products 
which are not to any extent got rid 
of in tho lungs. The blood, purified 
there of its carbonic acid gas, comes 
straight to the kidney after leaving the 
heart, and having first lost its super- 
fluous water, has urea and other sub-- 
stances extracted from it in another 
part of the urinary tubules. It must 
be remembered that the tubule, origi- 
nating in the Malpighian corpuoles, 
pursues a very devious course, during 
which it is closelv surrounded by bloods 
vessels, from which it is believed, by 
the vital action of the urinary eells^ the 
various substanoes are extracted [771 
The blood, thus purified of all 


, . , , , . , and bladder 

meauUary partis almost exclusively Urrtfrs * 

composed of tubes. These ascend into ?. Tht* abdominal aorta remaining impurities, returns by the 
the cortex at intervals and terminate teries ***^*'*^^ veins to tho inferior vena cava; 
in dilated extremities called Malpighian 4. inferior vena cava and differs totally from aho^eqr venod^ ^ 
corpuscles ; or, rather, the tubes may Bladder e. Kidneys blood in being bright red and actually ' 

be said to stait here, and after th^ pureM blood in the It omstr 


pursuing a very devious course for some 2 in., 
terminate and discharge their contents from tiny 
orifloeo in each of the 12 pyramids which project 
from the medullary part into the pelvis, where 
all the urine thus discharged coUeots and 
eventually leavea the kidney from the hiiusn 
by the t^et^ ^ There arsr 60 to 40 orlfioes 
In eaojy^ibtnid that discharge nrliie, and the 


be remembered one artery carries vehous blodd^ ' 
the Dulmonary^ and two veins carry art^ial ' 
blooo, the pulmonary and the renal • - 
All the tubules uniting 

into the pelvis of the kidney, and^ fiuio is ^ 
called urine. ' , ^ ^ * 

It is Rv transparent, acid* amliMilr ffhid and if ^ 
heaver thtm wbier, its sp. bethg b}N>ut 102^/- 





Haa compared with 1000. About three pints 
ar^roduced each day. 

The following is its chemical composition : 

Pftr Daily 
C^eiit. Amount 
Water . , 95'5 . . 62 oz. 

Urea , . 2*4 . . 600 grs. 

Uric Acid 10.. 36 „ 

Salts . . ' ‘9 , . 400 „ 

Extractives *2 . . 153 „ 


100*0 

The colour varies 
through every shade 
of 3 rellow and orange. 
It is only brown or 
black in aisoase. 

The urine is acid in 
health and becomes 
more so when acids 
are taken, also after 
prolonged exertion or 
consumption of much 
animal food. 

It becomes less 
acid or alkaline 
when alkalies are 
present, after taking 
much vegetable food, 
or long standing after 
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SECTION THUOUOH LEFT 
KIDNEY 

1. Sinus 2. Papi]lri3 oitenint; 
into tli<* caliecs 

3. Pyramids of Malpiffhl 

4. ('orti(ial flulistaiiiX! 

6. (*a]wulc 6. PflviH 7. Ureter 

after sweating profusely, 
it is passed. 


Weight and Quantity. Its weight com- 
pared with w^ater varies considerably; much 
drinking may temporarily lower it to KK)2, 
W’Jiile taking no fluid, and profuse perspiration, 
may raise it to 1040. Some diseases increase 
and others low'cr its specific gravity. If the 
last twTo figures of the specific gravity be doubled 
it gives the amount of solids in 1,000 parts. If 
the sp. gr. of urine be 10*25, then 25 x 2 gives 50 
parts solids in 1,000. 

The quantity of urine varies greatly, ft is 
decreased by sweating, by eating dry food, by 
bleeding, and by disease. It is increased by 
cold, by dry skin, by the use of drugs, by sugar 
in the urine, and by nervous excitability. 

Urea is the principal constituent of the 
urine, and represents the nitrogenous refuse of 
the body. It forms half of all the solids in the 
urine. It is a compound of water, carbonic 
acid, and nitrogen. Asa rule, 500 grains a day 
are passed, and the amount of nitrogen passed 
is in proportion to the amount taken in the food. 
It is not increased by muscular exercise, as 
. was formerly supposed, nor by the amount of 
wine, but by animal food and w^asting diseases. 

; Urea forms blood and .v^oth 

- part of the lymph, showing how^ much ira purer 
* latter fluid is of the two. 

Uric acid is a similar nitrogenous product, 
but differs in one most important particular ; 
for w*hUe urea is soluble and thus gives no trouble 
in the system, uric acid is insoluble, and is the 
; ;; source of many bodily ailments, notably gout. 

. / In the urine it appears as a brick-red pow der. 

, It is |>robable that urea and uric acid are not 
, formed in the kidney as bile is formed in tho 
, liver, but in the blood, and are only 'eliminated by 
the kidneys. If the supply of bile from the liver 
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be stopped, none is made ; but if the kidneys 
do not act, an increased amount of urea is found 
in the blood. The secretion of urea and the 
amount of sweat are in inverse proportion, 
showing the close connection between the kidneys 
and the skin. A child excretes, in proportion 
to its weight, tw ice as much urea as an adult. 

Tlie ureter, about 15 in. long, is a strong 
tube of four coats, one muscular ; it conveys 
the urine to the bladder by peristalsis, or 
eireular eontraetion of the musch^s, by gravity, 
and by the via a ter go, or pressure from behind. 
It enters the bladder l)V a valve through which 
the urine trickles drop by drop. Tho bladder 
has also four coats and many elastic fibres, 
which keep it in a state of moderate con- 
traction. It holds about n pint, and can be 
emptied at will. 

THE LOCOMOTIVE MECHANISM 

In considering the locomotive system we 
have to examine first its structure, and then 
its function. 

It is compo.sed of bones, joints, and muscles, 
and while describing tho.se with sufficient fulness 
to be clearly understood, all needless details will 
be omitted, and technical i ties avoided. 

The Bones. Wo begin 
with the bones, concerning 
which a few* words have 
already been said in an earlier 
cliapter in speaking of the 
body as a whole, and wc shall 
not, therefore, here repeat 
details of the information. 

Bones arc the framework 
of the body. 'Phey support 
the soft parts and jn’otect the 
vjii'ious organ.s. Here are 
show^n the skeletons, for com- 
parist/n, of man and tho highest 
anthropoid ape — the differ- 
ences arc apparent [78, 79]. 

The organs of most im|K)r- 
lunce are well guarded from 
injury, such as the brain by 
the skifll, the spinal cord by the spinet the eyes 
by the orbit t the heart and htngs by tho chest-wall. 

We have pointed out that thtjro are about 200 
bones in tho adult body, which may be divided 
into six parts — head, trunk, and four limbs — 
thus giving a little over 30 bones to each part. 
Wc will look at them in detail. [See also 
page 1348.1 

The head and neck contain 30 bones. The 
head, or skull, contains 22, of which eight mako up 

the cra- 
nium, or 
skull pro- 
per— the 
part that 
contains 

77. KIDNEY TUBULES the brain 

WIuTO urea is extracted (soctions) _ n n il 
1. Part 8t?cretlnK urea 2. Otlier part of tubule . ‘ ‘ '•* 

fourteen 

the face. Only one of these 22 can move, and 
that is the lower jaw -bone, which is seldom still. 

Bones of the Cranium. 3'ho eight 
bones that make up tho cranium are only 

1003 
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OOllPfJSULK 
Where Uie water o» 
the urine Ik st rained 
off 

1. Urinary tubule 

2. Artery 3. Vein 
4. ('a]»ilIarieH. 

6, Expansion f*f 
tubule Hqueezina 
capillarieK 
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\tk the young ohtlii*e heed, where* thdr 
earn look closely together with teeth* like s. saw** 
^ Bv degrees, the bones grow together, so that 
in tM adult they cannot be soi^rated any more ; 
only the lines where they are joined can still be 
seen; they are called sutures, because they look 
just as if the bones were sewn together. The 
^reason they are separate at first is to allow tho 
brain to grow to its full size, and they then unite 
together to protect it more thoroughly. 

The eight hones are os follows [80J : 

One frontal bone, which forms the forohead. 

Two parietal bones, ^\hic•h form the vault. 


w h i c li 
sides, 
forms the 
and one 


Two temporal bones, 
form the temples, at the 
One occipital, which 
back. One sphenoid, 
ethmoid, which form the 
base of tho skull 
and the back of the 
face. 

The frontal bone, 
so called because it 
is in front, is the 
shape of a 
large cockle 
or escallop 
shell, and 
forms tho 
front of the 
head and the 
top of the 
orbits. It is the only 
bone in tho head that 
contains air, in the 
two cells that form the 
elevations over tho 
eyebrows. Tn the 
elephant these two 
air-cells arc enonnous, 
and givfi him suoh 
big bumps on tho 
forehead. 

The parietal bones 

(Latin pan^, a wall) , “t"' 

form a great part of 3^ sacrum 4- HIbs 6. sternum 
the dome of the head. tf. (’la vide 7. scapula 

The temnoral bones Humerus 9. Rad iua lO.Ulna 

xne wmporai oones ^ Mctacarpun 

are so called because 13. phalanges *14. Pelvis 

they form the temples. i?-,?®*®****IJ*^y* 

18. Fibula U. Tarsus 20. Meta- 
Temple comes from tarsus 21. Pbalannos 
I.iatin iempus, time or 

age, and is so named because the hair first 
turns grey there in old age 
The occipital bone is so named from Latin 
occiput, the back part of the head. Tliis bone 
connects the rest of the cranium with the top of 
the backbone, or spine, and has a large hole in the 
bottom of it jbhrough which the spinal cord (or 
- marrow) passes out of the brain. 

Tho sphenoid, or wedge bone, forms the front 
of the floor of the cranium, and is in shape Uke 
» o bird. 

ethmoid, or sieve bone, is placed below 
the frontal bone at the back of the face. It is 
.colled a stave because it is pierced with many 
stniA td' alJdw the nerves of smell to 



Boiloo of tlio Jfacey 1^ the kre U 
bones^ aU in pairs, (right tw^ 

They are: ' ^ 

Two superior maxillary, or upper jawhonas..- 

Two palatal bones (in the mouth). 

Two malar, or cheek bones. 

Two iia.<ial, or nose bones. 

Two lachrymal, or teftr bones. , 

T(\o turbinated, or nostril bones. 

One vomer, or partition between the nostrils. 

One inferior maxillary, or lower jawbone^ the 
only one that moves. 

The superior maxillary bones are so called 
from Lati n maxilla, a j aw. In them the upper teeth 
are set. They form the front of the roof of th6 
mouth or hard palate, and the sides of the nose. 

The palate forms tho back of the roof of the 
mouth. 

Tho malar bones (Latin mala, 
cheek) a re the cheek bones, and 
form the hard ridge 
under the cheek, and 
also the lower part of 
tho orbits, in which 
tho eyes are set. 

Tho nasal bones 
(Latin namts, nose) 
form the bridge of the 
nose. 

The lachrymal bones 
(from Latin lackrijma, 
a tear) conduct the 
tears from the eyes 
into the upper part 
of the nose. 

^riie turbinated bones 
(from T.atin turbo, a 
scroll) are rolled round 
in tho sha}>c of a scroll 
of paper, and form tho 
inside of the nose, and 
the organ of smell. 

Tho A^oraer (from 
Latin vomet', a plough- 
share) helps to form 
tho bridge of the nose. 
In the inferior 
maxillary bones are fixed all the lower teeth. 

Thickness of the Skull. The cranium 
varies greatly in thickness in different parts. 
Whore it is most exposed to injury, as on 
tho top and forohe^, it is thickest) the 
bone being often i in. ; whereas, in the temple, 
just in front of tho ear, it is not thicker 
than paper in one part. The special i^trueiurit 
of these flat bones of the cranium serves td 
protect the brain from shook. They armada 
of two flat plates, with a network 
bono between. This arrangement Invents 
tho shock of blows on the head (if n6t,t^ 
violent) from reaching the brain. This -you COU; 
prove by putting two flat pieces pf i»x>od (ott« 
^on the other) in tho hand ; if you strike ^ 
upper piece, you can feel tbp shook in ypur hauA. 
Kit if you now put a piece of soflf flanu^ oT felt 
between the two~-Uke tho spongy 'tfssu^ betwUimi 
the bony platesr-nind strike th^ Upper wood, you 
M nothing; because the vibi^^lloia ^^stopp^; * 
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For cojni>an8oii with human 
sk.'lctou 
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The vaulted sha^ of the cranium givea it also 
' great fitrength. No parte of the lx)dyare pro- 
' teoted 60 carefully as the brain and spinal 
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I. Fnmtal bone 2. Parietal 

bone 3. Occipital bone 
4. Hplienold bone 6. Tem- 
poral bone 6. Styloid 
process 7. Malar bone 
8. Superior Maxilla 9. Nasal 
bone 10. .Lacliry mal bone 

I I . Inferior Maxilla 

12. Incisors 13.(?anlnetct‘tb 
14. iiicuspids 15. Molars 


Bones of the Neck. In the neck there 
:are eight bones, of 
which seven form the 
upper part of the 
spine or backbone, 
and the eighth is a 
bone in the throat, 
which can bo felt 
beneath the lower 
jaw. It is the hyoid 
bone, or bone like 
.a “ U,’* because it 
is just the shape of 
one, with the round 
part forward. Tt 
supports the upper 
part of the windpipe. 

Bones of the 
Trunk. In the 
trunk there are 30 
bones, if the ribs are 
counted in pairs — 17 A crtebra* in the back, 12 
pairs of ribs at the sides, and oiU‘ lu'oast-bonc, 
or sternum, in front. 

The trunk is divided into the ch(‘.st and abdomen. 
The chest or thorax is a bony cage formed by 
the spine behind, the ribs at the side, and the 
breast- bone in front, 
and conttiins the lungs 
and heart. The ab- 
domen has only tiu' 
spine behind, and no 
bones in front. 

The Vertebrae. 

The backbone, or spine, 

[82] is made up alto- 
gether of 33 vertebra* 
or turning bones, 
because most of them 
can turn a little on 
, their own axis. 

The first seven form 
the neck or cervical 
vertebra) ; the next 
twelve form the back 
or dorsal ; the next 
five form the loins or 
lumbar ; the next five 
arc united into one 
bone called the sacrum. 

;,0r sacred bone. 

^ r The last four are 
1^4.180 joined into one 
• bone called the coccyx, 
pr euckpo bone, and 
these two form the 
; back of the hips. 

V These vertebrae are 
placed one on the top 
of another, like so many bricks, and each one 
is separated from the next by a stout pad of 
cartilage or gristle, which, like the spongy bone 
between the two hard plates of the skull bones, 
prevents any shock or jar from reaching the brain. 



82. THE SPINK 

A. Seven cervical vertebra’ 

B. Twelve dorsal vertebra* 

C. Five lumbar vertebra* 

D. Sacrum E. Coccyx 

F. Soinous processes 

G. Transverse processes 

1£. Backward curve from 
breathiuff I. Forward 
curve from walking 


Although the spine contains 33 vertebrio 
in man, wo see that five and four are 
joined together ; and thus there are only 
26 separate bones. In the child, on the other 
hand, each vertebra is made up of several 
separate parts, so there are nearly 200 pieces of 
bone to form the 33 vertebra). 

Shape of a Vertebra. A vertebra is 
somet hing like the figure eight [83], with one of the 
circles made solid in front, and the other one 
left open and forming a ring behind ; so that 
when all the bones are placed on one another, 
the solid discs in front form a bony column, 
and the rings behind form a long tube. The 
column supports the body, and the tul)e con- 
tains the spinal cord^ or marrow. 

The ring behind has three bony projections, 
one on each side (transverse process), and one 
l)ehind (spinal process), and it is the tips of those 
^ processes, one 

^ below another, 

that are felt as 
ridges of the 
spine l>ehind. 
They arc for the 
attachment of 
the strong 
muscles winch 
support the 
long column 
called the spine. 

Use of the 
Padding. If 
we put 26 reels 
of cotton on 
the top of each 
other, with a soft 
pad between 
each for the 
cartilag(‘, wo can 
sec how easily a 
little pressure 
from above 
would force the 
column to one 
side or the other. 
The pads prevent 
friction and jarring. The spine is only kept 
straight by exercising its muscles, and girls 
“ ^should have as much drill and exercise 



BONK.S OF.TIIE .SKri.L AND 
FA(’E FROM BKLOW 
1. Foramen masnum for the splual 
cord 2. Occipital bone 3. Arti- 
cular Burface of the llrst 
cervical vertebra (AtluH) 

4. Tilt temporal bone 6. The vomer 
6. Tutisors 7. (Canine teeth 
8. BiciwpldB 9. Molarft 


as possible, to strengthen this spinal column. 
The 8j)ine is naturally bent backwards in a 
curve which makes the beautiful^ spring on 
Avhich the head is poised. 

The Atlas. The top vertebra of the 
seven in the neck is called the Atlas [84 A], as 
it supports the head, just as the fabled Greek 
god Atlas carried the 
heavens on his shoul- 
ders. It consists of 
a strong bony ring, 
divided in two by a 
fibrous band. On the 
upper surface are tw'O 
smooth sockets, on 
which the lower part 
of the occipital bone 
1605 


83. A VERTEBRA 
RESEMBT.B8 THE FIGBRE 
EIGHT 


4 o{ the skull rests, and on which the head moves^ 
f backwards and forwards, as when we hod and 
say ♦‘Yes.’" Through the back part of the ring 
the spinal cord passes into the brain by the 
great opening in the occipital bone. 

The Axis* The second vertebra is called 
thedii:is[S4B], - 

because in 
front of it is a 
strong bony 
peg about an 
inch long pass- 
ingup through ^ 

the front of axis 

ihth riniy of thft i Articulation 2. Peg, or 

rne ring oi i-ne odontoid process 3. Ligament 
atlas, and on 

which it and the head can turn from side to 
side, as when wo shake the head and say ‘‘No.” 

Meaning of a Broken Neck. If this 
peg breaks through the fibrous band at^ross 
the atlas, as in hanging, it presses on the 
spinal cord behind, and causes instant death, 
and the person is. said to have his neck broken. 

To see how this is done, make a ring with the 
first finger and thumb of the left hand, and then 
tie a thread to stretch across it from the middle 
of the finger to the middle of the thumb ; then 
put the forefinger of the right hand up through 
the front division to represent the peg of the 
axis, and put your thumb through the other 
division to represent the ^ 

spinal cord. If you then ^ 

break the thread by push- [ ^ U 

ing backwards Mnfh the 
right forefinger, and press B A \ 

on the thumb, you see 
exactly how a man’s neck / 
ifl broken. ^ 

The other vertebfaj are ^ 

aUpr.'tty much alike, only 86. A. dorsal ver- 
the lower they go down 3_ ldmbvr 

thJ larger and stronger vertebra 

they become in every way .spi.mi proc-s, 

[86], until tho last of the 2. Artk-ulailau 
twenty-four rests upon the 3; 

^arruYM, which forms tho 5, Body 
back of the hips. 

The Ribs. The Ribs [86] are long bones 
curved in a semicircle forming the cage, called 
the thorax, which holds the lungs and the heart. 
There arc 12 pairs of them attached to the 12 
upper vertebrfe of the back ; so that tlicre arc 
12 vertebras Avithout ribs in the 

neck above and five IxjIow), and 12 with them. 

The seven upper pairs of ribs are also hinged in 
front on to the breast-bone, and are called true 


Mbs ; the other five paitB are i|qt 
are called false ribs. Tfie)»0' liba 
united by cartilage in front to the loi^st 
rib, excepting the last two pairs, which are hoi 
fastened in front at all, and*^ are^sometiinsi^ 
called floating, or free ribs. Frogs have no ribs^ 
but snakes have hundreds, on which |hey 
they use them instead of limbs ; and the dying 
lizard flies with its ribs. 

The Breast-hone. Tho breast-bone 
called the Sternum [87], or sword, because it 
is just tho shape of a short Roman sword 
or dagger in its sheath, with the handle above, 
and the point downwards, 

C which you can feel in the 
middle of the chest. To the 
handle above, the arms are 
attached on each side by 
moans of collar-bones. 

The Collar-bone. The 
Clavicle [88], or collar-bone, 
is BO called from Latin 
clavu% a key, and is fastened 
to the sternum at the inner 
end. and at the outer end to 
tho shoulder-blade, with 
which it completes the socket 
for holding the arm. It is 
86. TRUE RIB shape of tho letter “ S,” 

3 : ”o,S' 4?'jmSo.. 

\vith Bternum key, and keeps tho shoulders 
. in their place. In animals, 

all of AAhich have iiarrou, deep chests, these 
bones are very short indeed. The clavicle is 
easily broken by a fall upon tho hands or arms, 
y — ^ The two collar-bones in a fowl 

\ together form tho “merry 

thought.” 

The Shoulder-blade. The 

* Scapula, or shoulder-blade (so- 

called from Latin scafmla, a 
little boat), is a flat, triangular 


87. STERNUM 88. CLAVICLE (right side) 

1. Handle or manu- 1. Inner or atenial end joint 
bniim 2. Body handle of breast-bone 

S. Knaltorm proccB^ 2. Shaft 3. Outer or scapular 
4. Attachment of fud 

rib caitilago 

bone resting over the muscles of the back, on 
which it freely moves. It is united *to the 
clavicle above, and forms the socket for the 
arm by means of a shallow cup at the outer' 
angle, tho point of the triangle being dowkwatde^ 
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miU boy, taoglit him^ read, und t^ue 
bet foot on the fhrdt mug ol the ladder that leads 
ip lame. In deahng Ivith English prose, as m 
^ea^ng of Enghsh poetry, our object is to keep 
in riew the needs of that large class of the com- 
munity who should look to literature primarily 
as a means of education and the source of a 
j^asuro which is not to be confounded with 
mere amusement. 

Early Writers of Prose. The chief 
characteristic of Anglo-Saxon prose reflects what 
IS a chief characteristic of the Enghsh character: 
practicality The language was direct and simple. 
Another point to be borne in mind is that right up 
to andincluding the sixteenth century, our prose- 
writers, beginning with BvIlda (b 073; d 735), 
were m the main translators Their works wore 
for the most part educational, religious, and 
historical (as is the “Anglo Saxon Chiomcle’ ) 
m character -^.ifred the Great (b 849 ; 
d 901) was a tianslator himself and the cause 
of translation in others 

The English that .Alfred Wrote. 

uElfred sought to give his people peace, and he 
laboured manfully to efftet their mtelleetiial 
improvement He d sued that at least evi ry 
free-born youth who possessed the means 
should “ abid"* at his book till he ( ould well 
understand English writing He souglit to 
spread wide the learning which was then the 
monopoly of the clergy T3allads and poems 
England already possessed Prose she had 
none Ho aimed at the rendeimg of all useful 
liooks “ into the language which w(' all undei 
stand ” This language has been dcsctibed as 
one of the finest and purest foims of Teutonic 
speech Into it iElfred translated, oi, lathci 
paraphrased, in an epitomised form the 
“ universal history “ of Orosius, a Spanish 
author of the fifth centuiy , the “ Histona 
Eoclesiastica “ of the Northumbrian monk 
Bseda ; the “ Pastoral Rule “ of Pope Gregoty , 
and the “De consolatione philosophiap “ (“On 
the consolation afford d by philosophy “) of 
Boethius, a Roman philosopher and martyr 
of the sixth century Anglo Saxon was distinct 
from modern English in the character of 
its lettering as well as in other ways, but some 
id'^a of “ the Enghsh that iElfred wrote “ may 
be gleaned from the following example, which is 
given with modjmised lettering, from the 
* De consolatione “ : 

“ Hit gclamp gio, thsf'ttc an hearpore wajs 
on thsere theode the Thracia hatte Trues nama 
w»3 Orpheus He h^eflde an switho senlic wif ; 
810 wiies haten Eurydice ” 

Mr. Cardale thus renders this passage : 

“ It happened formerly that there was a 
harper In the country called Thrace His name 
was Orpheus. He had an excellent wife called 
Eurydice.” 

lify work from which those Imes are quoted 
W4\ alSjC^ translated by Chaucer. Its theme 
is xhptabnity of all earthly things save 
virtv\d|£beloags to that rare order of^ immortal 
wfMlI^pi^^ve beish written in prison* 


Thm Bttftlala lof 1?o.tbib' 

development of Anglo-SaxoA a> period wa^ 
placed by the Danish mul Noiapsan conqn^ats, s 
Some authorities object entirely to term 
Anglo-Saxon as descriptive of the language and 
literature of England before the Normi^ 
conquest and for a century after that epookil 
event, preferring to classify the period an Oldqst ' 
English, or Old English ; but we may follow 
conventional classification, which makes Early 
English succeed An^lo-Saxop and cover theycar*! 
1150-1350, as durmg the first of these two 
^ centuries the inflections were broken up, and in 
the second the language was extended by the 
introduction of numerous French words [see 
Literature, page 324J. M iddle Enghsh, of which 
Chaucer was the great hterary artificer, fiouriohed 
from 1350 to 1550, and smeo the latter date oar 
language and literature are classed as Modem 
English [ see page 328] As was the case with 
the Anglo Saxon and Eaily English waters, thciv 
successors of the fouiteenth century concerned 
themsi Ives chit fly with the work of tianslation. 
We have alre idy Icained that several of Chaucer’s 
wotks aie of this nature — two of the famous 
“ Canterbury Tales “ The Tale of Mehbeus,” 
bon owed from the French of Albertano of 
Brescia, and “ The Persones (Parson’s) Tale,” 
a sermon deiived from Fi^re Loiens; the 
unfinished “ Treatise on the Astiolabe ”, and his 

Boethius ” JiCt iiH look at a few passages 
fiom the last named It will serve to mdicate 
how the language had grown since iElf red’s 
tim'‘ 

“At the laste the lord and juge of sowles was 
moeved to miseiicoides [mercy] and cryde, ‘we 
ben overcomen,’ quod he ; ‘ give we to Orpheus 
his wyf to beic him eompanye ; he hath wel 
y bought by his song and his aiteo ; but we wol 
putte a lawe in this, and covenaunt in the yifte: 
l/iai 18 to seyn, that, til he be out of belle, yif 
he loke behinde him that his wyf shal comen 
ayem unto us ’ ’ 

Resistance of English to Norman* 
French. Though the Norman conquest intro- 
duced Norman-Jrench as the language of the 
court and the euituied classes, while Latin re- 
mained the language of the clergy and that in 
which many learned works wore written, the 
native dialects merged into one another, and ulti- 
mately into tho Midland tongue* the 

French influence was by no means a ne^tgible 
quantity is evident, if we examine the wqdc of 
Chaucer alone ; but the native English ni suc- 
cessfully resisted the Noiman-Irenqh inv«^$ioh as 
our native drama m the sixteenth oeutii^ l^e 
superior to the dictates of the “Uuiverstty 
scribes,” who sought to shackle it with tlm dead 
weight of classical tradition Following Upon the * 
death of Chaucer, however, the French Wari and 
the Wars of the Roses once more set back the 
of English hterary activity^ and there but Rt^^ 
of interest to ohroniole, save the mtrQdqetlib% 
of tho printing press by WiLti^M Caa^qiir 
14227 ; d 1491), tiV we reaoh the # mj' 
Tudors, whence may be dated the beginitiig 
Slodetp English. 



UTKIIATUIIB 


i#egrad#« One ex- 

i^ple of the maimer in which the English 
ftotc^natc^d French literature is to be found in 
^tbS anonymous translation of “The Voyage and 
'lll^av^ of Sir John Maundeville ” of Jehan de 
Boorgbgne^ a work which is still read on account 
of its naive descriptions of the marvellous. But 
emotaliyHnteresting is it to ponder the influence 
of the romantic legends of the Norman poets 
known as the Trouvdres. These deal uith 
Alexander the Great, King Arthur andr the 
. Knights of the Round Table, Charlemagne, 
and the Crusaders. The origin of the Arthurian^ 
legends is Celtic — partly Welsh and partly* 
Breton. “ La Mort d’ Arthure ” of Sir Thomas 
Malobv (fl. 1470) so delighted tho heart of Sjr 
Walter Scott that he described it as being 
indisputably the best prose romance of which the 
English language can boast. Many mod’^rii 
writers, Tennyson among them, are Inc etcrn.al 
debtors of Malory, whoso work, as printed w it h al I 
the affection of a great and sympathetic ci'aftsnian 
by William Caxion, played no small pait m tlio 
making of Elizabethan prose. For his blaok- 
letter folio of this work, of which only tMO 
copies are known to exist, though a number of 
reprints are obtainable, Caxton wrob* a prc‘face, 
in which he said, in language that indicates the 
rapidity of the change from Chaucer’s : 

Specimen of Caxton’a Prose. ‘ I 
have after the symple connyng that (Jod 
hath sente to me, under the favour and conee- 
tyon of al noble lordes and gentylmen, cnpiysed 
to onprynte a book of the noble hystoiyes of the 
satdkynge Arthur, and of eerteyn of his knyghte*^, 

^ after a copye unto me delyvered, wliyche copye 
syr Thomas Malorye dyd take oiitc of certcyn 
bookes of Frensshe and reduced it into Englyssfic\ 
And I, accordyng to my copye, have doon 
sette it in enprynte, to the entente that noblemen 
may see and leme the noble acts of chyvaliye, 
the jentyl and vertuous dedcs, that somm^ 
knyghtes used in tho dayes, by ^^hyclie they 
came to honour, and how they that were \yeiou . 
were punysshed, and often put to shanu* and 
rebuke, humbly byseohying al noble loriles 
and ladyes, wyth al other estates, of wha^ 
estate or degree they been of, that shal see aind 
rede in this sayd book and werke, that th^y 
take the good and honest actes m their remcitt' 
brance, anefto folowo the same.” 

Malory^s , Mort d’ Arthure.’* 

A favourite passage is Malory’s account of 
the passing of Arthur. How English it h, 

' apart from the spelling, may be seen from the 
following modernised extract: 

“ And when they were at the water-side. c\pn 
fast by the bank koved a little barge with many 
fair ladies in it, and among them all a 
Q^een* and they all had black hoods, and they 
' all wept and 'shrieked when they saw King 
i^thur. ‘ Sow put mo into the barge,’ said, the 
tog; and so they did softly. And there 
received him three Queens^ and in one of their 
kpi^ King Arthur laid his head, and then that 
(^toed. sudd, * Ah, dear brother ! why have ye 
tarried ao Ion# fxW me 7 Alaa> this wound on 
your !i$lh cim^t ovormuch cold.’ .... 


Then Sir Bedivere cried* ‘ Ah, my lord Arthur 
what shall become of njie now ye go from me, 
and leave me here alone among mine enemies ? ’ 
‘Comfort thyself,’ said tho King, ‘and do as 
well as thou mayst ; for in mo is no trust to 
trasb in. h or I will go into the Vale of AviUon, 
to heal mo of my grievous wound. And if thou 
hear never more of mo, pray for my soul.’ ” 

Froissart. Malory’s monumental work, 
following that of Chaucer and Gower, gave to 
English literature something of the glamour of 
chivalry and romance ; and this beneficent 
influence was followed in its turn by the transla- 
tim of Froissart’s “Chronicles” by Lord 
Bernkrs (or Boitrchier) (b. 1467 ; d. 1533). 
Jean Froi'^saH, like one of his own heroes, set 
out on his travels in quest of adventure. Ho 
Msitt*d England twice, in the reign of Edward 

III. and Richard II. ; he was the guest of 
David Bruce in Scotland, he journeyed in 
Aquitaine with the Black Prince, and was in 
Italy, possibly with Chaucer and Petrarch. Ten 
years lieforo his death he settled m Flanders. 
His “ Chronicles,” drawn from his travels and 
experiences, are among the most delightful 
things in European literature. Those who cannot 
I (‘ad them in French, and are not in love with the 
spelling of Lord Ben ners’ translation, should have 
recourse to tho Globe edition, which gives a 
modernised version by Mr. G. C. Macaulay. 

The Paston Letters. The student of 
fifteenth century England should not omit to 
pay some attention to the “ Paston Letters ” 

( 1422- 1 509). Tliesc documents, w’hich aie about 
1,0(X) in number and were not printed till the 
second half of the eighteenth century, were 
written during tho reigns of Henry V., Edward 

IV. , Richard III., and Henry VII., by memlxTs 
of an East Anglian family. They throw a flood 
of light on the social customs of fifteenth ecmtiiry 
England ; and they serve to indieatt* that tho 
civil strife which then divided families did not 
.iltogether crush out cither the dcoiix* for, or the 
means of, learning. 

The Author of “ Utopia.” Sir Thomas 
More (h. 1480 ; d. 1.>.35) was a man whose 
thoughts were far in advance of his time. 
His theories wvn^ ('ssentially those of a humane 
man and a philosophc^r ; his practice, as 
Chancellor of Henry VIII., was curiously at 
variance with his avow'ed sympathies. He was 
liehoaded for refusing to acknowledge any other 
head of the Church than the Pope. His best 
known work, the “ Utopia,” a political satire, 
was written in Latin, and translated into 
English by Ralph Hohynson thirty-live years 
later. It deals with the social defects of English 
life, and pictures an imaginary island where 
communism is tho rule, education common to 
tlio sexes, and religious toleration general. 
The title is derived from two Greek woi-ds 
meaning “ Nowhere,” More also wrote a num- 
ber of works in English, of which tlie most 
notable is his “ Histoide of Edwai-d the Fifth 
and Richard the Third.” This is the first 
history in the language with, any pretension to 
a literary character. 

C<yiUinued 
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rATSNTi ANO INVCNTIONA 

^ Renewal Fees. The period to which a 
complete patent extends upon the application 
foe is four years, before the expiry of which a 
feo of £5 must be paid if it be the intention to 
maintain patent rights. The fee for the sixth 
year is £6, imyable before the end of the fifth 
year, apd the tax rises annually by 2i)s. incre- 
ments, until the limit of 14 years is reached. 
Renewal fees are paid under cover of Form J, 
which may bo purchased in the same manner as 
- the other forms already mentioned. 

Renewal fees need not btj paid through a 
patent agent, as the extra charge above the 
official fee is merely money thrown away. I'he 
patentee must, however, not forget the dates 
when the renewal foes fall due, else his patent 
, may lapse through his carelessness. Should tin* 
date for paying any renewal fee pass, tlie patentee 
may regain his patent rights by paying an extra 
£1 if within one month, £3 if within two months, 
or £5 if within three months. 

The Patent Agent. The choice of a 
patent agent, if one be employed, demands care. 
The Fellows of the (’bartered Institute of Patent 
Agents, of Staple Inn Jluildiiigs, London, \V.(’.. 
may bo entrusli*d with the w'ork in (‘iitire con- 
fidence. A registered patent ag<Mit must either 
have l)cen in pnictice l>cfore JShS or have ])assed 
a professional (‘xaminationhcld l)y the Institnte, 
the chief object of w'hich is “ to maintain a 
high standard of rcctitud(‘ and proh'ssioiitil 
conduct.’’ Any agent on the register (which 
is kept by the Institute) who may lx* foun<! 
guilty of malpractice is struck oil tlic roll by 
the Board of 'IVado at the instigation of the 
Institute. 

All paluit cxptrtft are not It 

illegal to asoume tlu* latter title unless the 
individual he register(*d. Rut anyone may 
without restriction call liimself a patent ivpnt, 
and may even call liis ofii(*e a )Mtent affiurt/ 
or patent office. Tlie inventor seeking to entei 
the official Patent (Office — and it would he well 
that the law should be made to limit the ust' of 
this designation to the official dcpartimmt 
may easily find himself in the office of a privatt' 
individual or firm, and care must he exercised 
if he w’ould avoid this misadventure. 

Especially when foreign ])atents are being 
applM for, a man of the highest professional 
standing should bo engaged, A low' quotation 
for the application of a foreign patt*nt sluaild 
never cause the inventor to depart from this rule 
It is not iineommoii for unsci upulous “ patent 
agency ” houses to take fees for applying for 
foreign patents, and to make? no application. 
Under such eirciimstanccs it is easy to give a 
low quotation for the w ork. The invcuitor should 
always insist upon having the official receipts 
for the payment of foreign patent fees, and 
should not bo satisfied merely with an aeknow - 
le(]gment of the specification papers, as in some 
for^Bign patent offices specifications may be 
without accompanying fees. Until the 
is paid, no patent is, of course, granted, but 
the practice of giving acknowledgment ot docu- 
ments unaccqmpani^ by fees makes it c&y for 
swindlers to impose upon innocent inventors. 


Foreign Patents. It is praoiioally im- 
possible' for the individual inventor to apply for 
a foreign patent without engaging the services 
of a properly qualified patent agent. Thus, time 
and space would be wasted by a consideration of 
the detailed procedure in applying for foreign or 
colonial patents. But we give in tabular form 
some information regarding the duration and 
cost of all foreign and colonial letters patent. 
The figm’os given in the large table do not include 
agent’s fees, drawings, cost of drawing up, or of 
translating the Hpecification. The total cost of 
official fees and patent agents’ services complete 
for any foreign patent varies considerably. 
Average inclusive minimum charges by London 
patent agents for a few of the chief eolonies and 
countries are as folio w^. 
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10 
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10 
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1 
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10 
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10 
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10 
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4 

0 
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. 13 

10 
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17 

., 10 

0 

JuHnro 1 

7 

10 

Slat.-, 1 



These foes ineludi* (^lovonmwnt filing fees, 
specification and translation up to l.(M)0 w'ords. 
hut not drawings, whieli ari‘ invariably charged 
extra, according to their n.vture. 

Marketing an Invention. There are 
s‘\ernl ways in whieli a patentee may exploit 
his irnontion. He may (1) maniifaeture it and 
s(‘Il the article to tlu* trade or the public ; (2) 
sell his pat(‘iit outright ; (3) grant an exclusive 
licence or several licences for its manufaetun* 
either for an annual slump money payment 
or upon a ‘‘royalty*' basis— that is, receiv- 
ing so much for eiveh article made and sold. 
The fii-st method is tlie more common with 
ordinary inventions devised by men in a })Ositiou 
to manufaeturo and market the specific article 
invented ; the tliird is the more usual wdieii 
the inventor is not in a position to follow' his 
erc'ition through all its eommereial stages, and 
the second, if lu‘ can anuiige it, pays the inventor 
when his invention is a bad one, and the manu- 
facturer w’lien it is good. The most equitable 
arrangement between inventor and manufac- ’ 
turer is that the latter should undertake to make 
and sell the article for a certain number of y<^r6, 
paying a reasonable minimum annual sum. for ^ 
the privilege, and a further small royalty upon„ 
any number above a <*ertain agreed quantity, 
'rhe minimum annual payment is some guaran- 
tee that the manufacturer will take up the article 
seriously, and the royalty upon tho exccisa secures 
consideration for the inventor if the^ article 
pnwe exceedingly valuable. 

Limited co;npanios are often formed solely to 
t'xploit a patented invention. An invention 
must bo of importance and value to ensure 
success upon such a scale of working. The ^ 
cedure of company formq;tion is coilsidered in^ 
another part of tho Siclf-Educatob^ 

Patents and Inventions concluded 




Suction I. 

Miscellaneous Idioms 


English. 

Calpumia married 
Ca*Bar. 

C«esar married Cal- 
pumia. 

He is the best 
scholar in the school. 

It does not fall to the 
lot of everybody to 
visit Naples. 

There are some who 
think you are mad. 

I prefer a thousand 
deaths. 


I fear you are wrong. 
I fear you are not 
wrong. 

I will do it if I can. 
He pities no one. 


Latin. 

Calpurnia Casari 
nupsit (lit., veiled her- 
self for Copsar). 

CjBsar Calpurniam 
in mati imonium 
duxit. 

Discipulorum, si quis 
alius, ille optiine 
dibcit. 

Non cuilil^et oontin- 
git Neapolim videro. 

»Sunt qui putent te 
insanirc. 

Malo sexcenties mori 
(the Latins always said 
.Sir hundred tunes in 
such seutenoos). 

Tiineo no orres. 

Timeo ut ciros. 

Hoc si ixdrro (fut.) 
faciam. 

Nullitis miscrctur 
(not neminis: gen. and 
ahl. of nemo not used. 

“ With nemo let me 


never sec 

Neminis and nc- 


I am sorry to say 
this. 

He perished in his 
youth. 

I have asked him to 


come to see mo as 
qwkly as possible. 

1 )[ cannot write for 

' uses one tent, 

Another another. 

All the best citizens 


all over with me. 
onghi to have 
done it before. 


\On the march. 


mmr.”) 

InvituH hoc dico. 

Juvenirt iiiortuus est. 

Rogavi eum ut quam 
0(*lerrime veniat me 
visum {supine). 

Prae laerimis senb- 
ere non possum. 

Alius alio tabevnae- 
ulo utitur. 

Optimus qiiisquo 
civis adest. 

Actum est de me. 

Antea te hoc facere 
oportuit {note the pns. 
infinitive). 

Ex itinere. 


^ On horseback. 

departed without 
what I had 


ISx equo. 

Disoessitj-neque quid 
fecissem • rogavi t (or, 
Ita discessit ut non 
'* rogaret, etc.). But 
not grille with gerund. 


English . 

With your usual 
kindness. 

In front was the sea, 
in our real the enemy. 


He came sooner than 
be was expected. 

The House divided 
on the motion. 

Onee every four 
years. 

I am on the point of 
going. 

In the open air. 

The sisUus loved one 
anothei. 

T was uithin an 
iiieh of death. 

Mind you come. 


He is not a fit 
person for you to con- 
\erbe with. 

I cannot walk oven 
a mile, not to mention 
bc^en. 

.Vt one time be is 
■wise, at another a 
perfect fool. 

Some laws ucre 
passed, o 1 hers re- 
mained posted up. 

What 18 the meaning 
of the word pleasure ? 

1 asked him uhat 
time it was, but he 
made me no reply. 

1 am writing this 
letter on the Ist of 
April. 


It wpuld be tedious. 
It would have been 
better. 


Latin. 

Pro tua dementia. 

A fronte mare, hos- 
tes a torgo immine- 
bant. (Note the*‘baok 
to back ** construction, 
called C'^hiasmus, mare 
and hastes being the 
two means, a froiUe 
and a tergo the ex- 
tiemes). 

Opinione celerius 
venit. 

Pedibus in sen ten - 
tiam iverunt. 

Quarto quoque anno. 

In CO sum ut pro* 
ficisear. 

Sub divo. 

Sorores altera alter- 
am amaverunt. 

Minimum abfuit 
quin morerer, 

Cura {or Fac) ut 
venios, or simply Cu<a 
\enia 8 . {Cura is im- 
])erative of ewro, 
f mare.) 

Non est aptus quo- 
cum colloquaris. 

No mille passes qui- 
(lom arabulare possum, 
nedum sop tern (millia 
}uissuum). 

^lodo sapiens, modo 
btultissimus eat. 

lieges aliac lata) sunt, 
alue promulgatai fuer- 
unt. 

Quid vult vox volup- 
tatis { 

Mihi interrogan^i 
(piota bora easel, nihil 
respond it. 

. Has literas (or hano 
epiatoliim) Kalendis 
Aprilibus scriliebaoi. 
(Epistolary imperfexst, 
Ijecause to the reader 
the writing is [Hist.) 

Longum est. 

Melius fiiit. 
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English, 

All the world knows 
that you are not con* 
vinced^ 

" Instead of thanking 
mo» he abused me. 

“ This, then, is the 
reason why pay has 
been granted to the 
soldiers : nor has it 
escaped our notice that 
this gift will bo daubed 
with the poison of our 
enemies. The liberty 
of the people has been 
sold: our soldiery U 
removed for over and 
banished from the oily 
and from the republic : 
no longer do they give 
way even for winter or 
the season of the year 
and visit their homes 
and possessions. What 
do you think is the 
reason for this pro 
longed service U ” 

The lop of tho moun- 
tain. 

From day 1 o day. 

To be brief. 

As far as I know. 

No letter from you. 

Every fifth year. 

To make many 
promises. 


Latin, 

Nemo est quin sciat 
tibi non persuasum 
esse. 

Quum gratias mihi 
agere doberet, mihi 
malodixit. 

In ihtUio Oblif/ua. 
Hoe illud esse quod 
{era militibus sint eon- 
stituta ; ncc se fefel- 
lisse, id donum inimic- 
orum venono illitum 
hire. Venivssc liljcrta- 
tt‘iu plcbis : remotaiii 
in pc‘rj)ctiiiim ct ableg- 
atam ab urbo et ab 
republica jiivontutem 
jam ne hiemi quidem 
aut t(‘mpori anni ced(U‘e 
ae domos ac res in- 
visere suas. Quani 
putarent continuat.e 
militue causam essc' ? 

(Livy.) 


Summuh mons. 

Diem de die. 

Quid pi lira [dicaml ’ 
Quod soiam. 

Nulla tiia epistola 
Quinlo qnoquo anno. 
Alulta pollicevi 


Section IF. 


Definitions of Grammatical Terms 

AsyndeUm, Hie annexing of words withoni 
a conjunction —e.//., di, homines (gods and men). 

Aposiopesis, A sudden stopping on the part 
of the speaker, as though unwilling or unable 
to proceed — e.y., /Eneid T., 135; 

“ Qvos eyo — .scd motos pnvsful com}Mmere 
fluctus.'* 

liendiadys. The presentation of one and the 
same notion in two expressions — e.g., “uith 
mightand main.” Chlamydem sinfisqne{i\iQ folds 
of tho cloak: literally, the cloak and tho folds). 

Enclitic. A word or particle which ahvays 
follows another -word, so united to it as to 
scorn a part of it — e.g., ><iue, -ve. 

Patronymic. A title expressing desctuit from 
a father or ancestor — e.g., Alcidfs son ot 
Alccus ; Anrhisiodes - son of Anohiscs. 

J^yncope. Tho shortening of a word by east- 
ing out an inner vowid ; as, patri (jmteri). 

Synesis. A construction in harmony with 
the sense rather than with strict syntax — e.gr., 
SMdhtunt ju vent ns auxilio tardi =- the young men 
come up slowly to the rescue. Here subit and 
tarda would have l)een strictly needed. 

Crasia, Tlio contraction of two vowels into 
one long vowoh^r into a diphthong. 

Zeugma, The using of one verb in two different 
1; 204 : mores et mmnia ponet. 


Oxymoron. An apparent contradiction in 
terms — e,g,f splendide mendax : inskpvJUam se* 
pulturam (a mockery of burial). 

Periphrastic Conjugation, The participles in 
\irust duA may bo conjugated with .all the 
tenses of snm-^e.g.y to form fut. subj. of owto, 
“ amaturus simJ'' 

Litotes. Understatement, saying less than 
one means — e.g., “ a citizen of no mean city,” 
non innoxia verba (deadly words). 

Ilysteron-Proleron , The idea, logically second, 
being put first — e.g., rnoriamvr, et %n media 
arma ritamus. 

Chiasmus. Contrast obtainod by reverse 
order— e. 7 ., urbi Cwsarem^ Brutum Oallim 
{dedennit). 

Amphora. Repetition of tho verb to avoid 
the use of a conjunction — e.g., Venit et> upilio ; 
tardi venere subulci (Virgil, Eclogues X., 19). 

Passage to be bendercd into Latin: 

A CHARACl'ER SKETCH. 

He belonged to those thin and pale men, as 
Uicsar names them, uho sleep not in the night 
and who think too much ; before whom the 
most fearless of all hearts has sliaken. The 
quiet iK'accfnlncss of a face, always the same, 
hid a busy. li(*ry soul, 'which stirred not even 
th<‘ veil b(‘ijind whicli it worked, and w'as equally 
inacc(*ssibh* to cunning or love ; and a manifold, 
formidable, never-tiring mind, sufficiently soft 
and yielding momentarily to melt into every 
form, but sufficiently proved to lose itself in 
none, and strong enough to bear every change 
of fortune. None was a greater master than 
he in seidng through mankind and in winning 
on hearts ; not that lu? hd his lips, after tho 
manner of the court, confess a bondage to 
which the proud heart gave tlii' lie ; but liecause 
he was neither covetous nor extravagant in 
the marks of his favour and esteem, and by a 
jirudent economy in those means through which 
one binds men, he multiplied his real store of 
them. Did his mind boar slowly, so were its 
truits perfect ; did liis resolve ripen late, so 
was it lirmly and nnshakably fulfilled. The 
))lan to which he once had paid homage as the 
lirst, no resistance would tire, no chances 
destroy ; for they had nil stood before his soul, 
before they really took plae(\ As much as his 
mind was raised above terror and joy, so much 
was it subjected to fear ; but his fear was there 
earlier than the danger, and in tho tumult ho 
was tranquil because he had trembled whoa 
at rest. 

Latin Version op the above Passage. 

Erat profecto c pallidis illis maeiJentisquo 
viris quos dicit Caxsar [or, ut Utesarianum 
illud usurpemjqui insomn'a et nimia oogitatione 
exerciti tervorem aliquando vel fortissimis 
mcuascrunt. Vultui tronquillp et immobili 
siiberat acor fervidusqne animus, qui ne involu- 
cram quidem sibi operanti quasi pr^stentum 
eommovebat, contra fraudem ct stadia painter 
obstinatus: suberat ingenium multiplex, for- 
midiilosum, indofessiim,' ita facile ut nullam 
non ex tempore formam indueret, ita duratum 
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ui nonquam a sua ipsius natura decederet, ita 
validum ut omnes lortuna^ vicis^itudines im- 
pime fiufitineret. Hominiim indoles, ut nemo 
alius, perspioiebat, conciliabat gratiam : quern 
tamen ne putes, urbanorum more, obseciuium, 
quod indtiaretur contemptor animus, ore pro- 
lessum 0880 , sed potius officiosae benc'volcntia* 
neque parcum neque prodigum, opes, quibus 
devinciuntur homines, cautc disponsando 
auxisse. Mens ejus, si tardiores, perfeetos eerte 
edebat fructus ; consilia ut serins proveiiisaent. 
oonstanter tamen et sine vaoillationo perag;eban- 
tiir. Propositum, cui semcl ])riiuas detulisset. 
nulla vis oppugnantium frangere, niillte vices 
labefactaro poterant, quippe quas omnes 
animo jamdudum pra'cepissct. Quantum hujxT 
terrores et gaudia elata erat mens ejus, tan turn 
timori erat subjeetn : pneveniebat vero limor 
illo periculum, adeo ut qui in traiiquillo lre])id- 
avisset, in trepidatione eeteroium maneret 
tranquillus, — ( J. Conington. ) 

Section 111. TRANSLATION. 

Passage from Virgil’s Eclogues, or 
Pastoral Poems. 

“THE GOLDEN AGE.*’ 

[Virgil pxj)re8seft the gpiieutl ho pen of a new 
era of peace and prosperity in language suggestive 
of the retinn of a bygone age of gold, connecting 
this aye with the birth of a boy expected in this 
year, b.c. 40.] 

At tibi prima, puer, nullo munuKCula eultu 
Erranteft hederas passim eum baccaie tellus 
Mixtaque ridenti eoloeasia fundet aeantho. 
Ipsao lacto domum referent dist-enta eapell® 
Ubera, nec magnos metuent armenta leones. 
Ipsa tibi blandos fundent cunabula flores. 
Occidet et serpens; et fallax herba veneni 
Occidet ; Assyrium vulgo nascetur araomum. 
At simul heroum laudes et facta parentis 
Jam legero et quec sit poteris cognoscero virtus, 
Molli paulatim flavescet campus arista, 
Incultisque rubens pendebit sentibua uva, 

Et dura* quereus sudabunt roscida mella. 
Pauoa tamen sulierunt priscaa vestigia fraud is, 
Qufie tentare Thetim ratibus, quie cingere 
muris 

Oppida, quae julieant telluri inbndore suleos. 
Alter erit tumTiphys, et altera quae vehat Argo 
J>electos heroas ; erunt etiam altera bella, 
4tque iterum ad Trojara magnus mittetur 
Achilles. 

Hinc, ubi jam firmata virum tc fecerit aetas, 
Codet et ipse mari vector, nec nautica pinus 
Mutabit merces : omnis ferec omnia tellus. 
Non rastros patiotur humus, non vinea 
falcem ; 

Bob^tus quoque jam tauris juga solvet 
, orator ; 


Nec varios diseet mentiri lana colores. 

Ipse sed in prat is aries jam suave rul)enti 
Murioe, jam eroeeo mutabit vellerg, luto ; 
Sponte sua sandyx pasccntes vestiet agnos. 

* Talia sajcla,’ suis dixerimt, ‘ currite ’ fusis 
Concordes stabili fatorum numine Parea*. 

Translation of the above Passage. 

On thee, child, the earth shall begin to lavish 
without uught of tillage her simple gifts, strag- 
gling ivy twined with foxglove, and coloeasia 
(the Egyptian bean) with smiling bear's-foot. 
Of their owTi accord the she-goats shall bring 
home their iiddei^ swollen wdth milk, and the 
herds shall not dread the mighty lions. Thy 
very eradle shall pour forth flowers to eaiess 
thee. The serpent, too. shall ])erish ; perish 
likewise tiu* treacherous lunson-plant. Eastern 
spice {hall spring up everywhere. Rut so soon 
as thou ahalt he alih* to learn the exf doits of 
heroes and the de(*ds of thy father and wdiat 
their manly virtue is, gradually the plain shall 
turn yellow with w'a\ing eorn ; on w'ildhr.imblea 
shall hang the ruddy grape, and sturdy oaks 
exude the dew- horn homy. Yet shall there 
link a few traces of early guile, to hid men 
tempt the sea with barks, gird eities witli walls, 
and cleave the (‘artli with iurniws. Then shall 
1)0 a second Tiphys (helmsman of tlie Argo) 
and a second Argo to carry the chosen heroes ; 
there shall he the old wars repeated and a great 
Achilles sent again to 'JVoy. Next, when thy 
full grown stnmgth has niatle thee a man, 
even the merchant shall (pi it the sea, and the 
pine built ship shall not exchange its w'aros : 
every land shall hung forth everything. The 
ground shall not endure the hoe, uor the vine- 
yard the pruning-hook: the stout ploughman, 
too, shall now loose his oxen from the yoke. 
Wool shall not learn to assume divers colours, 
hut by Nature’s gift (ipse) the ram in the 
m(‘adows shall exchange* his fleece for sweetly - 
hhishiiig purple and for saOron dye. Of its 
ow'u accord scarlet shall clothe the brow'sing 
lambs. “ Ages like these, run on ! “ said the 
Parea? to their spindles, utUTing in concert the 
fixed will of Fate. 

Those desirous of pursuing Latin Prose further 
are recommend(*d to use Ahliott’s “ Latin Prose 
through English Idiom ” ; “ Arnold’s J^atin 

Prose Composition,” by Bradley ; and “ Trans- 
lations,” by Messrs. Jebb, Jackson, and (hirrey 
(George Bell and Sons), to all of which hooks, 
with the addition of Roby’s Latin Grammar 
and the Public School Latin Primer, the writer 
wishes to acknowledge his indebtedness. 

Note. On page 1183, section 8a, the word 
essent should be sint. 

Continued 
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By Gerald K. Hlbbert, M.A. 


PARSING 

^ * W/ have now gone through all the parts of 
Speech in detail, and have been “parsing” 
words, perhaps unconsciously, throughout the 
^process. Bor to parse ’* a word is simply to 

-k ^ -r. 


say to what part of speech it belongs, and how 
it is related to other words in the same 
sentence. 

Parsing Scheme. L Noun. Give (1) 
general class— Le., proper, common, abstract, 
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collective ; (2) gender ; (3) number ; (4) case ; 
(5) reason for the case. 

2. Adj^ictive. Give' (1) class, whether of 

quality, quantity, or relation ; (2) degree, 

whether positive, comparative or superlative ; 
(3) its qualification of the substantive. If the 
adjective in question is pronominal — t.e., also 
used as a pronoun —state this in parsing it. 

3. Pronoun. Give (1) class, (2) gcmder (if 
possible), (3) number, (4) case, with reasons 
for the number and the case. 

4. Verb. If a finite verb, give (1) voice, 

(2) mood, (3) tense, (4) number, (.5) person, and 
the subject with which it agrees. 

If an infinitive or gerund, give (1) voice, (2) 
tense, (3) case, with a reason for the case. 

If a participle, give (1) voice, (2) ten.se, (3) 
number, (4) case, and the substantive with 
which it agrees. 

In all moods, say whether the verb is transitive 
or intransitive, whether of weak conjugation or 
of strong, and give the principal parts of the 
verb — t.e., present indicative, past indicative, 
and past partieiplt*. 

5. Adverb. Give (1) class, (2) degree, 

(3) what it qualities. 

• (1 Preposition. State what it governs. 

7. (bNJUN(7TiON, Give its class, and .say 
what aenterioes or words it- conmnds. 

Example of Parsing. 

But then the mind much sufferance doth 
o’erskip. 

When grief hath mates, and bearing fellowship ” 

, (“ Kin,; l..ear.”) 
But. eVordinativo conjunction, connecting 
this sentence with what has gone before. 

Then. Adverb of time, modifying “ doth 
o’erskip.” 

The. Demonstrative adje^ctive, pointing out 
“ mind ” (sometimes called definite article). 


Dolih o'erskip. Verb, transitive, weak con- 
jugafon. active, indicative, present, singulaj- 
third person, agreeing with its subject “ mind,” 
from o'er skip, o'erskipped, o'er skipped. 

When, Relative adverb (or conjunctive ad- 
verb) of time, modifying “ hath.” 

Oriel, Abstract noun, neuter, singular, nomi- 
native, because subject to “hath.’^ 

Hath. Verb, notional (not auxiliary here), 
transitive, weak, active, indicative, present, 
singular, third {person, agreeing with its subject 
“ grief,” from have^ had, had. 

Mates. Common noun, common gender, 
plural, objective after “ hath.” 

And. Co-ordinativo conjunction, joining the 
two sentences ” Grief hath mates,” and “ Bear- 
ing (hath) fellowship.” 

Bearing. Al^stract noun, neuter, singular, 
nominative, subject to “ hath ”, understood 

Fellowship. Abstract noun, neuter, singular, 
objective after “ hath ” understood. 

N B. Parse compound tenses of a verb — e.fj., 
hare been, shall be Icaring, all as one word. We 
could, of couivse, split them up and parse the 
\v(»rds separat(‘ly, but there is no need to do this. 

ANALYSIS 

Complex Sentences. The method of 
analysing simpler sentences was given on page 760. 
Whem wo analyse a complex sentence, we first 
pick out the principal clause, and insert the 
subordinate clauses as parts of the principal 
clause. Then wc analyse the ditferont subordi- 
nate (ffauses, omitting the connecting words. 

For example : 

“ There is some soul of goodness in things e\ffl 

Would men observingly distil it out.” 

Tlie principal clause is ‘‘ There is some soul 
of goodness in things evil,” and the subordinat-e 
clause “ (If) men would observingly distil it out.” 


Subject, i 

Limitation ok 

1 Subject. 

Predicate. 

Limitation of 
Predk’ate. 

OlUECT. 

soul 

(u) .some 
(6) of goodness 

is 

(f/) in things evil 
(/>) would men obser- 
1 vingly distil it out 


men 




i would 

distil 

[a) oliservingly 
(/>) out 

it 


Mind. Abstract noun, neuter, singidar, nomi- 
native because subjt'ct of “doth o’erskip.” 

Much. Adjective of quantity, positive, 
qualifying with “ sufferance.” 

Sufferance. Abstract noun, neuter, singular, 
objective, governed by “ doth o’erskip.” 


Again : 

“ If you catch him when you roach hoihf^, 
give him the message which I will give you ilow.” 

The principal clause is “give him the mes- 
sage ” ; the other three clauses are subordi- 
nate. 


1. Principal Clause 


SUB.IE(T. 

Limitation op 
Subject. 

Predicate. 

. Limitation op 
Predicate. 

Object. 

Limitation op 
Object. 

(you) 1 


give 

(ci) him 

ijt) if you catch 
him when you 
reach homo 

message 

(а) the 

(б) which I will 
jpve you now 
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(f/) If you catch him when you roach homo. 

[ I catch I when you him 

I I I reach home j 

(h) When you reach home. 

' ^ rcacl> I home | 


(^:) Which I will give you now 

! will give I (a) You i vvhich 

! 1 \b) now 


Classification of Clauses. Ah has liecn 
mentioned previously, there ore tliree kinds of 
clau.scs : 

1. Clauses tlial play the pari of a sulistantivc 
in relation to some part of the senl<*nee— /.r., 
i^nbfttanlival clauses. 

2. Clauses that play the ])art of an adjective 
in reflation to some part of the sentence— j.r., 
A djcrtival cla\ises . 

3. Clauses that ))lay the pari of an adveih in 
relation to some j)art of the sentence — i.c.. 
Adverbial clauses. 

Examples. Sltbstantival : “ Wc know 
yon are. tvrong ” (this clause is the object c»f 
“ know ”) ; “ When the election iviU come is 
uncertain ” (this elaiiso is the Hiibjoct of “ is’*). 

Adjectival; “ (live me the portion of g(»ods 
that jalldh to me" (qualities “portion "); “That 
is the spot where Ne.laon jell “ (qualifies “ spot "). 
Similarly with all clauses thus introdueod by a 
relative pronoun (exjwessed or understood) or 
a ndativc adverb. C-are must be t aken, liowcv<‘r, 
to distinguish such clauses from chuisos involving 


an indirect qu(‘slion —as : “Tell nuMr/zm’ Xehm 
jeU" “ I asked 'Where I wa<<" “ 1 know trhy 
you hare come.'' In t}u‘so sentences the di'pen- 
dent clanse.s arc substantival, repn'se/iting 
.^u})stantivc.s ; tluTo is no antet (dent to whicl) 
th(‘y can ndatc. 

.Advkubial : “He died white J yms standi ny 
kd ’ (qualifying “ diial “) ; “ W(^ love Him 

because, lie first loved us" (modifying “ love ' ) ; 
“ Do as 1 tell you “ (modifying “ do “). 

Exkrcisk. 

Classify the subordinates clauses lu the 
following extract from Scott's “ Lay of llie Last 
Minstrel,” and parse the words in italics. 

“ Hut when lu* reached the hall of state. 
Where she and all her ladies sate, 

Perchance hc! wislied the boon denied ; 

/’or, when to turn* his hary lu* tried 
Hi.s tremblimj hand had lost the (\is(^ 

U7//(7/ marks security to pleasi*,*’ 

Note. On page IIH.!, line 21) in the sceon i 
column, in should l>e than 
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NUMERALS 


1. Cardinal Numbers 


1. The cardinal numbers (adjeetijs nnmcraax 
cardinaux) are : 


0, zero 

1, un 

2, deux 

3, trois 

4, quatre 

5, cinq 
t), six 

7, sept 

8, huit 
9i neuf 

1U» dix 

11, onze 

12, douze 

13, treize 

14, quatorzo 

15, quinzo 

16, seize 

17, dix-sept 

18, dix-huit 

19, dix -neuf 

20, vingt 


21, vingt et un 

22, vingt-dcu\ 

23, vingt -trois, ete. 

30, trente 

31, trente et un 

32, trente-deux 

33, trento-trois, (‘tc. 

40, quarante 

41, quarante ct uii 

42, quarante-deux 

43, quara.nto-lrois, etc. 
50, einquante 

61, einquante ct un 

52, cinquante-deux 

53, einquante- trois, cLj. 
60, soixanto 

Cl, soixanto et un 
02, soixanto-deiix 
63, Roixante -trois 
04, soixante-quatre 
(55, Roixante-cinq 


60, soixaritc-six 

67, soixante-sept 

68, soixantc-huit 
60, soixante-neiif 

70, soixante-dix 

71, soixanto ot onze 

72, Boixante- douze 

73, Boixante-treize 

74, Hoixantc-quatorze 

75, Boixante-cpiinze 

76, Boixante-seizo 

77, Boixante-dix-sept 

78, Boixantc-dix-huit 
70, Boixante-dix-n(‘\if 

80, quatre- vingts 

81, quatve-vingt-un 

82, quatro-vingt-deux 


‘SO, quatro-vuigt-neul 

00, quatre-vingt-dix 

01 , quatre- vingt-onze 

02, quatre-vingt-douze 

03, quatro-vingt-tnuze 

04, quatro-vingt- 

quatorze 

05, quatre- vingt -quinzi 
00, quatre- vingt -seize 

07, quatre -vingt -dix- 

sept 

08, qmi,tre-vingt-dix- 

huit 

00. quatre-vingt-dix- 

lU'Uf 

100, cent 

101, cent un 
200, deux cents 


83, quatre- vingt-trois 

84, qiiatrc-vingt.quatre201, deux cent un 

85, quatre- vingt-cinq 1,000, rnillo 

86, quatro-vingt-six 

87, quafcre-vingt-sept 

88, quatre-vingt-huit 
2. Tho old forms 


1.000. 000, un million 

1.000. 000.000, un mil- 
hard 

for 70, 80, 00, seplantt , 

iKtanle, nomntef are Boldom seen in print, but 
may occasionally be heai’d. 'Uheir derivatives ; 
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sepluaginaire, octoginaire, nonagenaire are ttiU 
in common use to designate person? 70, 80, or 
90 years of age. For aoixanie the corresponding 
form is aexflgemire. 

3. The conjunction et is used in the first 
number of every new decade from vingt et un, 
21, to aoixante et onze, 71. It is not used after 
centi hundred ; cent cinq^ 105 ; cent vingU 120 ; 
but by some it is again used after vnUhy 1,000: lea 
Milk et une the Thousand and One Nights. 

4. No preposition must be placed between 
the cardinal number and a noun ; but de is 
required after million and milliard, which are 
really nouns : Deux millions de francs. For 
this reason they have un before them when used 
in the singular, and they take a when in the 
plural. Cent and milk are occasionally used as 
nouns of measure, and then follow the same 
rule : deux cents de poires, un milk de fagots. 

5. Vingt, twenty, and cent, hundred, take s 
when they are multiplied by a number, but not 
followed by one. As regards vingt, a occurs 
in the one number 80 only : quedre-vingts, deux 
cents ; but qmtre’Vingt-un, deux cent deux. 

6. When vingt and cent are used as ordinal 
numbers, or when they occur in dates, they do 
not take a : tan qnatre-vingt, the year 80 ; tan 
huit cerU, the year 800 ; page qu/itre-vingt, page 
80 ; mge deux cent, page 200. 

7. When the Avord thousand occurs in* a date 
of the Christian ora, and is followed by another 
number, it is written mil : mil neuf cent cirui, 
1905 ; but tan milk, the year KXX). 

8. The cardinal numbers, and not the ordinal 
as in English, are used to indicate the order of 
succession of sovereigns and the days of the 
month, after the first : Chdrles deux, Henri 
guatre, k trente juilkt, le quinze noverrihre. In 
indicating the order of sovereigns, no article is 
used before the numeral. In indicating the day 
of the month, an article is used before the 
numeral, but no preposition after it. 

9. In dating letters, figures are commonly 
used. The use of the article before them is 
optional. Sometimes ce (thifj) is used. Thus: 

London, May 28th : Londrea, 28 tnai. Londres, 
le 28 mai. Londrea, ce 28 mai. 

10. In indicating the hour of the day, 
“twelve’’ is not used. Midi (midday), and 
minuit (midnight) are used instead. 

H. In multiplying and adding, the verb faire 
(to make) is used instead of “ to be.’’ 

Deux fois deux font qmtre. 

Twice (two times) two 6re four. 

Neuf et aept font seize. 

Nine and seven are sixteen. 


II. Ordinal Numbers 


1. The ordinal numbers (adjectifa numeraux 
ordinaux) are formed from the cardinals by 
adding idme : troiakme, third ; huiiiime, eighth. 

2. If the cardinal number ends in e, that e 
is omitted. The a of qmtre-vingta is also 
dropped, quatrihne, 4th ; onzieme, 11th ; quatre- 
vingtihne, 80th. 

3. “ First ” is premier ; but the regular form, 


uniime is used for thp first of every decade 
from 21st to 01st, and also after cent and milk. 


Vingt et^ unihne, trente et. unikuntt cent et unihne^ 
milk eiunihne, 

4. “Second” has the two forms second, 
(fern, aeconde) and de^tme. Second is used of 
the second of two, deuxiime of the second in a 
longer series. 

5. In “ fifth ” the u which is the only vowel 
that can follow q is inserted : cinqukme. 

6. In “ninth,” the final / of neuf is changed 
intou: neuvihne. 

7. Premier is used for “first” in indicating the 
order of sovereigns and the day of the month : 
Ckarka premier, le premier janvier ; but le vingt 
et un juilkt, le trente et un ao4t. 

8. A special ordinal, k quantiime (literally, 
the '' how-manieth ”) is used for “the day 
of the month ” ; thus : Quel eat k quantiime ? 
What day of the month is it ? 

III. Fractions 

1 . The ordinal numbers are used as fractions, 
except in the case of J, J, f, J, J. Thus : 
un aixiime, 1 ; deux cinquiimes, J. 

2. “Half” is demi^ It is masculine as an 
arithmetical value. When preceding a noun 
it is joined to it by a hyphen, and is invariable : 
une demi-bouteilk, half -a -bottle. When it follows 
the noun it agrees with it in gender : une 
houteille et demie, a bottle and a half ; troia 
heures et demie, three hours and a half. As a 
noun, “ half ” is tnoitie : Ui moitie de la nuit, 

.7. The “ thirds ” are un tiers, deux tiers ; 
the “ quarters ” are un quart, troia quarts. 

Exercise XII. 

1. Write out in French: 3, 5, 7, 11, 12, 15, 
19, 21, 22, 30, 31, 44, 55, 58, 00, 69, 70, 71, 80, 
89, 91, 99, 100, 210, 350, 789, 911, 999, 1,234. 

2. Give French for: Ist, 2nd, (two ways), 4th, 
5th, 9th, 20th, 21st. 32nd, 45th, 51st, 66th, 70th, 
71st, 80th, 81st, 89tli, 90th, 91st. 99th, 100th. 

3. 1 and 1 are 2, and 2 are 4, and 4 are 8, 
and 8 are 16, and 16 are 32, and 32 are 64, 
and 64 are 128. 

4. Twice 1 are 2 ; 3 times 2 are 6 ; 4 times 
6 are 24 ; 5 times 24 are 120. 

5. The minute contains (contient) 60 seconds. 

6. The second is the 60th part (partie) of a 
minute. 

7. (The) light takes {emphie) 8 minutes 13 
seconds to come {venir) from the sun. 

8. In an hour there are 60 minutes. 

9. Tlie day is a period (espace, m.) of 24 hours. 

10. From midnight to midday there are 12 
hours. 

11. The year is composed of 365 days and a 
quarter. 

12. The week {aemaine, f.) has 7 days ; the 
month has sometimes (qu^uefoia) 31 days, some- 
times 30 days, and sometimes 28 only (aeulement), 

13. The month of February, the second 
month of the year, has 28 days. 

14. The year begins (on) the let of January ; 
it finishes (finit) on the 3l8t of December; 

15. The month of December is the last month 

of thenar. - ; 

16. The feast of Christmas falls always (on) 
the 25 th of December, 
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17. The twentieth century began (haa begun) 
on the 1st of January, 1901. 

18. What day of the month is it ? It is the 
Ist of December. 

Key to Exercise X. 

1. II n’y a pas de grandes maisons dans 
ce village. 

2. Ces grands arbres sont des chOnes. 

S. Ces enfants sont les fils de cet avocat. 

4. Cette maison-ci est plus vieille que cotio 
maison-1^. 

5. Cet enfant est I’cldve le plus applique de la 
‘classe. 

C. Avez-vous parle a co monsieur et a ecs 
dames ? 

7. Pouiquoi avez-vous mis mes livres sur 
cette table ? 

8. Votre frerc a achetc ces chevaux. 

9. Ce p3tit gar^on et cette petite fille sont 
tr^s aimables. 

10. Je n’ai pas encore lu cos journaux. 

11. Quand ces enfants sont sages leur mere 
est heureuse. 

*- 12. Nos pirents sont nos meilleurs amis. 

13. Cette demoiselle a les chovoux noirs et 
les yeux bleus. 

14. Le gxrgon parlo a sa mere et sa sarnr 
parlc ^ son pire. 

Key to Exercise XT. 

L’histoiro naturello (Studie les plantes, les 
min(?!raux et les animaux. Les plantes ou 
les vegetaux composent le regno v^‘g6tal. Les 
plantes sont semees sur la terre comme les 
6toiles dans les cieux. Les mineraux sont des 
corps dans I’interieur do la terre. Los meiaux 
sont des mineraux. Dans Thistoiro naturello 
des animaux une varieto infinio d’etres vivants 
passent devant nos yeux. Les csp6ces d’ani- 
maux sont plus nombreuses quo los esp^ces do 
plantes. l-<es animaux les plus utiles aux 


hommes sont les animaux domestiques. Parmi 
les animaux domestiques il y a les chevaux, 
les &nes, les bceufs, les vachos, les brebis et les 
ch^vres. Les chevaux sont hers et fougueux, 
mais ils sont aussi dociles que courageux. Les 
chevaux sont plus elegants que les anes et 
que les bceufs. Lours orcilles sont moins 
longues que les oreilles des anos. Elios ne sont 
pas si cotirtes que les oreilles des bauds. 11 y a 
des chevaux sauvagos. 11s sont plus forts, 
plus legers, plus nervoux ({ue les chevaux 
domestiques, mais ils sont moins utiles. Lc^s 
anos sont bons, sobres et utiles. Ils sont aussi 
patients et aussi tranquillcs que los chevaux sont 
iicrs, ardents ot impetutmx. Los chiens sont 
aussi des animaux domestiques. II y a des 
chiens sauvagos, mais ils sont fcroces. Ils 
sont aussi feroccs que les loups et que les chacals. 
Les ch^vres no sont pas si utiles aux hommos 
que les brebis, mais elles sont trds utiles. Leur 
poil est plus rude que la lainc des brebis. Elies 
sont plus fortes, plus leg^res, plus agilcs quo 
les brebis. Elies sont vivos, robustes, capri- 
cieuses et vagabondos. Parmi les animaux 
sauvagos les lions et les tigres sont les plus 
feroccs ot les plus cruels. Les renards sont 
sauvagos aussi, mais ils ne sont pas si fm>ces que 
lea tigres. Ils sont moins feroccs quo les 
ehacals. I-ica li^vres sont sauvagos, mais ils 
ne sont pas nuisibles. Ils sont extrememont 
timides. Les ecureuils aussi sont do pet its 
animaux fort timides. Ils sont tn'js jolis ot 
tr6s int6re8Hants. Ils mangenl^ des fruits, des 
amandes, des noisettes et des glands. 1 1 n’y 
a pas d’ ecureuils dans les champs. Ils sont 
dans les bois, sur los arbres comme les oiseaux. 

Note. On page 1180, Exercise VI., the English 
translations of mie ecMrie and me Stable are 
transposed. The English for vne ('curie should 
read “a stable for horses”; and that for une 
etable “a stable for (jattle.” 


Continued 


GERMAN By R G, Konody and Dr. Osten 


XXI. The Infinitive Past of the verbs 
is constructed of the participle past of the 
verb and the infinitive present of the auxihary 
verb ^abeu or feiu; for instance: Uuifcn, to run 
(with fein); Icbcu, to praise (with l;abcn): ^claufeu 
fein ; adebt babeit. 

XXII. Weak Substantives have only one 


Feminines undergo no alteration in the singular 
[see Vl.,2], and take the inflection only in the 
plural. Some neuters also take the weak inflection 
in the plural; but having the inflections of 
the strong declensions in the singular, they 
belong to the group of the tnixed declension 
[see V., 1). 


Table of the Weak DECLENsiOiN. 


10 . 11 . 

8 . 1 . ber SWenf(i^, [the] man| ter the messenger 

2. te«9)lenf(3b-en, of [the],, of the „ 

3. tem33Tcnf(^-rn,to[the]„ bem53otc-ii,to the „ 

. 4. ben!9Weiifd;-en, [the] „ bcn0cfc-n, the „ 

PL I, bica)lenfdb-en, [the] men bie^otf-n, themessengers 

2. berSWenfd^-en, of[tho]„ bev59otc-n, of the „ 

3. bett?Wcttf^-en,to[the]„ ben55cte-n, to the „ 

4 . bleSWenfd^-en, [the] „ bic©ofe*ii, the 


12 . 

bic Svau, the woman 
ber Svau, of the ,, 
berffrau, to the „ 
bie Srau, the „ 
bic5rau-en, the women 
bcr5rau-cn, ofthe „ 
bcn Srau-cn, to the „ 
bicgrau-cri, the „ 


13. 

Die (Sfabeb the fork 
ber ®abd, of the ,, 
bcr®abeb to the 
bie (^abeb the „ 
bie0abel-ii, the forks 
|bcr(Mabcl*u, of the „ 
bctt®abet-n, to the „ 
'bicOlabel-ii, the „ 


iiiflection (-en or -n) in the genitive singular, 
which is retained in all other cases of the singular 
and pluraU To this declension in both numbers 
b^ong oxJy substantives of masculine gender. 


1. Substantives ending in -e, -el, -r, take the 
inflection -rt ftable above, 11, 13]: ber the 
- lion, 8. 2. be^ Jbirc-n ; bie ^d&tvcft e r , the sister, pi. bie 
; bie ffeber, the pen, p/. bie JJcbcv-n ; 
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etc. All others take -cu, except tev .^cvv, the 
master, gentleman, which adds -n in the singular 
and -cn in the plural: sing. 1. bev .^cvr, 2. bee 
,3. tem .S>crr-ii, 4. ben A^err-n ; pi. 1. bic 
A>ciT-fn, 2. bev .fecvr-cn, 3, ben .^^erv-en, 4. bie A^evreu. 

2. To the weak declension belong all masculine 
substantives (a) ending in -e, except bev .Hvife, 
the cheese, which takes the strong declension; 
(6) those which have dropped this original final 
sound (bcv A>ivr[e], the shepherd ; ber 3d)iiti[el 
the rifleman; bcv 'Biivfch[c|, the lad; bcv tHlptfc], 
the ancestor, etc.); (c) representatives of 
nationalities, countries, and towns (bcv 'i^viicv, the 
Bavarian ; bcv lln\^viv, the Hungarian ; bcv ^Ih'nnncv, 
the Pomeranian ; bcv 3c(H'ttc, the Scotsman ; bcv 
.Hrhd', the Cos.saek ; ber Jlhijfc, the Russian; bcv 
.H'affcv, the Kaftir; etc.), if the denotation is not 
dfTived from nationalities, countries, towns, etc. 
by tlu^ suffix -cv (bcv (^luV^hib-cv, the Englishman; 
bcv :Avlaub-ov, the Irishman; bcv Vi'iibou-cv: bcv 
'Ihvliu-cv ; bcv 'hMcn-cv, the Viennese ; bcv ^cf^rci^-cv, 
tlie Swi8a,v[3ct)ii'ci^, Switzerland]; bcv A})cl(di!b-ci, 
th(‘ Dutchman)*; [d) many masculine suhstan- 
tives of foreign origin ending in -aiit, -at, -ct, -cut, 
-ipavb, -if, ‘ift, -i\v -nem, and -ovl) (bcv I^iamaut', 
tile diamond; bcv ^.Ivalat', the prelate; bcv .Hornet', 
the comet ; bcv 'Ihiticnt', the patient; bcv (Mco^vavl)', 
the geographer; bcv .Hatlu'iif', tlu^ catholic; bcv 
bHlfoIu'lift', thcalcoholist: bcvCMcolo^V, the geologist ; 
bev ',’1 ft venom', the astronomer ; bcv "^tlhlofovh', the 
philosopher). 

3, Most feminine sulistantives belong to the 
weak deoleiision. All feminines ending in -cl 
and -cv (except bic 9J?uttcv and bic ^oihtcr, which 
are strong and form the plural hy modi tieat ion 
of the vowel: bic 3)luttcv, bic Jbebtev) take the 
weak inflection, whilst the maseuline.s and 
neuters ending in -cl and -cv take the strong 
deelensive terminations. Examples: bic .tliu^cl, 
the ball, pi. 1 . bic ,HU}V'l-»; bcv 'lh\^cf, the bird, 
s. 2. bfi’( 'bci^cj-o, pi. 1. bic 'ih\tcl; bvio Ubfl, tin' 
evil, s. 2. br?libcl-o, pi. i. bic libel; bic Vlbcv, the 
vein, pi. 1 . bif ^Ircv-n; bcv Vlrlcv, the eagle, 
f». 2. bcc< Vlblcv-i\ pi 1. bic Vlblcv; bao .Hloftcv, the 
•onvent, s. 2. bcot .Hloftcv-e*, pi. 1. bic .Hloftcv. 

XXIII. To the Mixed Decdexsion [see 
V., 1] with strong inflect ion in the sivguhr and 
wpak in the plural belong several masculine and 
neuter substantives (the feminines take no inflec- 
tion in the singular). Some of the.se nouns are: 

(w) The masculines; bcv OHvattev, the god- 
father; bcv Vovbcev, tile laurel; bcv 3J?iiofcl, the 
muselc; bcv '3Icvi\ the nerve; bcv 'Ibalm, the 
p^alm; bcv 3vovn, the spur; bcv >Jvdimcv^, the 
pain, grief ; bcv 3cc, the lake ; bcv 3tavit, the 
state; bcv 3tadich the sting; bcv 3rrahl, the ray; 
bcv llntcvtf^ni, the subject ; bcv 'Better, the cousin ; 
bcv Aifvat, the ornament; bcv 3int<, the rent, the 
tax ; etc. iTcv ^Tovn, the thorn, bcv SHaft, the mast, 
and bcv Bfau, the peacock generally take the weak 
plural with the suffix -cu, but may also form the 
plural by taking the suffix -c: pi. 1. bic ^Tovu-cu 
(I^oru-f), bic SWaft-en (3Dlafl-c), bic Bfau-cn (']]fau-e). 

(ft) The neuters : bao ?luv^e, the eye ; ba^ Bctt, 
the bed; ba^ (iiibc, the.end; ba<^ «&cmb, the shirt; 

Vcib, the grief; bav^ Cfiv, the ear; bai? tEfich, 

- * These take the strong declension. 

i«22. 


the woe, anguish ; and several nouns of foreign 
origin: ba^ 3nfeft', the insect; ba^ Statut', the 
statute ; ba^ 3umcl', the jewel ; etc. 

(c) Masculines of foreign originVith unstressed 
final syllables ending in -i, -n, -cv. For instance; 
bcv .HoVfiil, the consul; bcv id'mcii, the demon ; 
bcv T'enev; bcv B^effev, etc.; pi bic dbcn'fuln, 
bic T)anio'ncn, bic T)cfto'vcn, bic Brofcffc'rcn. Nqte 
the change of stress where the plural is formed 
by the suffix -eii. Substantives of foreign origin 
with the stressed termination -cv take the strong 
declension with the suffix -e in the plural 
fXVI., 2, c] without change of stress; bet .ipumcv'/ 
the humour ; bcv ,Hovvibcv' ; bad ffilctcov', etc. ; pi 
bic A>umo'vc, bic .Hcvvibo'vc, bic SKctcc'vc, etc. 

(d) The masculines: ber S^viebe (Svicben), the 
peace, bcv Runfc (Ruufen), the, spark, bcv Olcban'fc 
(Webanfen), the thought, bcv OHaiibc ((Mfaiibcn), the 
faith, bcv A>aufc (A'^aufen), the heap, bev '.Hvimc, 
('.Uamcn), the name, bcv 3amc (3anicii), the seed, 
bcv 3d)abc (3d)vvbcn), the damage, bcv 'liliKc, 
(iliUllci!), tlie will are used alternately with both 
terminations, but the first form alway.s takes 
the strong declension of the form in brackets; 
s. 1. ba* Bame (or 'Jtamcii), 2. bed 9tamcu-d, 3. bem 
'JKvmcu, 4. bcii '.Uantcii ; pi. 1, bic stamen, etc. 
Another noun with similar irn^gular declension 
is bad A‘'ifv^, Uk^ heart, s. 2. bed A‘')cv^-ciid, 3. bem 
.^icv^-cu, 4. bvid A>cv^; pi. 1. bic Aoevven, etc. 

XXIV. ('OMPOITND Te!^SKS OF VeRB.S 
are formed by the aid of the corresponding 
auxiliary verbs of ttuise. habcu, feiu, and tccvbcu. 

1. ''rhe p(‘rfcet is formed by the participle 
of the verb [see XIV.] and the present imperfect 
of its auxiliary verb [see Table V., p. 740]. 

2. The j)luperfect is formed hy the past imr- 
tiriple of the V(‘rb |see XIV. | and the present 
imperfect of its auxiliary verb [see Table V., 
pp. 740-7 1 . 

Exampi.k.s; laiifcii, to run (strong verb con- 
jugated with feiu*), past participle: v^c-lauf-cn, 
[see XTV.]; Icbcii, to praise (weak verb con- 
jugated with baben), past participle; 

[see XIV.]. 

Present indicative of feiu : id) bin ; sub- 
junetivc; id) fei; imperfect indicative; id) u\u ; 
subjunctive; id) ircivc. Present indicative of 
b a be u : id) babe ; subjunctive : tjabc ; imperfect 
indicative; id>battc; subjunctive: id) bcittc. 

Indicative. Subjunctive. 

Perfect *: id) b i ii c^cla«fcn,cto. f c i gelaufcn, etc 
id) babe ftclobt „ ic^ l)abe gclobt „ 
Pluperfect ; icb u> a v itdaufen „ a r e (jclaufcn „ 
i d) 1) a 1 1 c ^elebt „ () d 1 1 e gdobt „ 

* laufcii being conjugated with to be in German, 
the litoral translation of the Gorman perfect 
and pluperfect would be : I am run, and I was 
run. Note this for all other verbs for which 
differing auxiliary verbs are used: (ic^ biu 
<tcn?cfcn, I am [have] been; icb bin gegangen, I am 
[have] gone ; etc ) 

The rest of the conjugation is easily com- 
pleted with the help of Table V., p. 746, the 
past participle remaining unaltered. 

3. The first future is formed by the present 
of the auxiliary verb iretbcn and the present 
infinitive [IV., 2] of the yerl? itself, 
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4. The second future is formed by the present 
of the auxiliary verb tvertcif and the past infi- 
nitive of the verb itself. [Table V., p. 747, and 
XXL] 

Examples: Present indicative of U'cibeii: 
icfe U'crbc; subjunctive; tocibc. Past participles 
of laufcu and lebcn : cjelaufen and Past infini- 

tives of Unifeu and lebcu : i^'laufcn fcin, v>'U'bt babcn. 

1 ndicative. Suhj n nctive. 

First future ; tr* c v t> c laufcn id) U' c r fc c latifcit 

i(^ U) f r b e (cbeii ic^ w c v b c lobm 

Second id) e r b c ^claufcn c v b c ^ffinifcn 

fuiur.); fcin fciii 

id) IV e r b f ^clcbt id) iv c r b o i^clobt 
babfu babcii 

6. The compound forms ^of auxiliary verbs 
are formed with the help of each other, 'k' c v b c ii 
is used for the future tenses of all the throe : 
id) IV e r b c fcin, baben, ivcvbcu, and id) iv c v b c i^civcfcii 
fcin, babcii, iyivcvbcu fciii; whilst in the 

perfect and pluperfect fcin is conjugated with 
itself: id) bin v^civcfcn, and id) ivav i^civcKii; 
ha ben also with itself: id) I)abc ^wid id) 

hattc ^chabt; and ivcvbcn with fcin: id) bin 
vV'vvvbcn, and id) ivav ^V'''>‘-'vbcn. 

G. The past participle of Iv c vb cn — oi;:.. 

e IV 0 V b c n, is only employed where the verb is 
used independently; wlu^n used as an auxiliary 
verb it casts off the prefix and reads : iv v v b c n : 
(5‘v ift 'f^iivoicvinciftcr vicivcvbcn, he has become 
mayor; but: cv ift pun 'f3ui\vnnciftcr cvnannt 
ivcvbcn, he has been ruminated mayor. 
EXAMINATION PAPER VII. 

1. Which inflection is characteristic of the 
weak declension, and when is it takem by 
masc., fern., and neuter substantives ? 

2. Of which gender are the nouns that generally 
take the weak declension ? 

fl. Which substantives take the weak inflect ion 
with the vowel, and which without ? 

4. Which substantives denoting nationality, 
citizenship, etc., take the weak and which 
the strong declension ? 

5. What is the main feature of the mixed 
declension ? Of which gender are the nouns 
belonging to it, and why can substantives 
of one gender never range in this group ? 

6. Which weak masculine nouns ending in -c 
are also used with another termination, 
and which are the inflections taken by both 
forms in the declension ? 

7. Which weak substantives have an irregular 
declension, and what are their inflections 
in all coses ? 

fi. To which declensions belong the substan- 
tives ending in -el and -cr, and what are 
’ the exceptions ? 

9 In which masculine nouns of foreign origin 
is the stress displaced in the plural ? Which 
is the declension of those with the un- 
stressed, and which of those with the 
stressed termination -cr ? 

10. Is there any diflferenoe in the formation of 
the perfect and pluperfect of verbs in 
English and German ? Are the same 
auxiliary verbs employed for this purpose 
in both languages ? 


11. Which auxiliary verbs of ten^e are used in 
the formation of the perfect and pluperfect 
of verbs ; which in that of the first future ; 
and which in that of the second future ? 

12. How do the auxiliary verbs of tense them- 
selves form their compound tenses ? 

13. What dilTerencc is there in the use of the 
two forms of the past participle of the 
auxiliary verb iv c v b c ii ? 

Exercise 1. (a) Foim the nomiruitive. 'plural 

of the following substantives : 

bev \Hffc, rev .kiuVbc, bev (Mvaf, bev 'I^vv, 
the monkey, the boy, the count, the bear, 
bev Vi'ive, bev 'leaner, bev flivi'be, bev >>flb, 
the lion, the peasant, the raven, the hero, 
bev '>huv, bev •'ba'i'e, bev Cd'fe, bev 'IVucv, 

the fool, the hare, the ox, the Bavarian, 
bev Uiuvu*, bev '2ac('fe, bev (Mvieibe, bev iitvfc; 
the Hungarian, the Saxon, the Greek, the Turk; 
bie Jlu'vV'l, bie 3)lau'ev, bie 'Blu'me, bic ylvi'bcl, 
the ball, th(; wall, the, tlower, ^^^hc needle, 
bie Ae'bcv, bie ivom'mel, bie .Ua^e, bic Vciviii, 

the pen, the drum, the eat, the lioness, 

bie bie tie 'Bau'evin, 

the countess, thesho-wolf, the ]>easant woman, 
bic ivvaiip''ftu, tic Gity^'ldnbevin, 

the Frenchwoman, tln^ Englidiwonuin, 
tie vMvilie'neviii, bie dabl, tic 'V eft, tic/vveube, 
the Italian woman, the number, the post, the joy, 
bie Ju'ipiib, bie bie 'Fftid't, bic tMcfd)id)tc, 

the virtue, the woman, the duty, the history. 

Of the substantives enumeraU^d in XXIIL, 
a. 

(u) Insert t he missing declensi vo terminations : 
bie Ravbe bct^ Vliic\c..; bie 3tval)(.. bev Vamp... 
tlio colour of the eye ; the rays of the lamps ; 
bic Syiik'fcl .... itnb 9icv)? . . ! berf SJlenfd) . . . ; 
the musoles and nerves of man 
bic tc»< Vpv'bcev. . . ; cv vuble aiif(3) fciiieii 

the beauty of the laurel ; he roposijd on his 
i'evbccv . . . ; tie 'Fftid't . . . bcp lliitevrbau . . . ; bic 
laurels; the duties of tlui subject; the 
Untevlbaii . . . bev Riivft . . . luib bev Ruvftin . . . ; 
Hubject.s of tlio princes and of the princesses ; 
im >^d)atte.. beP Jvovft... (bev Roift. . . p/.]; 
in the shadow' of the forest [of the forests p/.] ; 
bic SDlad)t bcp (Mlaube... fvdfti^t (4) bie .)>ev^ . . .; 
the, ^ might of faith stnuigtheiis the hearts; 
ber liberpu^ bep 'Bert. . . [bev ketr. . . | ift bevvlid); 
the cover of the bed [of the beds] is magnificemt ; 
bic 3tdvfc bcp'h'illc. . . bvid't eft bic .Uvaft bet< Vcib . . . 
force of will br(;aks often the strengtli of woe 
mib bfp '3d)mer^. . . ; bie Veib. . . unb ^d)mcv^. . . 
and of pain ; tlic ach{\s and pains 
ii'avcnfd)vcctlid) ; bicRevm. . bcpDl)v. . ftnbvcrfd'iebcn ; 
were terrible ; the forms of the car are different; 
bic Todi'tcv bed Tivef'tcv . . . ; vufc b:n 
the daughter of the director; call [ thou] the 
d>cvv. . . ; bie Tiveftcr. . . veiften niit(3) 
master (gentleman) ; the directors travelled with 
bcinCMvaf. . . ; bie Rvau bcc '^d)ott. . . ; bici'citfd) . . . 
the count; the wife of the Scotsman; the whips 
bcc< Jtofaf...; cv veifte mit(3) eincm 'Baiev..., 
of the Cossack ; he travelled with a Bavarian, 
fiitem (^riedic. . . ilnb ine()vcven Ihiaav. . . 
a Greek, and several Hungarians, 

Continued 
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CYCLOPEDIA OF SHOPKEEPING 

BUTTERMEN. Varieties of Butter and their Qualities. Butter and 
Margarine. Prices and Profits. The Shop 

CARPET MERCHANTS. Capital Required. Premises and Fittings. 
Stock and Side Lines. Buying and Selling 


BUTTERMEN 

Owing to the increasing consumption of butter 
and the enormity of our imports, the retailing 
butterman is becoming more and more a speciiu 
institution. The establishment of shops by 
wholesale firms in all parts of the country, and 
the increased competition for trade has been 
followed by a general reduction in prices of all 
inferior brands and by the manufacture of an 
article which contains double the normal 
quantity of water. For these reasons the 
prospects of those who propose to enter the 
business are not particularly promising. We 
believe, however, that by straightforward 
trading, by making a speciality of fine home 
brands, by giving fair weiglit and exacting only 
a just charge for what is sold, the bu8ines.s can 
always be made sufficiently profitable. Con- 
sumers require uniformity in quality ; hence, 
whatever the brand sold, uniformity must be 
maintained. Butter produced on the farm 
differs often from week to week, and if farm 
butter be sold, it usually becomes necessary to 
purchase it from a variety of makers, with the 
result that in each east* th<»re i.s a variation in 
colour, flavour, or texture. The retailer is, 
therefore, driven to the factory, the creamery, 
or the importer of imported brands. 

Classes of Butter. In the first place, 
the retailer must be expert, capable of recognis- 
ing and valuing any brand or make of butter, 
and the country of its origin ; and, further, 
he should be in a position to know whether 
it will keep, A high-class trade pays best, 
but, while choice brands may bo kept to 
suit wealthier customers, cheaper brands may 
be consistently sold to suit the requirements 
of the working classes. Thus, one of the first 
objects should bo to secure a weekly consign- 
ment from one or more reliable makers of the 
finest English butter, prt'ferably that produced 
from the milk of Jersey or Guernsey cattle, or 
from herds of cows in which these animals 
predominate. At this moment it is almost 
impossible to secure such butter in the retail 
trade. Samples may bo examined at the 
National Dairy Show and the chief agricultural 
exhibitions, and the addresses of the makers 
obtained, but before concluding an arrangement 
the farms where they are made should be 
inspected, and personal relations cultivated. 
This butter should be carefully weighed, packed 
in grease-proof paper in neat rolls and tastily 
made up and finished. Jt should be rich in 
colour, firm in texture, mild, sweet, and nutty 
in flavour, and if always alike, it will not only 
eaptun^, bnt retain, custom and gradually make 
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its M’ay. For a general middle-class trade the 
best Danish and Norman or Brittany rolls, 
Irish creamery and English factory, will suit 
the customer best ; but consignments should be 
frequent, and care taken to prevent the sale 
of a single pound in which the flavour has 
depreciated by keeping. Doubtful makes, such 
as DuU'h, German, and Siberian, had better be 
left alone. Second and third class qualities of 
the makes just recommended may be kept for 
sale to the poorer class of customers. To 
these may be added the finest Australian 
obtainable. The market should be watched 
from day to day, and advantage taken of any 
reduction. 

Buying. Again, one of the certain methods 
of securing a fair profit is that of paying rash and 
securing the trade discount. The importer or 
butter merchant is induced to do his best 
to please a customer upon whom he can always 
depend for immediate payment. Nothing, 
however, is of greater importance in the butter 
trade than a guarantee on every invoice that 
the article sold is pure. This should be insisted 
upon. Again, butter, like all similar goods, 
should bo kept clean and exposed to the air as 
little as possible. TJie atmosphere is filled 
with dust and germ life, both of which are 
deposited upon and necessarily adhere to a food 
like butter, which rapidly taints in consequence, 
while exposure to air and light rapidly changes 
its outside colour. 

One of the chief needs in the equipment of a 
butter shop is a cold room, especially in warm 
W'eather, when decomposition is so rapid, and 
when customers are easily lost by the sale of a 
tainted sample. Butter purchased sweet when 
prices are low may be kept with double advan- 
tage under these conditions. 

The buyer should never bo deceived by 
notices, which are too commonly exposed in shop 
windows, in which second and third qualities 
are frequently described as “ Best creamery,^’ 
“ The finest mode,’’ “ The best dairy,” “No 
better sold,” and the like. This practioe, 
often a dishonest one, is growing, and whili^ it 
may mislead the ignorant, it can be followed only 
by a loss of the best class of oustomors, who eae 
willing to pay for quality and who easily recog- 
nise the petty fraud to which they are froquentfy 
subjected. 

Margarine. Apart from what has already 
been said, the quality of the goods sold should 
be adapted to the neighbourhood in which the 
trader resides. It may be necessary to keep 
margarine, but the greatest care is necessary 
to prevent salesmen making Hie mistake of 
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selling one article for another or of labelling 
marglhrine \rtth a card upon which it is doscribed 
ae butter. A purchaser should never be 
refused, for he may turn out to be an 
inspector. Under the existing law sampling 
is provided for, and no mixture of margarine 
with bfitter is permitted ; margarine, indeed, 
is a mixture of butter and a fat known as 
oleo, which is not produced from the milk 
of the cow. Nor must butter contain an 
excess of water, although the law has not yet 
established a fixed percentage. To be on the 
safe side, however, no butter should contain 
more than 16 per cent, unless the fact is 
announced by label or word of mouth. If 
butter which has been blended with milk is sold, 
the fact must be shown by label, together with 
the percentage of water present. 

Prices and Profits. Butter varies in 
price almost more than any other class of 
food. In the English market town prices 
range from 8d. per pound in summer to Is. 2d. 
in winter. London market prices range higher, 
inferior brands being useless in the wholesale 
trade. Danish butter ranges higher than Irish 
by 7s. to 10s. per cwt., the former varying from 
Is. to Is. 3d. by the lb., and the latter from 
lid. to Is. 2d. ; Australian, Canadian, Argentine, 
Dutch, and Russi'xn are all at least a penny a 
pound lower than the above. Good samples are 
often found among Australian consignments, 
■while of French imports the most important 
come from the blending houses of Normandy 
and Brittany. The best of these are fine and 
mild, while the inferior brands do not keep 
well. The best imported butters come from 
Denmark — these are uniform and keep well. 

Although the cheaper butters are cut low in price 
owing to competition, the profit of the retailer 
is seldom less than 1^. and 2d, per lb., the 
average profit as obtained by the ordinary trader 
ranging from 2d. to 3d. j^er lb. Where butter 
is made up into rolls by the maker there is no 
allowance necessary in surcharging for profit, 
inasmuch as there is no turn of the scale to be 
provided for. Where, however, the retailer 
weighs out each parcel for his customer he 
frequently adopts the objectionable practice of 
making it up behind a screen and incorporating 
water, or deftly gives short weight and so 
provides for the turn of the scale: 

The Shop. In equipping a shop great 
pains should be taken to make it look 
tasty, inviting, and clean. If the trader can 
ai9!wd the expense involved, he will do 
wt^l to take a trip to Paris and examine 
some of the most daintily equipped establish- 
ment in which butter and kindred goods arc 
8 o 1£ His requirements should be explained 
to a firm experienced in shopfitting, but he 
will ..neoessaruy adapt himself to his means. 
\Hi8 premises should be selected in a busy 
thoroughfare, and on the side of the street 
which, buyers frequent for shopping. He 
must then depend upon the quality of his 
Hoods, moderation in price, attention to the 


requirements of customers, straightforward 
dealing, and the invariable practice of keeping 
his word. 

CABINET MAKERS 

The commercial side of retail cabinet-making 
is discussed in the article on House Furnishing, 
which appears later in this course. The prac- 
tical side of cabinet-making receives attention 
in another section of the Self-Educaior. 

CARPET MERCHANTS 

It must be clearly understood that no novice 
can make a suecess of the carpet business. 
Before starting for himself a man must, to 
achieve success, secure as good an all-round 
experience of carpets and furnishing drapery 
as possible. Tliis experience may bo obtained 
in the carix^t department of the large drapery 
houses or in the shop of some retailor with a 
gocKl going business. Moreover, the carpet 
merchant must have good taste, and a true e^e 
for colour, so that he may be able to advise 
customers regarding harmonious combinations, 
and also make an attractive window show, 
with no bizarre effects. It is not advisable 
nowadays to start business in a small way 
with carpets only. These must supplemented 
by rugs, mats, linoleums, felts, trimmings, 
blinds, window curtains and other furnishing 
necessities. 

Capital Required. Assuming that our 
young man with carpet-dealing aspirations 
is of good character and is well known to the 
wliolesale houses, ho may make a very creditable 
start in the retail business with a capital of 
from £400 to £500. With this sum it must 
bo understood that the business he contemplates 
is a medium-class one in the suburbs or in a 
provincial town. With ability, carefulness, and, 
most important of all, a good knowledge of 
the trade, he will in the majority of cases build up 
a profitable and, in some cases, a lucrative 
business. His trade must, first of all at least, 
be for cash only. 

There are three distinct classes of trade to be 
done, all more or less dependent on the neigh- 
bourhood, on personal inclination, and on capital 
at disposal. The first is the high-class trade, 
confined mainly to artistic effects, self-colours, 
and Oriental designs ; the medium, including a 
little of that mentioned, but more of the every- 
day style of goods; and the cheap and showy 
class. The man with £500 and the other 
requisites we have mentioned is well qualified 
for the medium class. 

Selection of Premises. The utmost 
care should be taken in selecting a suitable shop. 
A medium-class trade having b^n decided upon, 
a shop must be looked for in a busy street, next 
door to a draper, for preference, who has 
attractive windows and no carpet department. 
But the fact that the draper neighbour has a 
carpet department need not necessarily cause 
alarm. In such a case the carpet man must see 
to it that his wares are a “ cut above ” those of 
his neighbour. The important point is to settle 
in a neighbourhood of attractive shop windows 
and a busy promenade. A good window is 
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one of the iirst requisites o! the carpet business. 
It should come to within a foot of the ground, 
and be at least 10 or 12 ft. from front to back. 
It must be remembered also that the greater the 
floor space obtainable the better, as the goods 
are bulky, and need room for their display. 

Fittings* The fixtures required are very 
simple, and a handy man, with an aptitude 
for carpentry, could easily fix up the shelves 
required for himself. All thtit is necessary 
is a few lath partitions for keeping the stock, 
and some brass rods or poles on 
which to hang light goods. Nothing 
in the way of elaborate interior 
decoration is ro uircd, for the 
carpets, rugs, linok'ums, and so 
forth, in a diversity of patterns 
and colours, are the best decora- 
tion possible. The linoleums will 
stand well enough by themselves, 
although for unwieldy and for 
very long rolls a warehouse? rack 
such as that illustrated— which is 
a design by Messrs. M. Nairn & Co., 

Limited, of Kirkcaldy and London 
— is a valuable time saver. It 
must be well and strongly madt;, 
as the weight it has to sustain is sometimes 
very groat. But for rolled (?arpets a few 
upright partitions from floor to ceiling, pro- 
jecting about 2 ft. from the wall, arc all that 
18 needed. Oriental carpets are kept folded, 
but other seamless carpets anti linoleums should 
be stood on end along part of the wall. Shelves 
about 3 ft. deep will Ixs found most convenient 
for the breadth goods, and rugs and mats may 
be kept folded on the lower shelves. Any spare 
wall space may with advantage lie covered by 
hanging carjiets and rugs, arranged in tast4'ful 
style. 

The window should be dressed at least once 
a week, and the far-seeing man will make his 
window displays a feature of the neighbourhood. 
A window with all the goods therein in shade.s of 
rose, green, or blue, is magnetic in its attraction, 
but care must be taken that the shades har- 
monise. The remarks on colour harmony on 
page 510 may be noted. Turkey colours make 
a good window display, but what are known as 
ordinary Oriental designs are the most easy to 
use, as they invariably harmonise with each other. 

The rent which the beginner would pay 
for such a shop in a town of good size need not 
be more than £90 per annum, and the fittings 
should not coat more than £30. The best time 
to start is about February, for the? “ season ” 
begins early in March, when the housewife turns 
her thoughts towards that family bugbear — 
“spring cleaning.” 

Staff. To l^gin with, the proprietor will, 
if possible, live on the premises. A man who 
has learned his trade properly will be able to 
measure for, and, if nece-ssary, lay carpets and 
linoleums, and this he will do at first himself, so 
that all the help he requires will be a good 
strong errand boy to deliver the goods. With 
an increasing business, however, he will find it 
advantageous to engage a handy man who can 
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plan, cut, take measures, hang blinds and 
curtains, and lay carpets. There are many such 
useful men in the trade who may be secured at 
from 308. to 35s. a week. The proprietor would 
thus be free to attend to customers, and he 
would have a reliable person to leave in charge 
of the shop during his absence — for "it must 
bo remembered that he must seek for business 
out of doors. Where removals are, there he 
should be, keeping a keen eye on the new-comers 
to the neighbourhood who may want house 

furnishings, and 
unobtrusively 
and politely let- 
ting the public 
generally know 
that he is the 
man for their 
needs. As soon 
as trade will 
pfTiiiit, it is ad- 
visable to em- 
ploy a woman 
to sew up new 
carf)ets and to 
alter old on(*N. 
Tn her spare 
time, if she has 
any, she may 
be profitably 
employed sew- 
ing on tickets, 
dusting, arrang- 
ing the small 
things, and 
doing other light 
work. 

Stock. Small 
capital necessi- 
tates a limited 
and cawifully 
selected stock.- 
ABRA>i(3JSMKNT FOR siocKiNcj Itis|)erhapsbesi 
LINOLEUM AND FI. OOKCLOTII to keep at first 

to seamless 

carpets, or to those made on what is known as 
the Chlidema principle. By this is meant that the 
carjiets are constructed in breadths each of which 
is a complete pattern, and carj)ets of any size may 
bo made by sewing these breadths togiither. A few 
breadths of different patterns will, therefore, be 
necessary. Samples of ordinary breadth carpets 
which are kept in stock by manufacturers can 
easily be obtained, and in most cases these will 
be left on show for some months, and if orders 
are obtained, a fresh selection will be sent from 
time to time. This applies practically to 
all the recognised makes of carpets (except 
Orientals), and to felts and linoleums. Supposing 
that £300 is spent on ordinary stock, it would be 
apportioned somewhat as follows: seamless 
Axminster carpets, £50 ; Brussels squares, £30 ; 
Wilton squares, £20 ; Roman squares, £30 ; rugs, 
£20 ; mats, £10 ; felts, £15 ; Axminster stair- 
carpetings, £30 ; Brussels stair-cai^tinff, £20 ; 
linoleums, £55 ; and sundries, £20. If &ero be 
no one in the neighbourhood who sews up body- 
carpeting, there are several planners in London 
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and other large centres who work for the trade, credit terms may be put at from one to three 
and, failing these, the manufacturers will in most months. 

cases undertake to get the work done for the The average profit on carpets proper may be 
retailor. put down at from 20 to 25 per cent, on the 

A very good show may Ik* made with such a return for the regular selling qualities. Brussels, 
sbick, especially when it is borne in mind that Axminster, tui)(*stry, and Wilton carpets sold 
this by no means represents the retailer s re- by the yard are much cut in pri(je, and if one 
sources. It is not essential that slock b(* kept of these carpets cost, say, 2s. per yard, it would 
of such things as window blinds, trimmings for have to be sold at probably not more than 
furniture coverings, and so forth. A fine selec- 2s. (id. per yard. Thus, a bordered Chlideina 
tion of samples in innumerable f)attcrns will be carpet, nine feet square*, that sells at Itbs. would 
supplied by wholesale houses. This applies also probably cost about 28s. A seamless Kelmscott , 
to serge for tablecdoths, ball fringe, and of the same size selling at. £2 would cost 338., 
cretonne bandings. A box of about 100 samples ahd so on. Naturally, as one gets into the finer 
of these involves no outlay of capital, and gives and more expensive grades profits are higher 
a large selection to th(i customer. Manufacturers in proportion, but the beginner would have to 
will supply pattern books of linoleums, floor- stock at first (lie ordinary sellers, and look for 
cloths and felts, and orders for all lengths will his recompense, on the foreign makes — Indian, 
usually be executed by return. • Turkish, Persian, etc. Large carpet dealers 

“ Orientals.** Oriental carpets are usuaUy protect themselv(*s against this “ cutting ” by 
olitainable on sale or return. If the money will getting makcTs to confine certain patterns to 
run to it, and the neiglibourhood be favourable. them, and if a particularly select pattern is 
a show might be made with a few Turk<‘y, thus restricted to a spe.eitie dealer, the latter 
Pc'fsian, Indian, Japanese, and Chinese cai fKtings can, of course, seeurc; an enhanced profit. On 
— all of which are classed under the head of foreign carpets om? may look for a 331 per 
Orientals. A sum of £30 thus spent would give cent, profit on the return, but the odd lengths 
a profusion of colour to th(5 new establishment. of yard gt)ods must always be kept in con- 
Roman squares, or art squares, as they arc often sideration, for on these j)robably only It) to 
called, are very popular nowadays. In rugs the 15 per cent, would be obtained, 
principal things to select arc hearth-rugs, bed- In buying carpets, as in other things, the 

room rugs, and skin rugs. The stock will have retailt‘r should always keep a keen eye on the 

to include felts in green, i)luc, and crimson, and bargains to be picked up from tlic makers, and 
plain felt for ‘’surrounds,’’ IksuIcs underfelts the smart biiyt*!* will oft(*n morethaneoimter- 
ior putting beneath carpels for rooms and stairs. balanet* his losses in this way. *rhc general 
'rile general widths for stair-earp(*ts arc 22^ and discount to retailers on a monthly account is 
27 in. (.‘hinesi*, Indian, and Japanese mattings 2.1 per e(‘nt. ofT wholesalt* prices. In some eases 

are clieap, mak<* a big show, and sell quickly. discounts even up to 5 ]>er (*eiit. may be secured, 

Side Lines. As a rule, car|)cts are sold and in rare instances IJ to 2J per cent, more 
along with other “ soft goods,” such as furniture maybe given for cash paid on delivery. But 
(joverings, curtain materials, blinds, and; if per cent, off the wholesale price, payable 

successful, this branching out can Ix) carried to in a month, 1} percent, for two months’ credit, 
great length, and will increase the profits. These and net prices after three months, may be re- 
things incliuh^ piece muslins, cii.seraent cloths, garded as the rule. The profits on the furnishing 
Nottingham, Swiss, and net curtains, Madras draperies and other sundries are about 33] 
muslins, etc., of which a fair selection can be per cent., and the skilful man Avill easily oven 
obtained for £25. Then there arc fancy cushions up his total by a judicious pushing of the 
(a few of which add to the attraction of a window more remunerative lines. 

display), table-covers, tablecloths, piece tapes- Linoleums. The chief market in lino- 
trios lor furniture coverings, curtain damasks, IcAuns and floorcloths is in the (!h(*ap varieties 
plain serges (for table-covers and for portieres), costing from fid. to Is. a square yard, and 
cretonnes and chintzes, all of which will absorb yielding profits of from 2d. to 4d. or fid. a 
another £40. Lastly, about £15 worth of general square yard. The higher qualities of surface 
trimmings, such as curtain-loops, tie-backs, etc., pattern linoleums have been killed by the 
>vill be found necessary. Other oddments not to inlaid patterns— so called- -which retain their 
be neglected are Japanese screens, Japanese tea- patterns until worn to the canvas backing, 
trays, paper-baskets, w’orkbaskets, all of which It is probable that inlaid linoleum will be 
cost little. Hassocks are made up from waste made in ever cheaper and cheaper qualities, 
cuttings. Waste mitres from the corners of the At present retail prices range from 38. to 48. 
borders of breadth carpets are made up into a square yard, showing a profit of 20 to 80 
acuttle-:nats, while odd Brussels cuttings may pt?r cent. Occasions often arise of buying 
be made up into slippers. “job” linoleums-— f.r., short length remnants 

Credit, Prices, and Profits. The man or pieces with slight faults— at a good deal less 
with a good record and a banking account than regular prices. Some new firms are oven 
will have little difficulty in getting assistance given to manufacture “jobs” — that is, to sell 
in the way of credit from the wholesale houses. j)erfect goods as job, so as to maintain output 
These are matters of arrangement, and vary ac- and get into the market. Such occasions con- 
cording to the circumstances, but the usual stitute the buyer’s opportunity. 

Continued 
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By Professor JAMES LONG 


J-JAY i» produced from the mixed herbage of 
the meadow— -from clover, mixtures of clover 
and particular grasses, froilf rye grass, timothy 
grass, both of which are occasionally sown 
alone, from lucerne, and from sainfoin — by the 
aid of the sun and the wind. When green oats, 
rye, or vetches, are cut and dried in a similar 
manner, they are also frequently described as 

The dried grass of the meadow is known as 
meadow hay ; hay of other kinds is usually 
described as mixture whore the plants composing 
it are mixed, or by the name of the particular 
plant which has been cut. Hay is chiefly 
employed as a food for horses, cows, and sheep. 
Growers within reasonable distances of large 
towns send their best hay to market in trusses 
of 56 lb. each, 36 trusses forming a load. Tlie 
trussed hay 
which has been 
pressed weighs 
volume for 
volume 60 per 
cent, more 
than hay 
trussed by 
hand. When 
hay is cheap, 
as it has been 
for some few 
years, it re- 
turns a very 
small profit to 
the grower, 
the average 
English yield 
being only 24 
owt. to the acre 
in the case of 
meadow hay, 
and 29 cwt. in 
the case of 
clover and other artificial grasses. When less 
than 508. a load is realised for a good sample it 
is wiser to feed the crop to stock on the farm. 
Hay is not likely to rise seriously in price in the 
near future owing, in part, to the fact that with 
a substantial rise large consignments are sent 
from abroad, thus ensuring a fall, and, in part, 
to the fact that the motor-car is so largely taking 
the place of the horse. In grass counties, as in 
the West of England, hay forms the chief winter 
ration of 4^e cow and the flock ; in arable 
counties meadow hay is but little grown, the 
cattle being chiefly fed upon roots, straw, cake, 
and corn. 

Qualitlea of Good Hay* The best hay 
is produced from early-out grass. The great 
mejority of farmers prefer to out later in the 


hope of obtaining a greater weight per acre ; 
but this extra weight, tangible though small, 
is accompanied by inferiority in the quality. 
The seeds are in large part formed in lato-cut 
grass, and, although small, contain the chief 
feeding properties of the plant, but they are 
largely shed. What therefore remains in stem 
and leaf is tough, stringy, and little better than 
straw. Good hay should not only be highly 
mltritious, but fragrant, green, and tender, 
and this may bo secured while the grass 
is still young and succulent. When grass 
is cut early, a larger and much more valu- 
able after -growth is obtained, while the work 
of the farm is advan(!<‘d. On the contrary, 
when it is cut late, not only does the quality 
suffer, and consequently the market value of 
the crop, but the after growth in dry seasons 

becomes very 
scanty. The 
fragrance of 
hay depends 
partly upon 
the grasses of 
which itiscom- 
])Osod, partly 
\ipoii the skill 
exercised in 
making, and 
partly upon 
proper heating 
in the stack. 
Greenness is 
secured chiefly 
by wind -dry- 
ing. When the 
sun is powerful, 
hay is easily 
bleached unless 
it is quickly 
handled and 
carried, but 
even tlien tlio colour is not so perfect as 
when it is dried chiefly by the aid of a warm 
wind. There are many buyers who prefer 
brown hay — i.c., hay which has been sun-dried 
and properly heated in the stack. 

Effect of Rain and Time. Both 
colour and fragrance as well as feeding value 
are lost where hay has been wetted by rain, 
or when it is carried and stacked before it 
is sufficiently dry. If carried when too dry, 
fra^auoe and succulence are lost altogether 
with colour and flavour. Rain, however, is the 
greatest enemy to hay, inasmuch as it not only 
washes out the soluble albuminoids and other 
feeding materials, but there is a danger of mould 
in the rick. Old hay is fuller in fragrance and 
deeper in colour than new hay, and as with time 
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it settles in the rick, it weighs more per cubic 
foot. Apart from the points to which we have 
referred, the quality of hay depends upon tlie 
herbage from which it is produced. There should, 
for example, be no plantain, Yorkshire fog, dock, 
knapweed, and little of the inferior grasses. In 
all samples of meadow hay, clovers should form a 
large proportion. The feeding value of hay may 
be estimated from the following analyses: 

Analysis of Vauious Hay Cuors 
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Chemical Constituents of Hay. 

According to Warington — a good authority 
— a crop of meadow hay weighing tons 
contains 49 lb. of nitrogen, 60*9 lb. of 
potash, 32 lb. of lime, and 12*3 lb. of 
phosphoric acid ; while a 2 ton crop of 
red clover hay contains 98 lb. of nitrogen, 
83*4 lb. of potash, 90 lb. of lime, and 
24*9 lb. of phosphoric acid. Thus, the 
hay crop removes from the soil as much 
nitrogen and a groat deal more potash 
than a crop of either wheat, barley, or 
oiits, while a crop of clover removes nearly 
tw'ice as much nitrogen, more than Uvice 
as miujh potash, and slightly more phos- 
phoric acid than either of these cereal 
crops. The same chemist points out that 
a crop of meadow grass weighing o tons 
and eapabli^ of producing U tons of hay con- 
tains 2,(U3 11). of eombiistible material — carbon, 
hydrogen, nitrogen (49 lb.), oxygen, and sulphur 
-and 209 lb. of mineral matter (ash), chiefly 
potash, lime, and silica, the balance being water. 
From these figui*es wo can practically gauge the 
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manurial value of hay as compared vvitli other 
foods. Taking cotton cake as representing 
1,0(K), clover hay is placed at 345 and meadow 
hay at 235. Thus, weight for weight, meadow 
hay of medium quality is practically equal to 
the cereals, and much superior to the cereal 
straws, while mature clover hay is 
fuipcrior to either, (jhiefly owing to 
its richness in nitrogen and potash. 

Cutting the Crop. In 

making clover hay it is important 
to collect the crop before the 
leaves liave become loo brittle, 
iiiaKmu(;h as they break up by 
handling, to the great loss of the 
farmer. It should be a rule in 
cutting to mow no more than can be 
mastered should rain threaten. A 
crop had better be cut; late than 
made in wT-t weather, when it is 
too easily destroyed. Hay under 
hand should be no larger in quantity 
than can be put into the cock at 
very short notice. In this form 
hay is practically safe from destruc- 
tion unless wet weather continues. 
On the return of the sun, the cocks 
should be moved or opened, not 
only that the hay itself but the 
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ground upon which it has stood may be dried. 
In parts of the north of Tiritain it Is common 
to cover the haycocks with a compressed paper 
cap or shield. In other parts, where wet weather 
prevails the hay is made into small stacks 
weighing about half a ton. These stacks are 
skilfully loaded upon lorries when lit to carry, 
and removed bodily to the rick on to the top 
of which they are elevated. In Sweden, as we 
have seen, it is a common practice to hang 
grass upon horizontal poles that it may be 
air-dried in the absence of sun and wind, but 
the labour involved is considerable. 

Mowing. Hay was formerly cut by 
the scythe, but in these latter day.s it is 
almost universally mown by a machine which 
practically covers an acre in an hour. The 
M(;ytho niake.s clcaiKU* work, and damages 
the hay loss, but mowers are now' seldom to 
be found, and even where they are necessary 
the w'ages they require are much too large 
to permit of the practice being continued. 
Where a crop of gras.s is light and the w'eather 
fine, it is often dried in a few hours, drawm into 
windrow's witn n horse-rake, and carted to the rick 


without any hand or machine 
w ork whatever. A good crop, 
however, after lying in the 
swathe sufficiently long for 
tlu3 upper surface to be 
partially dvied, is turned 
over by men armed W'ith forks, 
or by the modern implement 
known as the swathe-turner. 
In due course the partiafiy- 
mado hay is then shaken out 
by the men or by hay tedders, 
drawn by one horse and driven 
by a boy. 

Raking into Wind* 
rows. It is subse({uently 
raked into wundrows, and 
when, in the judgment of the 
farmer, it is tit for the rick, 
the carts arc loaded, it is 
drawn to the stack -side, and 
either lifted by hand, by a 
mrdlo, or a i)air of gripping 
irons fixed on a pulley, or by 
the commonly ust^d elevators.- 
“Hay in the w'ind^ow^ or even before* windroWwS 
have been made, if it is lit, is by many advanced 
or progressive farmers dragged to the rick by an 
American swi'ej) drawn by a pair of horses, so 
that hauling ('ither by cart or waggon is un- 
necessary. In some eases, too. an im}>lemc!\t 
which is attached to a waggon is employed to 
take up hay as it passes along the' windrows, but 
the former plan may b(‘ regarded as tlie better. 

Loading. Und(‘r ordinary circumstances, 
the bay is loaded into carts or w'aggons by 
men known as pitchers, om* on ('ither si(h‘. 
two load(‘rs being employed on a waggem 
and one on a cart. In this ease* ('acli vebiidc' 
is followed l>y rakers drawing a hand-drag, 
and suhsc(jucntly }>y the horse-rake, by the 
aid of wliieh the fiehi is thoroughly cleared. In 
all these matters judgment is rc(piired, not only^ 
to prevent partial dcstruetion of the crop, but 
to ensure quality^ 

Stacking. A slack of hay varies in 
weight per cubic foot in proportion to its 
age, its composition, how far it has heated, 
and in aoc^ordanee with th(^ j)art from which 
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it is out. Thus, in the centre of a rick, 
hay weighs . much more than at the top or 
the outsides. When it is well heated, fer* 
mentod, or sweated, from 8 to 10 cubic yards 
will weigh a ton, more being required in new 
hay than in old, or in loose hay than in that 
which has well settled down. Thus, experience 
is required both in selling and buying ; it is 
consequently wiser for the inexperienced to .sell 
by the ton rather than by the stack. 

Hay Barns. Instead of being built in 
stacks or ricks, hay is sometimes built in 
hay barns. These are usually (5onstructed of 
iron standards supporting corrugated gal- 
vanised iron roofs. Soinetinies, however, the. 
structures are of wood with boarded roofs, 
each board being slightly grooved near each 
edge and placed from [ to i _iri. from its 


employed for keeping the thatch in position. 
These rods are pointed at each end, twisted and 
bent in the centre, and grip the straw as they 
are thrust into the hay on the roof, likt) a 
hairpin. In other cases, the stakes are simply 
media on which the thatching twine is bountl, 
but practically the object is the same, the 
maintenance of the thatch in its place. Thatching 
is an operation w’hich ncjcds (;onsldorable practice 
and skill, good workmen being extremely scarce. 
It is obvious that before thatching begins 
the riek should have settled, and that the root 
should be well raked, even, and solid, for whorr 
there are depressions, or scjttlements, aftei 
thatching is completed, rainwater finds its way 
into the hay. Tt is specially important that the 
ends of the roof should be thateh(‘d extra tight, 
and Avell finished, or wind may remove the 
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neighbour. If hay barns are costly, they are of 
great economical value, for the hay is out of 
danger immediately it is under cover, which is 
not the case where the stac^ks are built in tht^ 
open— in spite of the common practice of using 
waterproof sheets — until the thatch lias been 
laid on. 

Thatching. It is wise to prepare the thatch 
before the haymaking season commences. 
Thatching straw should be long and strong, and 
the produce of the wheat crop. As the st raw is 
required, it is placed in loosq heaps and well 
wetted. It is next drawn in yelms, or small 
bundles, which are carried by the assistant to 
the thatcher, and laid on one by one, the work 
beginning at the eaves and finishing at the 
ridge. In some districts split hazel rods are 


thatch and expose*, the hay to damage. Thatch 
should be a foot thick, in which case the wheat 
straw required will be nearly 5 cwt. per square 
of 100 ft. 

Cost of Cutting and Binding. The 

cost of cutting and binding hay for market 
varies from Ss. to 4s. per load, averaging in 
round numlxirs 1 d. a truss, the sum usually paid 
for the rough hay left on the farm. Clover hay is 
frequently bound with straw bands ; this 
improves its appearance, and is more economical. 
Hay growers adjacent to,^ large cities usually 
load their carts over night, the men leaving home 
in time to reach the market early on the following 
morning. In the various hay markets liay is 
sold on behalf of the owner by salesmen, who are 
paid by commission, which they deduct with the 
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market toll, if any, from tlie sum roalist^tl. 
Salesmen, however, should be instructed to sell 
all consignments in the market, and never to send 
them direct to customers. Handsome profits are 
often made by experienced men in buying hay 
by the rick ; the seller, however, sbotud be 
guarded in pitting his owm judgment against the 
greater ©xperient^e of the hay dealer. 

Meteorological Society. During the 
haymaking sea.son some assistance may Ix) 


obtained by subscribing to the Royal Mehniro- 
logical Society for daily telegrams forecasting 
the weather. In the present stah? of our 
knowledge, however, we arc bound to say that it 
is not wise to place too implicit a faith in fore- 
casts. Nevertheless, the charge is so small 
that a single day’s help in this direction may 
be sufficient to save some acres of hay. 
the salvage of which might not otherwise have 
been attempted. 


Cimlinued 
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By W. E. GARRETT FISHER 


have already seen that a part of the 
rain which falls upon the sui’faco of 
the earth sinks underground, and there per- 
forms importot geological work. But a great 
deal of the .water which is precipitated from 
the atmosphere does not sink into the ground, 
but remains on the surface, in the forms 
brooks and rivers, . wliich run into lakes 
Of into the sea. This running water ixjrforms 
K^yery important work of erosion on the surfaces 
^ tile land ; it has done much in the past, and 

4oing much in the present, to mould the 
contours of the landscape. In those few parts 
of the World where the surface is a dead level 
the rain accumulates in pools, which ultimately 
either sink into the ground or evaporate into 
the sky.’ But in most places where rain falls 
the surface is not level, and the rain, obeying 
the law of gravitation, runs down the nearest 
slope 

Running Water. If we watch the rain 
falling on a mud bank or on the sandy surface 
of the seashore, we sec that it traces little 
valleys in the soft ground, whose size and 
direction are conditioned by the 8lo|x> of the 
surface and the nature of the soil. Stones or 
liarder portions of the surface ca\iso the running 
streams to divide or ramify into a network, 
and a miniature river system, with tributaries, 
watersheds, and affluents is thus produced. It 
is precisely in* such a fashion that the great 
river systems of the world have come into 
existence, and that valleys and gorges have been 
carved out of the hills or tablelands of the more 


soil over which they pass. The speed and 
extent of the work of excavation depends also 
upon the nature of the ground. A river takes 
a long while to carve its way through solid 
granite, whereas it may very rapidly wear a 
gigantic valley in soft, sandy, or muddy rooks. 

Rivers Make Their own Valleys. 
There is a great deal of evidence to show that 
the valleys through which all large rivers run 
have been actually carved out by the rivers 
themsc'.lves. They vary immensely in size and 
character, accorcUng to the speed and volume 
of the river and tlu^ nature of the rock through 
which they have been worn. The gigantic 
gorge of the Colorado and the tiny trough of a 
Hampshire trout stream s.m m, at first sight, to 
have little in common, but they are bptli equally 
the product of the same inatmment. 

Erosion by Running Water. The 
actual erosive power of running water is best 
illustrated, of course, by a waterfall or torrent. 
Everyone is familiar with somj example of 
the gorges cut on a small or gigantic scale by 
running water on the hard ’st rocks. One of the 
finest examples in the world is that of the 
Niagara River, which plunges in its world- 
famed falls over a mass of bard limestone, under 
M'hich lie soft shaly beds. These falls, at 
present-, stand about seven miles above the 
mouth of the Niagara River, and there is abund- 
ant evidence to show that at one time this 
river fell over a cliff which formed the shore of 
Lake Ontario. The erosion of the water, aided 
by the stones which it carries down and the ice 



primitive rocks. 

We can see on every hand 
examples of the way in which 
running water carves its course 
along the earth’s surface. This 
it does in virtue partly of its 
own motion, and partly of the 
sandy or ^itty materials which 
it carries in suspension. When 
Wflbr flows along the surface 
of ^ soft ahd friable soil, it 
washes awa^ the superficial 
porUons anAcarries them along 
in meohahibal suspension with 
a force directly proportional 
to its speed and to the size of 
tljie grams which compose the 
sOU. A rapidly-flowing river 
or a torrent going down in 
spate is capable of transporting 
large pebbles, or even small 
boulders, which are usually 
dragged along the bottom of 
the watercourse, and thus act 
as a plough excavating the 
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of winter, has gradually worn the cliff away for its erosive power. It also tends to widen the 

these seven miles, thus forming a deep ravine valley through which it runs by altering its 

which, if the present process continue without course from side to side. If it happen originally 

interference, will ultimately, afU^r the lapse of to run in a perfectly straight course, which is 

thousands of years, extend back to Lake Eric. very unusual, but may take place whore it has 

The gorge of Victoria Falls [68] is another d‘seendcd the line of some fault or fissure in 

example of the same action. The great the strata, it continues to run in that straight 

majority of waterfalls are thus placed at the and narrow path ; but it is much more common 

head of gorges which have been cut by falling that it should form loops and bends, owing to 

water ; but there is no definite dustinction the original inequalities of the slope and fexture 

between a waterfall, a cascade, a rapid, a torrent, of the surface. When this is the ease a river 

and an ordinary riv(*r. ►Such difference as . always U*nds to widen 

exists is duo m rely to the greater or less degree ^ '1*^ ^*oursc and exaggerate 

of slope down which the river Hows. u / ^ * ""Ur? ” because its cur- 

Pot-holes. . A proof of the power of running \ / bears w’ith greater 

water to a.brado the rocks is afforded by the strength on the concave 

pot-holes [57], which are familiar objects in the each bend ; this 

bed of a rapid stream. Thest? arc large or small sida of the bend is worn 

hemispherical basins which have been worked away while the opposite 

out by eddies whirling round stones and pebbles W |;j sid?, where the water is 

which drill out the rock. Very often, when /’ J comparatively still, is 

the stream is low in summer, and these pot-holes ^ built up at the same 

are left empty, a heap of loose stones i^ found ^ / time by the deposit of 

lying in them ready again to take up the work gg diaoeam siiowino [®®]* 

of abrasion when the stream comes down in action of rivkk this way that great river 
flood and the water whirls them round and valleys like those of the 

round, to scour the pot-holes larger. It is Thames and Mississippi have been constructed, 

frequently by the gradual enlargement of such and that the present river flows down in a wind- 

pot-holes, until they emerge into one another, ing stream between wide banks of alluvial soil 

that the river deepens its rocky gorge, just as which the river has brought down from higher 

a stealthy burglar cuts a panel out of a door portions of its course and there dopositedi, 

by boring a series of closely adjoining holies Rivera Transport Sediment* Bivers, 
with his centre-bit. But the tendency of the indeed, are not only destructors but constructors. 

river is to wear down its course until its slope In addition to their erosive action in ’carving 

h^b^como so gentle that it loses almost all out their valleys, they have a constructive 
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action in depositing alluvial soil, which is 
especially important to us . because it happens 
to be particularly well adapted to the growth 
of vegetation. The ability of a river to 
transport sediment de- 
pends entirely upon the 
speed at which it flows. 

High up its course 
among the mountains, 
where it flows with 
torrential rapidity, it 
tears away sand and 
earth and stones from 
its banks and bed and 
carries them along down 
to the plains. But when 
it readies a place where 
the slope is gentle, and 
the water con8l^quently 
flows more slowly, it is 
no longer able to trans- 
port the materials which 
it has carried thus far, 
and it liegins to drop them along its bed. A 
river always flows faster at the middle than at 
the sides, l>ecause of the friction caused by its 
banks, and it thus tends to deposit materials 
which it can carry no further along its sides, 
especially on the convt^x side of every bend [59), 
wncrc the current is directed away towards the 
opposite bank. 

River Terraces. As the course of the 
river wanders from side to Hid(5 of its valley, it 
leaves behind it broad flats or terraces of alluvial 
soil, whi(fli arc at first overflowed periodically 
when more water comes down in the rainy season 
than the actual watercourse is able to hold, but 
which are ultimately left permanently dry when 
the watercourse has been sutticiently deepened. 
In this 'way we get the typical ri\'er valley, 
witli the river flowing along its winding course 
ill the middle of the broad alluvial terraces 


rising on verv gentle slopes up to the foot of 
the hills which bound the valley on both sides, 
and by their height mark the depth to ■which 
the river has cut it from the surrounding 
country. 

Deltas. The final 
end of a river is usually 
in a lake or sea. There 
are a few exceptions in 
countries where rivers 
cnfl by being absorbed 
in sandy deserts. But 
the course of the river 
from the high r ground 
to the lower generally 
ends in some larger 
body of water. To 
this it transjiorts such 
of the finer sediments 
as its gradually 8la<iken- 
ing stream is abb' to 
bring to the end of its 
journey. When the 
stream of the river enters the lake or sea it 
gradually slows down until it ultimately comes 
to rest, and, as it slows, it gradually drops its 
sediment to the bottom of the water. Jn this 
way vast deposits are produced by the larger 
rivers. It has been said with some truth that 
the w'holeof Lower Kgypt is simply the accumu- 
lated sediment of the Nile, and that Holland 
has all been tranHj)()rted by the Rhine from the 
mountains of Switzerland. 

Where a great river enters the sea it is con- 
stantly iti the habit of building u}) new land, 
which is known as the rldta [CO], because its 
shape usually eorr(*sponds to tin; fourth letter 
of the (jJrcek alphabet. The deltas of the Nile 
and Mississippi cover a great area of ground and 
project far out into the sea. They are constant ly 
being added to by the great rivers which have 
built them. 
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66. MORAINE CUT THROirOH BY BLOODY BRIDGE 
RIVER, NEAR NEWCASTLE, CO. DOWN 

Why the Sea ia Salt, Rivers 
not only carry sediment, which 
18 mechanically expended m their 
water in consequence of the wpeed at 
which they flow, but they also di^^ohe 
many substances, such as salt, various 
carbonates and sulphates. Th(' Thames 
18 estimated to bring half a million tons of 
mineral salte into the sea every year. This 
constant transport of dissolved substances 
into the sea has made it salt throughout — 
common salt being the most readily soluble 
of minerals, and therelore the most freely 
transported by rivers. It is thus a neces- 
sary consequence that all lakes w’lthout 
an outlet must eventually become salter 
and salter, since the amount of water 
in them is kept practically constant 
by evaporation, which docs not afteet 

mineral salts constantly jxiured into 

The Dead Sea, thus fei by the Jordan, and 
the Gi’cat Salt Lake of Utah, are well knowui 
examples. In this way, also, though much 
less appreciably than by mechanical transport, 
rivers are always at work removing solid matter 
from the land and wearing down its general 
level. In return, as we shall see directly, it 
is largely to this same work that we owe the 
building up of new continents. 

Glaciers, A glacier is similarly a river of 
ice which performs the work of erosion on the 
laud in much the same way as an ordinary 
river, though there are well-marked differences 
which enable the geologist to distinguish the 
w^rk of a glacier from that of ronning water. 
Wat^, assumes the solid form of ica* at a 


temperature of F, In the regions borderiilg 
the North and South Poles the normal tempera- 
ture at sea-level stands below this throughout a 
great part of the year, and consequently th® 
land is permanently covered with an ice-sheet. 
In temperate climates like our own it is only 
in the depth of winter that the temperature 
remains below the freezing point long enough 
for the ground to be covered with ice or snow. 
But among the hills the case is different. The 
higher wo rise above the sea-level the lower 
does the temperature fall, and there is a definite 
level known as the snowdine, above which 
water normally exists in the form of snow or ice. 
This snow -line \arie& in height according to 
the district, being on tlie actual sea-level at the 
Poles, and as much as 18,000 or 19,000 ft. above 
the sea in the tropics. In the Alps the snow-line 
stands at 8,^00 ft., and there is no hill in the 
British Islands whieli quite rises to it, thougli 
Ben Nevis comes veiy near. 

How Glaciers are Formed. In countries 
w’here the hills rise above tlie snow-line, water 
wlucli falls from heavim—or, to put it more 
accurat(‘ly, -is conilensiNl from the atmosphere 
— remains frozen throughout the year on the hills 
which art' high enough. On the higher parts of 
such a mountain chain the smw is louse and soft, 
much as we lind it on the ground after a winter 
snowfall. Lying as a rule upon a slope, it has 
a tendency to eivep slowly down- 
ward by gravitation. If the slope 
b(5 considerabli*, it often breaks loose 
and rusht's down in huge masses, 
kniuvn as amlanchM^ which often 
great destruction, and 
a marker! erosive effect 
upon the rocks over which they 
pa-s But when the snow only 
creeps slowly downward, and more 
snow is continually being deposited 
higher up, it slowly compacts itself 
under the pressure of the upper layers 
and passes first into the condition of 
what in Switzerland is called nevi^ or 
firri\ later on its separate grains are 
squeezed together, and the whole mass 
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TYPiCAj glaciers, or ice-nvers, 

, — formed. Like ordinary rivers, they 
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seek the direction of greatest slope, gravitate 
thus to the gorges and valleys, of the hills, 
and move steadily downward. We are accus- 
tomed to think of ice as a solid and rather 
brittle substance. But under the considerable 
pressure exerted by its own weight in great 
masses it is capable of flowing like water, 
although much more slowly and with far greater 
viscosity. 

Glacier Motion. A glacier is continually 
,in motion like a river, though its motion is so 
slow that it was only detected when science was 
called in to study Alpine phenomena. If a row 
of stakes be driven into the ice right across a 
glacier, in the course of a few days it will be 
found that the whole line has moved downwards 
In reference to fixed stakes on the rocky banks, 
and also that the line is no kmger straight, 
but has developed a curve which is convex 
downward. In other words, the ice in the centre 
of the glacier moves faster than that of the edges, 
just as happtms with the water of a river : and 
in both cases it is the friction of the banks 
which accounts for this. As a rule the motion 
of the ice is slow, being about 1 or 2 ft. a day 
in the Swiss glaciers, though in the glaciers of 
Greenland the rate of mol ion is sometimes as 
much as 50 or 100 ft. in the twenty-four hours, 
'jhe ice adapts itself like a plastic fluid to the 
irregularities and curves of the bed in which it 
moves. It is constantly cracking into cremsseff, 
which sometimes swallow up mouniaint^ers, in 
consequence of the bending wbicdi it undergoes 
in moving downwards along an ordinary valley. 
These crevasses keep reuniting and changing 
in position. If the glaeier comes to a fireeifiic^e 
in its downward course it flows over in an we- 
fall 161], w'hieh is all splinters and pinnacles, 
and corresponds to a waterfall in a river. Tin? 
steady flow of ice is largely due to the phenome- 
non known as regelation [see Physics], which 
consists in a constant momentary melting and 
refreezing of the ice, due to changi*s in prcvssure. 

Glaciers Transport RocRs. As the 
glacier travels downward it does a great deal 
of geological work. It transports a large bulk 
of rocky fragments and detritus ; it erodes the 
bed in which it travels ; and ultimately it heaps 
up vast deposits of debris at its lower extremity. 
It will be obvious that the fragments of rock 
which frost and other agencies break off from 
the banks of the glacier bed fall upon the surface 
of the ice and share its motion downward 
towards the valley. They are naturally ranged 
along each side of the glacier, and there form 
two long beds of stones and fragments, which are 
known as moraines [65]. If two glaciers meet 
where their separate valleys converge, two of 


their lateral moraines coalesce, and are carried 
down the centre of the large glacier thus formed ; 
this is known as a central moraine [66]. When 
the glacier travels down the valley below the 
snow- line it reaches a spot at which its ice melts 
away in the warmer air, and the glacier there 
ceases or gives birth to a river. It is at this 
spot that all the rocky fragments which have 
lx)en brought down by the glacier are heaped 
up in a vast accumulation which is known as the 
terminal moraine [66]. The moraines of ancient 
glatiiers arc very commoil objects throughout 
the whole of Northern Europe, showing that at 
one time a vast accumulation of ice covered the 
whole of this region. 

Glacial Erosion. A glacier is also a 
powerful agent of erosion. The ice in its down- 
ward movement rasps and grinds along its bed, 
and act s as a ]dough. Eurtlier, a groat many of the 
st-oncs which fall upon the surface of the glacier 
tumble into crevasses, and sink down to the 
bottom, where tlu^y are frozen into the lower 
part of the i(^e and dragged along, scratching 
and eroding surface of the ground beneath. 
( bnsequently, the bed of an ancient glacier [64] 
is charae ttTised by rocks ivhich are polished and 
rounded, and at the same time considerably 
.seratclied. or striated [67], the scratches all 
running in the same direction — that in which 
the glaeier formerly moved. They are caused by 
the fragments of rock which wt^rp frozen into 
the lowt^r part of the glacier, and served as teeth 
to its ])owerful rasp. The. underlying rocks are 
only 8U{)erHcially scratched, and present a gener- 
ally rounded aspect because all their edges and 
angU^s were planed off by the powerful pressure 
of the ice-Hh<*et, often hundreds of feet in thick- 
ness. From their rosmnhlancc in contour to the 
backs of sheep, such rocks [63] are frequently 
known as rovhes 7tw((tonnee>% or greg wethers. 
Sometimes huge boulders, which may contain 
many tons of rock, fall upon the surface of a 
glacier, arid are transportc^d by it to positions 
far removed from that of the parent rock, and 
the existence of such ivanderingy or erratic blocks 
[82] is always the sure indication of the former 
existence of a glacier. Where the land has once 
been covered by a sheet of ice there is often left 
behind a characteristic deposit known as till^ 
or boidder clay. This consists of a stiff clay, 
hardened from the line mud which the glacier 
rubbed down under it^ enormous pressure, 
thickly filled with the 1 irger or smaller rocky 
fragments or boulders v '' ch present the charac- 
teristic striation caused by glacial action. The 
whole of our islands was onco covered by a vast 
sheet of ice, and all these various traces of glacial 
action are found scattered widely over them. 
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Roger Ascham. As our Anglo-Saxon for- 
bears fought against the influenci^s of Norman - 
French, so Roger Ascham (b. 1515 ; d, 1508), the 
tutor of Queen Elizabeth, reflected the native 
English spirit in his strong raasctuUno prose and 
his antagonism to the “ Italianate Englishman/' 
who modelled his conduct and his studies on 
what he or others brought back from Italy in 
those early days of Continental intercourse and 
travel. Ascham was devoted to the old English 
pastime of archery, and wrote a defence of it 
in English — “ Toxophilus ’’—which he dedi- 
cated to Henry VIII., adding an adxlress to the 
gentlemen and yeomen of England in which 
occurs a passage that forms at once an apology 
for and a defence of his native tongue : “ As for 
the Latin or Greek tongue, everything is so 
excellently done in them that none can do 
better ; in the English tongue, on the contrary, 
everything is in a manner so meanly, both for 
the matter and handling, that no man can do 
worse.” Then follows the remark : “ He that 
will write well in any tongue must follow this 
counsel of Aristotle, to s]H‘ak as the common 
people do, to think as wist? men do.” There an? 
several important works on education which 
belong to the sixteenth century, but Aseham’s 
“ 8cholemasU?r ” is the first in point of time, 
and contains not a little advice the value of 
which is of a permanent character. One of the 
truths that he urges is being propagaU?d in our 
own day with all the energy of our twentieth 
century reformers: namely, the ne(?d of awaken- 
ing in the mind of the pupil an intcrv*st in 
his work. In this eonneetion the appended 
extract from the “ Toxophilus " will be of 
interest to the reader : 

The Wisdom of Ascham. “ If men 

would go about matters wdiieh they should do 
and be *1it for, and not su<*b things which 
wilfully they desire, and yet be unfit for, verily 
greater matters in the eommonwealUi than 
shooting should be in better (vase than they 
be. ; . . This perverse judgment of men 

hindereth nothing so much as learning, because 
Commonly those that be unfit ted for l(*arning 
be chiefly set to learning. As if a man nowa- 
days have two sons, the one impotent, w'oak, 
sickly, lisping, stuttering, and stammering, 
or having any mis-shape in his body, what dm^s 
the lather ot such one commonly say ? This 
boy is fit for nothing else but to set to learning 
and make a priest of. . . . Fathers in okl 

time, among the noble Persians, might not do 
with their children as they thought good, but 
as the judgment of the common wealth thouglit 
best. This fault of fathers bringeth many a 
blot with it, to the great deformity of the 
commonwealth. . . . This fault, and many 


such likt?, might Ih' soon wiped away if fathers 
would bestow^ their children always on that 
thing whercunto nature hath ordained them 
most apt and fit. For if yi^uth be grafted 
straight and not awry, the whole common wealth 
will flourish thereafter.” 

Henry VIIL, who encouraged Ascham, must 
have it iilaced to his credit also that he gave 
similar aid to Sir Thomas Et.yot (b. about 1490; 
d. 1540), who WTote on Ixiialf of good govern- 
ment, and translated Plularoh ” On the 
Education of Children.” 

The Bible and English Literature. 
As poetry, in a chronological sense, takes pre- 
cedence of prose in the history of English 
literature, so religious works preeedi? secular in 
influencing the. growth of English prose. We 
may not pause to consider this subject at any 
length ; but the services of the early translators 
of the Bible cannot be overestimated. Firr.t 
among these translators was John Wygliffe 
(b. 1.T25?; d. 1384). Here it is important to re- 
member, how(?vor, that neith(?r th(? ” Wycliffe 
Bible ” nor any of its successors was the work of 
one man, although “WyclilTe’s Bible,” “Tyn- 
dale’s Bible ” and ” Coverdale’s Bible ” are 
common terms. According to Father Gasquet, 
” WyelifTe’s Bible” was the work of the English 
bishops. This contention remains but a theory. 
Before WyelifTo’s time only portions of the Scrip- 
tures had been translated into English. Wyclitfe 
— to follow the ao(;(?pted story - set himself a few 
years before his divith, in 1384, to the task of 
producing the first complete English Bible. By 
1.3S2 he lu'.d eonqileted the N(?w Testament. His 
friend Nicholas, of HenJord, translated most of 
the Old Testament and flu? Apocryplia. John 
Purvey, a pupil of the Reformer, revised the 
work four yec.rs after Wyclitfe’s death. The 
translation (or paraphrase), which was made from 
the Vulgate (or Latin version), was originally 
issued in manuscrijJ form; of this 1,50 copies 
are still extant. W ritton as it was for the common 
peoph?, it is remarkable to find with how^ much 
ease “Wyclifl’e’s Bible” can still be read. 
Wycliire was i'. Yorkshireman, and wo are told 
tliat w'hen, a few years ago, Bov(?ral long p.".ssago8 
were read to a congregation in his native county, 
not only were they understood by the hearers, 
hut almost every w’ord was found to be still in use. 

William Tyndale. The work of Wyclifle 
was carried on and improved by Wiixiam 
Tyndale (b. 1484 ? ; d. 1536), a pupil of 
Erasmus, the groat co-workor with Martin 
Lutlier in the Reformation. When Erasmus 
published his Latin version of the New Testa- 
ment in 1516, he declared his w'ish that even 
the weakest woman should read the Gospels. 

I long,” he said, “ that the husbandman 
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should sing portions of thorn as ho follows 
the plough, that the weaver should hum them 
to the tune of his shuttle, that the traveller 
should beguile with their stories the tedium of 
his journey.** Tyndalo declared : “If God 
spare me I will one day make the boy that drives 
the plough to know more of the Scriptures than 
the Pope of Rome.” Tyndale, who was a good 
Greek scholar, studied Hebrew for the purpose 
in hand, and while conbulting the Vulgate went 
back to the originals as the basis of his version. 
He WAS helped in his task by a fugitive friar 
named Roy and others. It was “ Tyndale’s 
Bible *’ which, revised by MiiiES (^overdalb 
(b. 1488 ; d. 1568) — the first complete printed 
English Bible — and edited and re*cdited ps 
“(5omwell*s Bible** (1539), pmd “ Oranmer’s 
Bible,” or ” The Great Bible ” ( 1 540), was sot up 
in every parish church in England, in some cases 
being chained to the lecterns, or reading desks. 

The In^uence of the Bible, To quote 
Dr. Stopford Brooke, ” It got north into Scot- 
land and made the Lowland English more like 
the London English It passed over to the 
Protestant settlements in Ireland ” After its 
revision in 1611 — there had been printed mean- 
while the “Genevan Bible,” a work handier in 
size than its predecessors, in Roman type and 
with the text divided into verses — it went as 
the Authorised Version with the Puritan 
Fathers to New Englemd and fixed the standard 
of English in America. “ Many millions of 
people now speak the English of Tyndale’s 
Bible, and there is no book which has had, 
through the * authorised ’ version, so great 
an influence on the style of English literature 
and the standard of English prose.” In 
Edward Vi’s reign Thomas Granmer (b 1489 ; 
d. 1556) edited the English Prayer Book (1549- 
52). “Its English,” Dr. Stopford Brooke 
notes, “ is a good deal mixed with Latin words, 
and its style is sometimes weak or he?-vv, but on 
the whole it is a fine example of stately prose. 
It also steadied our speech.” To tell the 
influence of the Bible on English writers from 
Shakespeare’s time to Swinburne’s would be to 
specify necvvly all the best work of our greatest 
writers. Need we therefore urge its study upon 
our readers, when scarce any writer of note hut 
has either acknowledged its inspiration or shown 
trace of it in his work ? Too raucii stress cannot 
be laid upon the need— apart from all religious 
considerations — of Bible-reading on the lines laid 
down by Richard Moulton in that admirable 
work ” The Literary Study of the Bible,” 

Theology and Philosophy. The 
development of English rhetoric and English 
philosophic thought between the close of the 
nfteenth and the earlier part of the eighteenth 
century may be studied in the writings of 
Hugh Latimer (b. 1485 ? ; d. 1565), Bishop of 
Worcester, whose sermons well sustain the 

JOHH (b. 1505 ; d. 1572), the SooUish 

reformer and historian ; John Foxb (b. 1516 ; 
d. 1587), whose “ Aotes and Monuments,” 
commonly known as “ Foxe*8 Book of Martyrs,** 
** Ifgwto the |>6ople of all over England a book 
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whioh» by^its simple style, the ease of its stoiiy* 
telling, and its popuhur charm, made the Vfiy 
peasants who heard it read feel what is meaht 
by literature *’ ; John Jxvm .(b. 1522 ; d. ' 
1571), Bishop of Salisbury, a learned Protestant’ 
controversialist ; Richard Hooker (b. 1564 ? ; 
d. 1600), author of “The Laws of EcclesiaBtioall 
Politie,” a great theologian whose memory is 
enshrined in “Walton’s Lives,” and whose 
character is fitly indicated on his monument at 
Bishopsbourne, Kent, as “judicious” ; Wiixiam 
Ghillinoworth (b. 1602 ; d. 1644), a notable 
anti-Romanist ; Joseph Hall (b. 1674 ; d. 
1656), Bishop of Exeter and Norwich, one of the 
first of English" satirists ; Jeremy Taylor 
(b. 1613 ; d. 1667), Bishop of Down and Connor, 
the author of “ Holy Living ” and “ Holy 
Dying,” and a voluminous writer who, in the 
words of his friend Bishop Rust, of Dromore, 
“ had the good humour of a gentleman, the 
eloquence of an orator, the fancy of a poet, 
the acuteness of a schoolman, the profoundness 
of a philosopher, the wisdom of a chancellor, the 
reason of an angel, and the piety of a saint ” ; 
Thomas Hobbes (h. 1688 ; d 1679), a philoso- 
pher who f px)lifd the principles of geometry to 
the judgment of human conduct, and who, in 
his “Leviathan,” “De Give,” “Human Nature,” 
and other works, showed himself to bo “the 
first of all our prose writers whose style may be 
said to bo uniform and correct and ad'ipted 
carefully to the subjects on which he wrote”; 
Thomas Fuller (b. 1608 ; d. 1661), the style 
of whose best -known work, “ Worthies of 
England,” shows admirable narrative faculty, 
“ with a nervous brevity and point almost new to 
English, and a homely directness ever shrewd 
and never vulgar”; 8ir Thomas Browne 
(h. 1605 ; d 1()82), v Norwich physician and 
author of “ Rol gio M( dici,” than whom, accord- 
ing to Mr. Edmund Gosse, “ among English 
p’*ose writers of the highest merit there are few 
who have more consciously, more suceossfully, 
aimed at the translation of temperament by 
style,” and who “ unquestionably tasted the 
divine pier sure of writing for its own sake ” ; 
John Bunyan (h. 1628 ; d. 1688), author of 
“ The Pilgrim’s Progress,” a work as famous as 
“ Robinson Crusoe,” as faHcinp..tmg in ^narrative 
sense, and of perennial influence on the religious 
thought of Hie young of all nations ; Isaac 
Barrow (b. 1630 ; d. 1677), another eloquent 
preacher and controversialist (note especially his 
treatise on “ The Popp’s Supremacy **), and as 
a mathematician worthy to stand near 
pupil Isaac Newton (b. 1642 ; d. 1727) ; 
Richard Baxter (b. 1615 ; d. 1691)^ whose 
life may be studied as an example- of self-help 
by the side of Bunyan’ s, and the style of whose 
many writings “ is one of the finest specimens 
of direct masculine English, and a model for all 
who wish to talk to people instead of at them ** ; 
John Ttllotson (b. 1630 ; d. 1694), perhaps 
the only primate who took first rank in ms 
4ay as a preacher, but who “ proh^ibly presents 
more examples than any other author of passages- 
wherewith to exorcise the skill of the student 
of English composition in weeding out their 
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words and pbraseH ” ; John Lockh 
(b* 1632 ; d. 1704), author of “ Two Treat it» 0 H of 
Government/* “An Essay concerning Tolera- 
tion,’* “ An Essfty Concerning Human Under- 
standing,” a "wora especially to be .Qommended 
to students on “ The Conduct of the Undor- 
Htanding,” and a philosopher who is spoken of 
as “ the unquestioned founder of the analytic 
philosophy of mind” ; and Gilbert Hurnrt 
(b. 1643 ; d. 1715), Bishop of Salisbury, and 
author of a^‘ History of the Reformation ” and 
9 k “ History of My Own Times." 

Regarded in this brief summary, the works 
of these theological writers may appear unin- 
viting ; but the general reader no less than the 
student cannot neglect them all without missing 
a fruitful part of the great and rich field 
of our national literature. Foxe’s ** Book 
of Martyrs,” Taylor’s “Holy Living” and 
“Holy Dying,” Hobbes’s “Leviathan,” Fuller’s 
“ Worthies,” Browne’s “ Religio Medici," 
Bunyan’s “Pilgrim’s Progress” and “The 
Holy War,” lx>cke’s “ Human Understanding” 
— these especially, and others that wc have 
named, are works of which every one who 
aspires to a sound appreciation of our literature 
should have first- liand knowledge ; and just as 
we in early youth read Biiiiyan for the sheer 
pleasure of his narrative, so in manhood w^e may 
read the other religious and philosophical 
writers for their charm of style, their wisdom 
and humanity. 

Proae of the Poets and Historians. 

Both Spenser and Shakespeare wrote prose. 
Spenser’s “View of the Present State of 
Ireland ” is written in a most pleasing style. 
Shakespeare’s prose has be(ui the theme of 
many commentators ; see, for example, the 
admirable little manual of the late George 
L.Craik. The student is r<^commcnd<*d to study 
the “ men in buckram ” section of “ Henry JV.” 
The “ Arcadia ” and the “ Defense of Poesie " 
of Sir Philip Sidney (h. 1054; d. 1586) are also 
to be studied in this connection. The first 
popular English history in the language is 
“ The History of England to the 'Pime of 
Edward III.” of the poet Samuel Daniel 
(b. 1562 ; cl 1619). After Daniel’s work may 
be con8iderc3d the “History of fhe World,’ 
written in the Towtt by Sir Walter Ralkioii 
, (b. 1552 ; d. 1618), and to be read for its human 
and personal interest more than on account of 
. its intrinsic value as history. Edward Hyde, 
first Earl of Clarendon (b. 1609 ; d. 1674), 
friend of poets like Jonson and Wflller. wrofx? 
a “ History of the Rebellion.” This was 
modelled on the style of the Roman historian 
Tacitus, and is specially notable for its bio- 
graphioal value. The “ Life of Ofionel 
Hutchinson,” the Puritan, by his widow, Lucy 
Hutchinson (b. 1620), is one of the most de- 
lightful of biographies with a historical character 
for subject, and taken up as a study will bo 
read through for the charm and sinaplicity of 
the nartative. To the domain of history and 
antiquarian stu^ lielong the writings of 
WnxiAM Camden (b. 1661 ; d. 1623), John 
vSKLDEN.(b. 1584 ; <i 1654), John Stow (b. 
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1626? ; d. 1605), Raphael Holinshed (b. about 
1580), and William Habbison (b. 1534 ; 
d. 1593). Mention must also be made here of 
the invaluable Diaries of Samuel Pepys (b. 
1633 ; d. 1703) and John Evelyn (b. 1620 ; 
d. 1706), and the Letters and other writings of 
James Howei.l (h. 1594 ; d. 1666), and the ex- 
quisite epistles of Dorothy Osborne (b. 1627 ; d. 
1695), afterwards the wife of SirWiLUAM Temple 
(h. 1628; d. 1699), diplomatist and essayist. 

The Beginning of the Eaeay. ' The 
meaning of the word essay is “ a testing.” As 
we understand it to-day, an essay is a valuation 
of a subject, usually of a literary or social 
nature, from the standpoint of the writer. The 
“ Essays of Montaigne,” the translation of which 
by John Florio (b. 1563 ; d. 1625) preserves 
for us a vigorous and i>erennUlly delightful 
example of Elizabethan proHt% hardly come 
within the limits of the essay as we understand 
the word. Shakespeare was evidently familiar 
with his Plorio as he knew the translation of 
Plutarch's “ Lives " by Sir Thomas North 
( b. 1535 ; d. 1 601 ). The Elizabet han and Jacobean 
pamphlets were, in a sense, essays, but wc see 
in them perhaps more distinctly the beginning of 
the modern newspaper, because they were 
published for controversial purposes. The^^ 
form in themselves a somewhat absorbing 
branch of literary and historical study. A 
number of the writers of these pamphlets also 
wrote talt's, so that while the “ Euphiies ” of 
Lyly (see Literature, page 679] is generally 
regarded as the earliest Englisli novel, it is not 
quite isolated as an example of English prose 
narrative. Even if we leave Sidney’s “ Arcadia ” 
r)ut (»f the question, there are the tales as well as 
the pamphlets of Robert Greene [see page 
679] ; Thomas Lodge (b. 1558 ; d. 1625), 
wliose “ Rosalynde ” inspired Shakespeare’s 
“ As you Like It ” ; and Thomas Nash (h. 1567 ; 
d. 1601), whose “Jack Wilton” provided the 
prototyix3 of Falstafl. Londoners who desire 
to learn how their predecessors lived three 
centuries ago will lind a world of entertainment 
in “ The Gull’s Hornbook ” of Thomas Dekkeh 
(b. 1570; d. 1 037V). The more }>ermHncntly 
interesting of all the pamphlets is the “ Areo- 
pagitica,*’ a trenchant plea for the liberty of the 
printing press, by John Milton (b. 1608 ; d. 1674). 

The First English Essayist. The first 
of the English essayists is Francis Bacon (b. 
1560 ; d. 1626). The student ean have no better 
guide than is provided in tht; fiftieth of Bacon’s 
“ Essays ” — the one entitled “ Of Studies.” We 
fpiote part of this as exemplifying Bacon’s 
method and perspicuity of style : 

“ Studies serve for Delight, for Ornament, 
and for Ability. Their Chiefe Use for Delight, 
is in Privatenesse and Retiring ; For Ornament, 
is in Discourse ; And for Ability is in the fudge- 
mont and Disposition of Businesse. For Expert 
Men can Execute, and perhaps fudge of par- 
ticulars, one by one. But the generalFCounsels, 
and the Plots, and Marshalling of Affaires, come 
best from those that aiH3 Learned. To spend too 
much Time in Studies, is Sloth ; To use them 
too much for Ornament, is Affectation ; to 
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muke ludgement wholly W their Rules is the 
Humour of a Schollcr. Tuey perfect Nature, 
and are perfected by Experience : For Nr.turall 
Abilities, are like Naturall Plants, that need 
Proyning by SUtdy : And Studies themselves, 
doe give forth Directions too much at L^-rgo, 
except they be bounded in by experience. . . . 
Reade not to Contradict, and Confute ; Nor 
to Beleeve and Take for granted ; Nor to find 
Talke and Discourse ; But to weigh and Consider. 
Some Bookes are to be Tasted, others to be 
Swallowed, and Some Few to be Chewed and 
Digested. That is, some Bookes are to be read 
onely in Parts : Others to be road but not 
Curiously ; And some Few to be read wholly, 
and with Diligence and Attention. . . . 
Reading maketh a Full Man ; Conference a 
Ready Man ; and Writing an Exact Man. . . . 
Histories make Men Wise ; Poets Witty ; The 
Mathematika Subtill ; Naturell Philosophy deepe; 
Morall Grave ; Logick and Rhetorick Able to 
Contend.’' 

The Prose of Ben Jonson. Of Bacon’s 
Essays Hallam rightly declared that it “ would 
be derogatory to any educated man to be 
unacquainted with them.” Next to them wo 
should place the “Discoveries” of Ben 
Jonson [aee Litehature, pages 845-6], which 
Mr. Swinburne prefers before Bacon’s Essays 
and Mr. Saintsbury describes as coming “ in 
character as in time midway between Hooker 
and Dryden,” Jonson’s “ Discoveries ” have 
been too long neglected. A recent writer 
acutely says : “ A comparison of the vocabulary 
of Sir Philip Sidney^s ‘ Defense of Poesie * 
with that of the ‘ Discoveries,' written nearly 
sixty years later, will disclose a W larger number 
of words demanding explanation in the latter. 
On the other hand, a like comparison between 
the two works with reference to the structure 
of sentence and paragraph will exhibit a form 
and symmetry, a sense of order and propor- 
tion, and a consciousnc'ss of the demands 
of literary pi‘es3ntment in the ‘ Discoveries ’ 
for which we may look in vain in the somewhat 
loosely-strung periods and formless paragraphs 
of the ‘ Defense.’ This contrast, as Prof. 
Schelling, the first adequately to edit the 
‘ Discoveries,’ points out, becomes the more 
startling when we remember that Sidney’s 
work' is characterised by a logical •sequence and 
continuity of thought, and that Jonson ’s 
is more or less of a commonplace book contain- 
ing, as he himself says, ‘ discoveries ’ made 
upon men and matter, as they flowed out of his 
daily readings, or had their reflux to his peculiar 
notions of the times.” Here is a brief extract 
from Jonson’s tribute to the eloquence of 
Bacon. It is largely an adaptation from Seneca 
on an Augustan orator: 

Ben Jonson*s Praise of Bacon. 
“ There happened in my time one noble 
speaker who was full of gravity in his speaking ; 
his language, where he could spare or pass 
by a jest, was nobly censorious. No man ever 
spoke more neatly, more presly (concisely), 
more weightily, or suffered less emptiness, less 
idleness, in »whar he uttered. No member of 
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Ids speech but consisted of his own graces. 
His hearers could not cough or look aside from 
him, without loss. He commanded where he 
spoke, and had his judges angry and pleased at 
his devotion (disposal). No man had their affec- 
tions more in his power. The fear of every man 
that heard him was lest he should make an end.” 

Lowell has applied this passage to Emerson. 
There is a great deal In Jonson’s “ Discoveries ” 
concerning education and study that will 
generously reward the most careful attention. 
After Jonson, considered as an essayist, come 
Abraham Cowi.ey (b. 1618 ; d. 1667), whose 
language is at once simple and graceful, and Sir 
William Tempi.e (b. 1628; d. 1699), distinctly 
a predecessor of Addison. 

It is difficult to classify the “ Anatomy of 
Melancholy ” of Robert Burton (b. 1577 ; 
d. 1640), but Johnson greatly admired it, and 
it is full of quaint and curious learning. The 
“ Microcosmographio ” of John Earle, Bishop 
of Salisbury (b. 1601 ; d. 1665), is at once of 
social and philosophical value, but stands, 
like the “ .f\natomy,” by itself. Three other 
books that demand notice are the “Lives” 
and “ (’ompleat Angler ” of Izaak Walton 
(b. 1503 ; d. 1683), the first a gem of literary 
biography, the second one of the first of “ country 
books ” ; and the ” Autobiography ” of Lord 
Herbert of Cherbitry (b. 1581 ; d. 1648), 
which Mr. Swinburne has placed among “ the 
hundred best books.” 

Criticism. The i>lace of honour as the first 
of English (jriiics belongs to John Dryden [see 
Literature, pages 992 -3 J. In the words of 
Lowell, Dryden, more than any other single writer, 
eontributed, as well by precept as example, to 
free English prose from “ the cloister of ped- 
antry” and to give it “suppleness of movement 
and the easier air of t he modern world. ’ ’ The intro- 
ductions to Dryden's works are specially worthy 
of study. The famous “ Essay on Dramatic 
Poesy ” lias already been commended. Nearly 
the whole of Dryden’s criticisms will be found 
edited by Prof. W. P. Kor in his “ Essays of 
John Dryden ” (2 vols. Henry Frowde. 10s. 6d.). 

Books to Studyl In addition to the 
books specially mentioned in the text, we would 
commend “ English Literature from a.d. 670 to 
a.d. 1832,” by Stopford A. Brooke (Macmillan. 
38. 6d.) ; “ History of the English Language,” 
by 0, F. Emerson (Macmillan. 6s.); “A Book 
of English Prose, 1387-1649,” by W. E. Henley 
and 0. Whibley (Methuen. 2s. 6d. net) ; and 
the “English Prose Selections,” selected with 
critical introductions by various writers, and 
edited by Sir Henry Craik (5 vols. Macmillan. 
7s. 6d. and 88. 6d. per vol). The last-mentioned 
work should be available in any good public 
library. Another useful work is that entitled 
“ The Prose and Prose Writers of Britain,” 
W Robert Demaus, M.A. (A. and C. Black). 
TTiis was published in 1860, but copies are still 
seen on the secondhand bookstallfi. Consult 
the catalogues of Messrs. Bell, Blacki^, Cassell, 
Dent, Frowde, Harmsworth Library, Routledge, 
and others for cheap reprints of particular works. 
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Reinforced Concrete Columns. Until 
recently reinforced concrete could not Ije 
economically employed for colunmrf, as the 
compressive stresses were taken by the concrete 
alone, the safe limit of which varied between 500 
and 600 lb. per square inch. By a new invention 
of Mr. A. Considere, the Prench engineer, the 
patent rights of which are held by the Armoured 
Concrete Construction Company, it is claimed 
that the safe limit for compression may he raised 
from 500 to 2,500 lb. per s(|uaro inch. This 
invention consists of reinforcing tin* concrete 
by metal spirals or “ hoops,” made by winding 
a metal bar round a drum or roller. The 
pitch of the rings of the spiral vary according 
to the diameter of the bar used, hut is generally 
between 1 J in. to 3 in. Down the interior of the 
spiral are placed either four or six longitudinal 
bars bound at intervals to the spiral. These 
bars are employed to prevent bulging when the 
column is under compression. Fig. 18 shows 
the manner of reinforcing a column by this 
method. This column, it is stated, will carry 
a load of 90 tons, with a factor of safety of 5. 

Piles constructed by this sy.st(‘m have been 
employed for fo uidations on the banks of tlio 
River Seine. Fig. 19 shows the. form of [liles 
used. 'Hiey were 17 ft. long, driven by a i*2 
ton “ monkey.” with a drop of over .5 ft. 
The head of the pile was not, as with other 
systems, necessarily protected by a spintial 
cap, and only about 6 iti. of the licad of the pile, 
after being driven, had to bo repaired. 

The bridge at Plougasfel is constructed of 
“ arraocrete,” and the reinforcernent is spiral 
or hooped. I’he bridge (K)nsists of two spans 
of 316 ft. 9 in., two of 106 ft. 7 in., and one 
of 52 ft. 3 in., making a total length of 895 
feet. 

Comparison with a Steel Joist. In 

comparing a beam constructed of reinforced 
concrete on the Heimebique system with a 
rolled joist [20], the steel rods which are placed 
in the lower part of the beam represent the 
line of tension and are acting similarly to the 
lower flange of a rolled joist. Concrete is the 
material which is relied on to resist the com- 
pressive stress in the upper part of the beam, 
and the connection between the flanges as 
formed by the web (still comparing the beam 
to a rolled joist) is also formed of concrete, which, 
in addition, encases the tension bars and pro- 
tects them against external agencies. Fig. 22 
shows the form of the hoop-irOn stirrup - j, which 
are distributed along the whole length of the 
beam, being embedded in the core of concrete, 
connecting the upper and lower parts of the 
beam, thus making a solid and compact girder. 


Tension Bars. The tension bars are of 
two kinds — n’s., straight bars parallel to the 
lower face of the beam, and l)ont or cranked 
bars plac»‘d over them, but in the same vortical 
plane. 

The bent bar.4, taken in connection with the 
straight bars, and the stirrups (the latter being 
placed clfKser togiethor at the ends of the beam), 
constitute an indt^forniablo triangle, and the 
resistanee aiTorded to shearing stress thus 
increases near the supports — i.p., where the 
strews reaehes its maximum. 

A beam so formed is v(^ry similar to a timber 
beam inissed with iron tie -rods and brai^kets. 
Figs. 21 and 25 show the arrangement of 
a continuous TItmnchiqiic beam. 

Fig. 25 shows the nwji.ujtivc positions of the 
bans and 8tiiTnp.s, and how any bending stresses 
of the lower bars bceomew transmitted by the 
stirrups to the upper part of the beam, and 
transformed and dislributed in the way of com- 
jiress’vo stresses in the mass of the concrel**. 
Fig. 26 sho^vs a cross-.scetJon taken through the 
beam. 

An Armoured Concrete Floor. In 

or<l.u* to divide up the component parts of 
a lloor of any ansa that is supported by 
fi rro-concrcte I earns, 24 shows the main beam 
fM)nHtructed to rieeivc the heavurst loads. 
Then comes the soetmdary h(*am. which is 
connected up to the main beam, and in turn 
r.'ceives a Hat beam, which (jonstitutos the Hoor. 
Tiiey an^ formi‘d in a pnsiisely similar manner 
to tile other beams and are ealeulatt^d to support 
the required load. 

In constructing an armoured concrete floor, 
the practice hitherto has bei'ji to erect, in the 
first instance, a complete woo l m ttoor extending 
over the whole area proposed to be covered, anti, 
after covering the floor with a thin layer of 
concrete, to lay down the steel rods on it, and 
then to complete the floor with the necessary 
thickness of concrete over the steel rods. This 
mode of construction nccics.sitates the use of a 
large (juantity of timber, which cannot be 
removed until after the concrete has set. The 
practical objections to it are the cost of the 
timber, the delay in its erection and removal, 
the hindrance to the rapid completion of the 
armoured concrete floor, and to its increased 
cost. 

Armocrete Tubular Flooring. A 

system employed by the Armoured Concrete 
Construction Company, of Westminster, doe# 
away with these drawbacks by dividing the 
structure into three different parts — namely, the 
so-called webs (A), the tubes (B), and the conr- 
crete floor on top (C), as shown in 88. The webs 
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ai^'inade of concrete v^aryirig from 6 to 10 in. iii 
ctepth, and in lengths up to 25 ft. Tney are 
. remlorced with flat iron bars, a, a, the thickness 
of the top layer C. and the sectional area of the 
, Mnouring inserted in the webs being according 
to <^e load the floors have to carry. The tubes 
are made in 9 in. lengths of earthenware, stone*, 
ware, or concrete 'composed of coke-brceze, or 
similar light material, and Portland cement. 

When constructing a floor by this method, 
the workmen first place the webs in their proper 
positions (9 in. centres) without the help of any 
timbering, and the tubes are then put in. A floor 
is thus obtained. It is capable of carrying the 
weight of the workmen and materials stored on 
it. As soon as a certain area has thus been laid, 
a gang starts laying down the concrete (c) for 
the completion of the floor, the ihicknciss vary- 
ing from J in. to H in., according to the load 
. to be carried. The roinforcement of the webs 
takes up the tensile stress, while the top part of 
the webs, together with the concrete flooring, 
take up the compressive stress. The surface 
' underneath may bo plastered or left rough, 
according to requirement s. The webs arc manu- 
factured in workshops as near the site tas possible, 
and can bo handled by two or three men, accord- 
ing to their length and weight. 

The hollow tubes form a good insulation against 
cliange of temperature, and can bo utilised 
as conduits for electric wires or for water or 
steam pipes for heating purposes. Tue dead- 
weight of such floors is considerably hss than 
many other forms of reinforced concrete floors. 

Practical Prohib tion in London. 
The increasing demand for cheap and rapid 
construction, especially for buildings, opens out 
a wide field for the employment of reinforced 
concrete. .The present Building Acts, and also 
the Local Government Board Regulations, make; 
it difficult to employ this form of construction 
economically. 

Although the advantages of reinforced con- 
crete are now well recognised, it appears that 
the London County Council actually prohibit its 
use. A Paper Avas rt ad at the Royal TnatiUite 
of British Architects, in 1005, by Mr. Mouchel, 
of. the Hennibique Company, in which the 
following passages occur: 

“ At the present moment London enjoys the 
unique privilege of being the only city in the 
. Ci^lised world where ferro-concrete constructions 
. are actually prohibited. 

“ Foreign countries have their regulations, and 
generally tliey are not framed for the use of ferro- 
opnorete, but notwithstanding these existing 
;Iaw», after intelligent and impartial investigation 
of the various authorities, we have been per- 
; mitted to construct everywhere. 

' .f‘ The Lemdon County Council do not telluo in 
’^iedpmany words ‘ Y ou shall not build.’ They say 
requires the external walls to be built in 
. vpbncrete of a certain maximum thickness, and if 
■\you comply With that condition you can build. 

this we reply that our walls are not concrete ; 
f they are ferro-concrete, which is quite a different 
• ^terial, and to. give them the thicknesa of 
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an impoBsibihty/ ^ It would also be an absurdity^ 
since our, comparatively speaking, thin walls 
are many times stronger and safer theft those 
mentioned in the Aot.^* 

This state of affairs deserves attention and 
alteration. Special regulations and Acts have' 
been made, both on the Continent and in 
America, which govern the use of reinforced 
concrete, and very properly require the employ- 
ment of the best materials and the supervision 
of the work by skilled foremen. 

The Hennebique system of reinforcing con- 
crete has, however, been employed in London 
in places over which tlie London County 
Council have no jurisdiction, nitably at the 
Victoria and the Albert Docks, where granaries 
and warehouses have been constructed. 

Essential Conditions. Even without 
State regulations, these conditions must be 
strictly observed, otherwise failure will result. 

The quality of the materials to be used must 
be absolutely the best. The concrete must b© 
made with Portland cement, and not inferior 
cement or lime. 

For watertight walls, tanks, conduits, pipes, 
etc?., or similar work, the concrete must be made 
with sand anrl cement only, to assure imper- 
meability, but where thickness is required as - 
well as impermeability, the? ftt(?cwork can be 
made with rich mortar and a ba"?king of concrete, 
not quite so richly gaugi^d as the mortar. When 
pipes constructed of p(?inforced concrete are 
exp.'ct('d to stand high pressures, a lining of 
met a! is used to prevent leakage. This, however, 
increases the cost of coftstruction, making it 
sometimes more e(?onomical to employ ordinary 
sleo! or iron pipes. 

It is ncoc.ssary to see that the concrete is well 
rammed round the metal, so that no voids exist. 
Wliere large sections of metal are employed, it is 
advisable to paint all metal work with cement 
grout before it is embedded, as by so doing the 
mass is mad' homogeneous — tbo metal being 
we I cleaned previously. Another, and perhaps 
tho best, reason for painting tin? metal before it is 
bedtled is that, from experiments lasting over a 
number of years, it has been found that the sur- 
face of the metal is, by chemical action, covered 
,vich a coating of silicate of iron. Tnis coating 
prevents rusting after the metal is embedded, 
and it has been found that rust existing previous 
to the embedding of the metal has been' re- 
moved. Tais is of great importance, as at one 
time some doubt existed as to the life 6i te- 
infoioed concrete struoturv?s, especially tbipiiie 
partially or wholly submerged. 

The Field of Reinforced Concrdt^i^ 

Reinforced concrete can be economical}^ 
employed on bridges, buildings, floors, 'tanks, 
etc., etc., the cost of the work being lowered, 
while there is no loss of stablfity. It is 
ejsential that reinforced concrete zfttist be 
de.)igned, as well as carried out, ^iefttiflodly, 
and« as before^ stated, only the best m^t^flAls 
must be employed. Unsoientifle r^iftlotei^ieiit , 
produces wa.ste of mat^ialt addi ifta^ cause 
disaetroui results. It is, tlMnref^re^ ueoeisaty. 
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to look minutely into every detail of eon- 
utruotion. 

Advantases of Reinforced Concrete. 

There are many advantages in the use of 
reinforced concrete. Perhaps the gi\>ate8t one 
is that of economy in cost and rapidity in 
construction. By employing this system, largo 
masses of concrete or masonry can ho saved, 
without loss of stability, and the cost of main- 
tenance is practically nil. Mouldings for bridges 
or buildings can be made witliout false work of 


i^ny kind, and ar3 oftm made on thi ground, 
being placed in position as the work proceeds. 

Untels, sills, mulUons, and other small fram- 
ing are generally moulded prior to their being 
fixed in position, tne rods being tied together with 
wire distance pieces. 

Structures of reinforced concrete are heavier 
for stippo^hg the same load thait tho.se where 
iron steel cmly is used. Tne hygienic value of 
struhtures made with reinforoea concrete is 
Msptttabli* for they hid easily be cleaned and 


diainfe<jtcd, and do not harbour microbes. The 
firo-resistiiig properties of reinforced ooiiorete 
have been proved beyond doubt, the low 
conductivity of the concrete protecting the metal 
from heating unduly. Buildings have been found 
to be as strong after a fierce fire as before, 
practically the only rc}>airs necessary being b) 
fittings. The finer the mesh of the reinforcing 
metal in the (h^ors, etc., etc., the less the liability 
of the concrete to crack. Ordinary concrete 
rapidly disintegrates when subjootod to sudden 


cooling, as when water is thrown upon it in times 
of fire. No such disintegration occurs with 
properly reinforced concrete. . Tnis is due to the 
coefficients of expansion of concrete and iron 
being practically the same, and therefore no 
internal stresses are set up by the differences 
of expansion or contraction. 

Another great advantage of reinforced con- 
crete is that it is free from decay due to damp, 
or the attacks of marine or other insects whi^h 
cause so much damage to timber structures. 

. 1640 







1*1 - 



• - [ 1 

» 


[ r i 

S 


.If. 1 

1 

• 

L- 


SECTION 

18. ARMOCRETE 
COLUMN 

A. g in. Metal xniral 
IJ. J in. V'ertieal liari* 


16. ARMOCRETE lULEH 
A. .Meial spirals. H. Vertical 
liars 


{ ■.> — r-i.' . 

■rr 



1 

■M 





20. FERRO-t’ONCKKTB REAM 



iirr-ii i-mTnrrrrrowTT^r-fl^ 





I)lav:niiii 

section l>en:n. 


1 




1 

If 

1 E\treinc suction E I) 


4 


1 re!.isUi).i» tlie inaxliiiuui 


J 


j sliuarlnjt Hlress 

1 ■ / 







Mifidlc !-ci‘tion A It 




rcMsHnp the n lixiinnm 




li ndh'p: moment 


21. ITENNEniQUE’S SY.STJSIVI 

ZZ7-I3C 



24. SECTION OF BEAMS— HENNEBIQUE’s 
RY.STEM 




25. HJsyyEBiQVK s .system 
•iuiictiou of two lieaiiis and pi Ear 



26. HENNEBIQrK’.S SYSTEM. 
Cross section throii;;)i lieaiii 



OtVIk KNQINBIItINQ 


Kealstance to Vibration. The re- 
sistance to shocks and vibrations is very marked, 
as will bo seen from the following experiments : 

A weight of 112 lb. dropped 6 ft. 6 in. on an 
iron and brick floor produced vibrations 1 *';^ in. 
in amplitude, lasting two seconds, while a weight 
220 lb. dropped 13 ft. on a reinforced concrete 
floor produced vibrations in., lasting C» second. 
When floors are to stand shocks or vibrations it 
is necessary to increase the richness of the 
concrete. 

Tanks constructed of reinforced concrete 
.withstand the action of* alkalies better than 
when constructed of timber, but free carbonic 
acid, nitric, and hydrochloric acids have bad 
effects on the concrete. In cas.M where tie 
solutions are weak, an increase of richness of the 
concrete overcomes this difficulty, but where 
strong acids are prevalent, reinforced concrete 
pipes, etc., should not be used. Hot fluids should 
never be turned into pipes mad(5 with reinforced 
concrete. 

Influence of Atmospheric Action. 

Atmospheric action on reinforced concrete, such 
as humidity, causes elongation, while excessive 
dryness causes contraction. This action is more 
noticeable wliero the <!onoret(^ has been made 
rich in cement. There is consequently a dis- 
advantage in the employment of reinforced 
concrete in certain (flimates, applying more 
especially to exposed structures than to buildings 
or similar works. Timber expansion strips have 
been successfully used for retaining walls, but 
they cannot be employed for watertight work. 
La^o 'arches arid small bridges have been 
constructed with hinge.H on the abutments to 
overcome this difficulty. 

The high percentage of dead to live loid 
prevents the employment of reinforot'd coneivto 
for bridges of very large spans. 

The greatest care must be taken when removing 
centring, struts, props, etc., etc., from the work 
after its completion. Tt is best to leave all 
shuttering, centres, etc., etc., in position for 
several days, to allow the concrete to set 
thoroughly. The whole structure should remain 
for some weeks before any tests arc applied to it. 
This period of rest is generally taken to be not 
le.s8 than four weeks, but it depends on the 
nature of the structure. 

Estimating the Reinforcement. In 
determining the amount of metal necessary for 
reinforcing any particular structure, note must 
be taken of the quantity of cement to be em- 
ployed in the concrete. The metal should have 
sufficient sectional area to sustain all the tensile 
stresses, but it should be observed that these 
stij^^ses must not exceed the coefficient of elas- 
ticity of the concrete, or cracking will occur. The 
position of the bars is found from the fact that 
the value is in direct proportion to their distance 
from their neutral axis. The safe tensile stress 
for iron bars varies between 6 and 7 tons per 
square inch. 

The modulus of elasticity of steel may be taken 
as l^tween 30^000,000 and 30,000,000 lb, per 
equate inch, and that of concrete from 1,000,000 
to 4, 000, 0^^^. I^r square inch, according to the 
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amount of cement in the mixture. Another im- 
portant factor is the amount of water used in 
mixing t\ie concrete, as, should it be used too 
freely, a loss of elasticity occurs. It is necessary 
to have sufficient water for hydrating the 
cement, and for c 'dinary cement it may be 
taken that the best results are obtained by 
adding 4 to gallons of water to each cubic foot 
of cement used. Tt has been found that it is 
better to use the concrete fairly dry, and to 
ram it well into position round the metal. 

Tensile Resistance. The resistance of 
concrete to tensile stre.sses is taken to be from 
one-tenth to one-twelfth that of its resistance to 
compression. Tn America the compressive stress 
for conorotc is taken to be 500 lb. per square inch, 
w^hile in Prussia it varies from 285 to 500 lb, per 
square inch, according to gauging. 

The following tabic gives some of the results 
arrived at by Professor Hatt when experi- 
menting with cement mortar gauged 3 to I ; 



Btreii^th in lb. per 

Ratio of 

Time after 

! Siiuare Inch. 

C^ompresaive 

Moulding. 

; . 

.... 

to 

Tenailo 


Oniiprewive. 

Tensile. 

Strength. 

7 flays 

i 1 45 

412 

7-65 

flays 

.5.8(50 

605 

U SO 

S months . . 

I 8,00) 

620 

12-78 


From experiments carried out by Mr. Baker, 
and tabulated in his book, “ Masonry Con- 
struction,'’ the com press ivc strength of concrete 
is found to vary almost directly as the strength 
to which it has been gauged. The following table 
shows the crushing strength taken 600 days after 
moulding : 


Proportion of the Mortur 
uaefl with tli8 aame Stone. 

Proportion 

of 

Cruahing 



Cement 

Strength. 

t’emeiit. 

Sand. 

llelativo. 

1 

1 

1 -00* 

6,000 

1 

2 

0-67 

2,300 

1 

:i 

0-6« 

2,600 

1 

4 

0-40 

2,000 

1 

5 

0-33 

1,600 


Dr. R. Dykerhoff carried out some experi- 
ments on concrete cubes 28 days after moulding. 
The results are tabulated below: 
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1 
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4 

0 

1,068 
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It will be seen that concrete composed of 
cement, sand, and stone, or shingle, is always 
stronger than that composed only of cement and 
sand. By comparing these tables, it will be 
noticed that the strength of the concrete increases 
with its age. 

Compression Limit. In reinforced con- 
crete structures the safe limit for compression 
may be taken as 1,450 lb. per square inch. This 
is the mean value after six weeks from moulding, 
and by allowing a further factor of safety of 
3*6, the compressive resistance becomes 415 lb. 
per square inch. This figure is low when it is 
considered that experiments on large pieces 
show a resistance as high as 2,510 to 3,490 lb. 
per square inch at failure. Taking a safe limit 
at two-thirds of the final resistance, and allowing 
for the factor of safety 3 5, we get as safe stresses 
066 lb. per square inch. 

Taking everything into consideration, it is 
advisable to adopt 400 lb. per square inch for 
pieces in direct compression and reinforced with 
longitudinal bars tied with cross-pieces, and 
600 lb. per square inch where pieces are to be 
subjected to bending. Where vilwation is antici- 
pated the figure is sometimes taken as -360 lb. 
per square inch. Tt must be borne in mind that 
special cases require to be skilfully dealt with 
by the designer. 

The resistance of concrete to shearing is taken 
as one-eighth of its resistance to compre-ision — 
that is, about 50 lb. per square inch. 

In calculating the ttmsilc stresses to be taken 
by a reinforced (joncreh) structure, the value of 
the resistance of the concrete is at prescuit 
neglected. This is on the safe side, but when 
the behaviour and properties of rtnnforced con- 
crete are better known, the tensile assistance duo 
to the concrete may be taken into consideration. 

Fire-resisting Properties. The fire- 
resisting advantages of reinforced concrete 
must not be relied on unless certain conditions 
are observed, the neglect of which involves 
serious consequences. Tlie main points for 
attention are the proper protection of the 
metal work by embedding all rods, etc., in 
suitable aggregate, and in making the aggregate 
of materials which are fire-resisting. The sub- 
ject has received attention from the Fire Offices’ 
Committee, who have issued rules defining the 
essentials to be observed to bring buildings 
constructed on this system within the insuraneo 
lines. The rules refer to embedded metal rods 
or bars spaced not more tlian 12 in. apart and 
overlapping at least 6 in. at all abutmtmts and 
intersections, and having bands or bars across 
the concrete, and specify that walls and parti- 
tions must be of brick, torra-cotta and cement 


concrete composed of broken brick, burnt 
ballast, furnace clinker, or similar bard or burnt 
material ; that the concrete is to be composed 
of sand and gravel which will pass through a 
I in. mesh, or of the afore-mentioned materials. 
It is also provided that the cement used should 
be Portland (I'qual to tho British Standard 
Specification of December, 1994), in the pro- 
portion of 6 cwt. of cement to each cubic yard 
of concrete, and that tho concrete must be 
thoroughly mixed. lK)th dry and wet, and must 
be rammed round the metal work in position. 
Every part of tho metal work must be closely 
encased in solid concrete. The rules require 
the external walls to ho not less than 0 in., and 
party walls not less than 13 in. thick ; that 
floors must be constructed of iMunforced con- 
crete not less than 5 in. thick in any f)art (no 
woodwork to he embedded therein), supported 
on beams or columns of similar reinforced 
concrete. 

Reinforced Concrete Roofs. Roofs. 

if constructed of ri'inforced (ioncrote, may 
bo dealt with as fioors, but in no part shall 
tho concroto be less than 3 in. thick. It is 
required that all metal work must be (imbedded 
in solid concrete, so that no part of any rod 
Or bar shall be nearer the Uiov of tlui concrete 
than double its diameter. Such thickness of 
concrete raiist, in no (5ase, he l(‘ss than I in., 
but need not he more than *2 in. 

These rules, and others which have not boon 
referretl to, affiml a basis for any legislation, or 
bylaws, which may be nec(*ssary to enable the 
advantages of this most i»nportant system to 
be utilised without the risks which would result 
from its employment by unskilful or ignorant 
persons. Several cases are known whore unsatis- 
factory resu Its have attemhid the unskilful use of 
reinforced concrete. One occurred in Madrid, in 
June, 1905, wh(m the columns supporting the 
roof of a cover(xl reservoir in eourse of construc- 
tion gave way. The roof consisted of arches 
of reinforced concrete* of 4 in. total thickness 
and 19 ft. span with a rise of ono-tenth the span. 
These arches took their springing from girders 
of reinforced concrete, each of which ext(mded in 
a continuous length over two compartments, and 
thus measuri^d 589 ft. in total length. The 
depth of tho girders was 20 in., and ilie width 
of the top was 10 in., being l(?ss at tho bottom. 
These girders were support(^d on ferro-concrete 
columns 10 in. square and 27 ft. 6 in. long 
without any bracing. Owing to the changes 
of temp(U’atur(i which occurred, and tlujir effect 
upon the long girdm’s, together with the absence 
of bracing to tho columns, distortions took 
place which rosiiUed in complete failure. 


Rdnforcei Concrete amvluded 
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SEEH^G NORTH A^IM^ \ ' 

A Concise Guide to the Chief Centres of Historical, Picturesque, |Uld 
Industrial Interest in British North America and the United States 


By J. A. HAMMERTON and WILLIAM DURBAN, B.A. 


LJAVING, in the preceding sectionR of thw 
* * couroe in f ducat ional travel given a com- 
plete guide to all the leading features of interest 
on the Continent of Europe, we now conclude 
our series of outline tours with Canada and the 
United States. It was clearly impossible to 
treat the whole globe in the manner in which we 
have dealt with Europe, and we have had to 
choose between suggesting tours in Egypt, Pales- 
tine, India, South Africa, or any of those other 
quarters of the eaith which teem with interest 
to the studious traveller, and confining ourselves 
to North America. In Canada and the United 
States the advance of industry makes these coun- 
tries of paramount importance to the student. 

THE UNITED STATES 

The United States of America io a land of 
unspeakable interest in many direct ion.<. It ij* 
the most wonderful sociologiccil laboratory that 
the world ever knew. All the industrial, 
economic, social, ecclesiastical, and political 
problems that concern humanity arc hero in 
the crucible. With a rapidly increasing popu- 
lation of nearly eighty millions, giant cities are 
S|)ringing up in which the most advanced 
civilisation is in full evidence. 

When to Visit America. The best 
periods of the year for a visit to the United Ste^tes 
or© spring or early summer, from the. middle of 
April to the beginning of July, and autumn, from 
the beginning of September to the middle of 
November. The weather is, at these times, 
|(enerally settled, and the atmosphere is enchant- 
ing. At other seasons extreme heat or cold, 
heavy and continued floods, or violent r.torms, 
are apt to render tovclling exceedingly un- 
comfortable. Juno is charming, and above all, 
the “ Indian summer ’’ of October, which uo 
amazed the Pilgrim Fathers and Puritans at 
first, is exquisite in its wonderful displays of 
autumnal tints and delicious temperature. Tho 
land then overflows with fruit. 

A month^s absence from England is often used 
by holiday travellers for what is, of course, an 
exoeodingly brief sojourn in so vast a country, 
seeing that tho first and lai.t weeks are entirely 
absorbed in tho voyages out and back. The 
quickest linos only allow of such speedy transit. 

du]j|ig a fortnight, a never-to-be-forgotten 
glimpse may be enjoyed of New York, Brooklyn, 
Phil<4plphia, Washington, Baltimore, Buffalo, 

^ Bipston, Nia^ra, and Detroit. 

A Month in the United States, 
Quite a month ahould be taken if anything 
like a real Idea of some few of the most 
. important parts of this wonderful country is to 
be gained. 

Day. N»w Voric : The CUy 
BiU qi^tro of the town, Whero are the 


snleiidid newHpapor <»ffiee8 in greatest number* 
Tho two Suspension Bridges over East Biver. Broad* 
way, the chief artery of traffic. Fifth Avenue, with 
tho ia.inHiouR of liio multimillionaires. Astor 
House, tho old huHinoss hotel and reataurant. 
Waldorf-Astoria Hotel, the most i“ the 

world. The mammoth Stores of Siegel, Cooper, 
Wannamakcr, Macoy, Altmami, and other Arms. 

A ride on the Hudson past tlie Palisades and on to 
Tarrgtown, tho homo of Washington Irving. The 
great Astor Library. A drive through Central Park, 
The new and immentse Zoo. Columbia UniVersUy^ 
Tho chief Churches, including Grace Church, the 
Koman Catlmlic ("athodral. Trinity, Fifth Avenue 
Presbyterian. A stroll in Chinatown. A walk along 
Bowery. Riverside, with Grant’s splendid tomb. 

Sixth Day. Brooklyn : Plymouth Church, scene 
of Henry Ward Beecher’s ministry. His statue in the 
Town It aV Square. Greenwood, the beautiful cemetery. 

A drive to ./arnaicft, as a sample of a lovely suburban 
re.<idontittl villsge. Ride to Coney Island, 

Skvknth and Kioutji Days. Across the Hudson 
111 New .lersey State. Ramble for a day roiuid tho 
beautiful district of Montvhi r, in which live the 
majority of New York’s editors, journalists, authors, 
artists, etc. Ne\.t day take a trip from Montclair 
over the Orange Mountains and visit Kagte Point 
for the glorious view. 

Ninth Day. Visit Paterson, ^^ith its famous 
silk mills, and Newark, the American Birmingham. 
Also, near bv, the lovely little town of Madison, a 
re-idonco of millionaires. 

Tenth Day. IIaktkord, tho capital of Connec- 
ticut, is a beautiful sample of an American city. 
Bu hneli Park, with exquisite Kountain, and fine 
Miunonal Arch. The magnificent State Capitol, 
one of tlie most beautiful of all American buildings. 
'Phe famous ('hnrter Oak Tree ; Trinity CoVjtge ; 
Colt Memorial College : Mark Twain^s House. 

Eleventh Day. The beautiful Park called the 
Common. Tho Frog Pond. The lovely Maid of the 
Mist Fountain. Jieacon Hill, with the fine State 
House on summit. Old Soufh Church, and Old 
North Church, uith Paul Revare’s Signal Lanterns. 
Faneinl HaH, tho “ Cradle of American Liberty.” 
The Old State House witJi ” Independence Window,”* 
North 8(|uare, with Paul Revere House, The 
beautiful New Public Library ; Museum of Fine 
Arts : Commonwealth Avenue, with Garrison’s 
Statue; Mossachuselt's Institute of Technology : and 
Leif Kricson Statue. The city is compact, and all 
mav l>e se^n in a day if needful. 

Twelfth Day. Journey to Buffalo. 

Thirteenth Day. Buffalo is a beautiful city, 
and cun be seen in a day. Its suburbeiare espectally 
fascinating. The town contains 80 churches, many 
being splendid stnietures. Main Street, two miles 
long and 120 feet wide; City Hall, cost i^40Q,00Oi 
the Post Office ; tho Park ; the Buffalo Biveff are 
the chief points of intei’est. Lake Erie is only two 
miles from that city. 

Fourteenth Day. Niagara is reached from 
Buffalo by car ride of only 20 miles. See American 
and Horseshoe Falls ; Goat Island ; Luna Island : 
the pretty town ; the Bapids above the Falk ) the 
Caqi&act below, the wonderful Gorge, and ^ 
Sumnsion and Bailway Bridges. ^ 

Fifternth Day. Journey to Detroit. 

SixTRXNiSc Day. Detroit^ One at America's 
loveliest cities. See the beautiful Mvtf 

between Lakes Erie and St, Claire ^ 

CiidhoHc (Cathedral; fine City HaU; beautfful Opwd 



TRAVlt. 


. UtMiotn tiouse. y:h<»*CHy extends for 

vviren miles along the riverside, 

SavsNTKEKTB AKO Eiqbtbekth Days. Joumey 
« to CxvrciKNATi. This magnificently situated city, 
y/hich used to be stvled tlie “ Queen of the West,” 
is on the great , Onio River, looking across into 
Kentucky. The visitor is here on the northern edge 
of the Southern belt. Cincinnati is celebrated for its 
superb ring of suburbs, all situated on wooded bills. 
It lies in the 1cm of these heights. The Music 
Hall is one of the finest assembly buildings in the land. 

Nineteenth Day. LonrsviLLE : This is the 
handsomest city in Kentucky. The Falls of the 
Ohio ; Ma\n Streety three miles long, a magnificent 
avenue ; and tha fine Court House, are the chief 
sights. Great tobacco and other factories. 

Twentieth and Twentv-kirst Days. Two days 
a^ needed for journey to St. Louis and survey of 
city and its environs. It is the must important city 
of Missouri, and stands on the great Mississippi. 
It possesses a fine Court House ; splendid City Hall ; 
several of the world’s largest hotels, and many fine 
p^lic buildings, as well as the Washington Vniueraity. 
There are many immense factories and warehouses. 
The Custom House, cost £1,000,000. 

Twenty-second and Twenty-thikd Days. 
Chicago is, like New York, a “ City of Skyscrapers.” 
It has the hnest University Buildings in America. 
The great Armour Packing EstaUishment ; the groat 
Armour Educational Institute ; the famous Crain 
Elevators; the vast Lumber Market; many magnifi- 
cent churches and palatial business houses comprise 
its objects of interest. 

Twenty-fourth and Twenty-fifth Days. 
Journey to Washington. The visitor might elect 
to tako Chicago first before St. Louis and Louisville. 
But either way he cannot see tlieso great northern 
cities and also take a trip south to Wasliiugton 
without a long jqurnoy. 

Twenty-sixth Day. Washington is certainly the 
city of which America is proudest. Its chief sights 
are : The Capitoly all of white marble, with Senate 
Rouse and House of Represontativos ; the A’^o/'ionaf 
Lihraruy one of tlie most sumptuous buildings on earth, 
also of white marble ; the Washington Obelisk : the 
magnificent Avenues ; and the White House.. 

Twenty -SEVENTH Day. VMsit the Potomac ami 
take a trip on the river to Mount Frrwon, the hoaiitiful 
home of Washington, The Graves of Washingtoii 
and his wife are in the grounds. 

Twenty-eighth Day, Baltimore is a beaut if iil 
city, called by the natives the “Monumental City,” 
and also the “ Oriole City.” Many beautiful monu- 
ments, of which the most famous is the elegant 
Ohelisky in honour of the defenders of the city in 
i 1,416 ; the John Hopkins University, America’s 
groatost scientido institution ; tho City Hally one 
of the finest buildings in the States ; and the mag- 
nificent Homan Cat^lio Cathedraly with celebrated 
or^n; all worthy of a visit. 

Twenty-ninth Day.^ I’hiladelphta is the 
largest American city in area, extending over 22 
miles in length. It is u historic and beautiful 
dty, and possesses numerous ' fine park-squares. 
independence Hally whore was signed the famous 
Declaration of ^Independence ; tho Academy of 
f’me .<4rte, with gallery of over 1,000 pictures ; the 
Oirard Collegcy of wliite ma/hle ; the Pennsylvania 
Universityy . with America’s best medical school, 
are its lea^ng features of interest. 

Thirtieth Day^ Back to Now York. 

'Longer Tours. It is impossible to tour 
through both the Eastern and Western States 
in less than two months. Tho most eligible 
Western extension is through Kansas, Colorado, 
Utah, and Nevada, into Caiuornia. An excellent 
plan is to return by the northern route through 
Oregon^ Washington State, Idaho, North Dakota, 
and l^^nekota and Wisconsin. 

Travdlf Woodt and Expense. America 
» ^not an economical country for travel. 


The average railway fare is three cefits (throe 
halfpence) peK mile. Many meals must bo taken 
on the train, and the price for each of these is a 
dollar. But fried chicken, fruit; cakes, etc., can 
always be had at the stopping points. The cost 
of a sleeping berth is ten shillings on. most lines, 
in addition to tho faro for tho journey. There 
are no separate classes of carriages. Hotel 
accommodation is usually more expensive than 
in European countries, and service is specially 
(iostly, laundry charges being higli. Feeding is 
luxurious. But the dietetics of America induce 
serious tendencies to dyspepsia. 

Literature. Wc may specially commend 
Steevena’s “ Land of the Dollar,” Lovett’s 
“ United States Pictures,” Sala’s ” America 
Revisited,” Rebecca Harding Davis’s “ American 
Life,” Brydge’s “ Uncle Sam at Home,” Archer’s 
“America of To-day,” Vivian’s “Notes of a 
Tour,” Max O’RcH’s “Frenchman in America,” 
Dean Hole’s “ Little Tour in America,*’ Hatton’s 
“To-day in America,” Foster Fraser’s “America 
atW’ork,” and Manning’s “American Pi(‘turcs.” 

CANADA 

The “ Land of the Maple Leaf ” is at length 
taking its rightful jilaco in the estocni of those 
who dcisire to see other count ries than this. It is a 
magnificent region, of an extent difficult to realise 
hy mere examination of the map. Its climato is 
one of Bovero extremes — but they arc eminently 
salubrious extremes— described as “ honest heat 
in summer, and honest cold in winter,” with 
glorious sunshine through tho year. The fer- 
tility of (?anada is almost unrivalled, and its 
food-producing capacity is absolutely incalcul- 
able. Its grand forest s and prair ies are gay with 
wild flowers and tobacco. Indian corn, melons, 
peaches and grapes flourish prodigiously. Roots 
of all kinds grow to monstrous weight, Its old 
cities are full of historic fascination' for the 
visitor ; and its lakes, rivers, and mountains 
make up a panorama of superb scenery which 
could not bo explored in the longest lifetime. 
Being now^ only eiglit days from our shores, 
(Canada is easily accessible. 

How and' When to Visit Canada. 
Many tourists, very unadvisedly — to save forty- 
eight hours — roach Canada hy the comparatively 
dull route via New York. They thus incur more 
trouble and expense, and miss the wonderfully 
beautiful voyage up the St. Lawrence to Quebec. 
The best time to’ vis it C’anada is in the autumn, 
when tho country is seen in its loveliest garb, 
and the atmosphoro is both delightfully balmy 
and also extremely exh ilarat ing. At that season, 
the northern and shorter of the tw^o routes past 
Newfoundland is in regular use. This is the 
Belle Isle route. ^ 

A Month in Canada. Not less than a 
month necessary for tho tourist who would 
r.00 the chief points of interest, even in the. 
eastern half of the Dominion. 

First to Third Days. Quebec, superbly situ- 
ated, is a monumental city, full of memorials of the 
old French days. Tho chief sights arc : tho UreuUne 
Convent, in which most of tho young ladios of tho 
city are educated, and in the chapel of which is a 
monument to the Marquis Montcalm, whose skull is 
reverently preserved ; tlie old IP'tel Dieu, still marked 
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with BritiaT) CAnnon balla ; th» great £aval Vniver» 
with its towering ancient ahd kpo^em bnUdings, 
and also with the nnest collection ’>>bl pictures in 
Canada ; the dne new City HolU of greystone ; the 
Baeilica, or Fnndh Cathedral, richly decorated within 
and containing many valuable paintings by Vandyke 
and others } the English Cathedral, containing in a 
little chapel the body of Montcalm ; the lofty and * 
massive Citadel; and the famous Plains of Abraham ; 
the Provincial Parliament buildings, a fine block of 
grwstone in the French Renaissance style. 

Fouuth Day. Falls of Montmorenci. One of the 
most beautiful scenes in the environs of Quebec ; 

. also the historio headquarters of General Wolfe — a 
long, low»raftered, typical French •Canadian cottage. 

Fifth Day, By the little branch railway to the 
celebrated pilgrimage Church of St. Anne, de Heatipre. 
visited by nninenso numbers of devotees. 

Sixth to Eighth Days. Montreal.* Here the 
tourist will visit the immense and imposing Itoinan 
CathoUc Cathedral, with two tall square towers ; the 
celebrated McGill University, called the “ Pride of 
Montreal ” ; Mont Itoyale, or the Mountain, the mo.st 
b^utiful city park on the whole American continent, 
With gloriotis view ; the splendid tubular raipvay 
bridges on the Grand Trunk and the Canadian Pacific ; 
the beautiful Chateau de liarneay, 200 years old, a 
Wonderfully interesting building in the heart of the 
busy city, containing a great store of pictures, relics, 
curios, and treasures of every kiml (jonnccted with 
old times, both English and French; the Viger 
Gardens, the Dominion Square ; the Place (i*Arm(’> : 
and the great modern Cathedral of St. James, with 
frescoed dome 260 feet high. 

Ninth DitY. Lachine. Rapids. This expedition 
from Montreal down the last and most violent falls 
of the St. Lawrence is a terrific experience, but- 
absolutely safe on the small steamer in skilled hands. 
The traveller now makes for the TVovince i»f Ontario, 
the lioaH and contro of Cumnla. 

Tenth TO Thirteenth Days. Ottawa. Hero is 
reached the proud c.apital of the Dominion Govern- 
ment. The grand Parliament HaUding^ are magnifi- 
ceutly seated on a lofty hill, commanding a view of 
the Ottawa and of vast stretches of forest, plain, and 
mountain. Th<' Senate Chamber, tln^ House of • 
Commons, with its detached wings containing various 

E ublic departments, the JAbrary, one of the most 
eautiful buildings in the country, and Qm immense 
lumber works on the River Ottawa," are all worthy 
of inspection. The tcjw'n of Hull opjiositc, wdth its 
vast lumber yards, and the Falls of Chaudicre, n 
mile distant, should also bo visited. 

Fourteenth to Seventeenth Days. Toronto 
is in many respects the most interesting of all 
Canadian cities, and may bo consideretl the real heart 
of the country ; the focus of the nation’s life and 
activity. It is also a very beautiful city laid out 
in rej^lar parallelograms, with fine substantial build- 
ings, in splendid streets, ft has a quarter of a million 
inhabitants, and many flourishing industries. Visit 
St. Jameses Cathedral ; Toronto Club ; Queen's Park : 
University; Trinity College, in magnificent grounds ; 
Victoria Presbyterian, and MacM aster Baptist 
Colleges, splendid establishments ; Parliament House, 
a single chamber: and Osgood Hall, with law courts. ^ 
libraries, and judges’ chambers. 

Eighteenth Day. Hamilton should bo visited as 


Faciflo 

Huron and Superior. 


a iypioal Canadian town, handsome* and prosperous, 
witWWO.OOO inhabitants. It is only 35 miles from 
Niagara and 46 from Toronto, on the west end of 
Lake Ontario, and is a great railway contro, with 
biff locomotive and car w'orks. 

Nineteenth Day. Leave Toronto by boat-train 
about mid-day, and in three hours, passing through 
pleasant farming country, reach Owen Sound, on 
i^rgiaft. Bay, Lake Huron. This is a typical lake- 
shore town, . with about 6,000 people. Here the 
.tourist takes' one of the fine Clyde-built Canadian- 


bn the two inland seas,: 
The voyage Is very piotinr^ 
esque, the first stage being outside, the archipela^ 
of islands fringing the eastern coast 0L|«ake. Huron : 
for 16 hours, then up the Nariows between the feleta ? 
to Sault St. Marie. Then &e rapids with their , 
famous locks. T 

Twbnmeth Day. Sault St. Mary, generally 
called “ The Soo,” is a place of growing importance. 
The wonderful RaMs, a mile ^nde, and the largest' 
pulp mills on earth (wood-pulp to-day makes four- 
fifths of the world’s paper; are to be noted here.\f. 

TwENTY-riiWT Day. Steamer voyage along* Lake 

Superior to Thunder Bay, 300 miles. 

Twbnty-second Day. Thunder BayT witji two 
towns. Port Arthur and Fort William, at mouth of the 
KarniniHtiquia River. Mighty elevators for Mani- 
toban wheat, the grand Thunder Cape, the splendid 
spruce, codai*, and tamarak forests behind the towns, 
clothing the hills, are the main items of interest. 

Twenty -THIRD Day. Rail from Fort William to 
Winnipeg on Canailian-Fucifio line, through the 
romantic Rainy River district of New Ontario into 
Manitoba, passing through the vast virgin forest. 

Twenty-fourth Day. Winnipeg is a young 
hut handsome and enterprising city of 60,000 pe )ple. 
Its streets are wider than those of any other city in 
the world, and it is built on deep, rich, black earthy 
with fine buildings of redstone. greystone, 'and red or 
white brick. Tht're are .splendid educational insti- 
tiitions. including the University and St. j ohn's, Mani- 
toba, and Wesley Colleges. The Grand Square, with 
tall column commemorativo of Canadian soldiers wlu) 
have fallen in battk‘. the imposing Parliament 
Buildings, the fine City Hall ana' spacious Market, 
arc all interesting, and not less so its most cosmo- 
politan population. Spmid 25th day here^lso. 

Twenty-sixth Day. The tourist shopid begin the 
* all rail ” return journey. Having come to Winni- 
peg by the Lake route, he should go hack by rail to 
Lake Nipissing, traversing a most picturesque region, 
famous for hunting, fishing, and lumbering. 

Tw'entv-skvrnth Day. Notice the Haft Portage 
on JMke of the Woods, the lovely scenery. This is 
the centre of saw ing and milling, and also the hea<i- 
(piarters of a splendid sporting district. 
Twenty-eighth Day. Lake Nipissing. 

Twenty -NINTH Day. Ottawa. 

Thirtieth Day. Montreal. Thus, the tourist 
has enjoyed a month’s leisurely and fairly complet-e 
survey of one of the grandest sections of the British 
Empire. .If ho can spare a second month, he can 
un<lertake tho journey farther wrest, and can make 
ac<juaintanoe with the great ranching, wheat-growing, 
lumbering, and salmon-canning region of Assiniboia, 
Alberta, and British Columbia. Hero he enters * 
an entirely new world. 

Canada is a land of profuse hospitality. Its 
people love to greet and oblige interested and 
inquiring strangers. In tho loading hotels of the 
groat cities tho tariff varies from three to five 
dollars a day ; in smaller hotels in those citjos, 
and in the best hotels in tho country towns. It 
ranges from two to three dollaTt|r 
l&ooKs on Canada. Tho Tbost books are 
“Canadian Pictures drawn with Pen and Pencil,” 
by the Duko of Argyll ; ** Canada in the . 
Twentieth Century,” by A, G. Bradley ; “ Tho 
Canadian Dominion,^* by C, Marshall ; Lady 
Dufferin’s “ Journal ” ; Through Canada with 
a Kodak,” by the Countess Of AWdeen ; ' ** To 
Canada with Emigrants,” by J. E, Ritchie; 
Monck’s “My Can|idian Leaves Slad3n’s 
“On the Cars and Off ” ; and Roper’s “By 
Track and Rail Through Canada.” 

Continued 
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CHEMISTS AND DRUGGISTS 

Generally speaking; a registered chemist is 
regarded merely as a 8Ui>erior type of shop- 
keeper — a man who sells drugs, medicines, and 
toilet sundries in much the same way that a 
grocer vends his particular class of wares. 
Comparatively few realise that the chemist, 
even the owner of a small shop in the meanest 
bkek street of any town in the country, must be 
a man of considerable attainments and not a 
little scientific knowledge. 

Preliminary Examination. One of the 

first essentials for a successful chemist— or 
pharmacist, as ho prefers to be called— is a 
liking foj;;, and knowledge of, chemistry. For 
upon that science hinge the elemental principles 
of pharmacy, although chemistry is only one of 
the subjects of which a pharmacist ought to 
possess an intimate knowledge. The youth 
contemplating phamiacjy as his life-work must 
therefore have a liking for “ that branch of 
knowledge which teaches the properties of 
elementary^ substances and of their mutual 
conxbinations.” He must likewise be fairly 
well educated. For, before being apprenticed 
to a registered chemist, ought to pass a 
preliminary examination, such as is recognised 
by the Pharmaceutic!al Society of Great Britain, 
and which includes English grammar and 
composition, arithmetic, algebra, Euclid, Latin, 
and a modern foreign language. The passing of 
this examination before ap[)renticesliip is pre- 
ferable in every way, but not compulsory. It 
may be taken during the apprenticeship period, 
but such a course wastes time which would be 
better occupied in the acquisition of pratdical 
knowledge. 

^Apprenticeship. The “ ITcliminary ” 
having been successfully negotiated, a phar- 
macist with a good all-rouml business should 
be selected for the mentor of the future 
disciple of Galen. The best training for the 
youtn is obtained in a good mixed business 
;p*a provincial town. There he has a chance 
of learning all departments of the trade better 
than in a purely dispensing business, or in 
a pharmacy in London o’* one of the larger 
cities, wliere work runs more often . than not 
in a groove. Indoor apprenticeships in England 
and Wales were at one time almost the only 
means of training. Present day practice is 
tending to discourage the indoor system in 
pharmacy, and the outdoor apprenticeship, 
which has always held good in. Scotland, is being 
more generally adopts. In the case of in- 
dentured apprenticeships, premiums of from 
£60 to £100 are required, according to the class of 
business i, fcut a ||piall weekly wage is usually 
paid to the appreniioe engaged under the outdoor 


or Scotch system. The period of apprenticeship 
is from three to five years. Of course, one need 
not be apprenticed to a chemist at all, but in 
order to qualify for the Minor examination of the 
Pharmaceutical Society it is nece-ssary that the 
student has either been registered as a student 
of pharmacy for three years, or that for three 
years he has “been praelieally engaged in the 
translation and divspensing of prescriptions.” 
Some youths put in the requisite thi*ee years as 
“ dispensers “ to doctors, or help in the dis- 
pensaries of hospitals or other public institutions, 
but it will be recognised at once that such a 
training is too circumscribed and meagre for 
business suee(‘ss in after life. 

Examinations. When the apprenticeship 
l^eriod is over, the next best thing for the 
young man is to turn his thoughts seriously 
towards the passing of the Minor Examination, 
which qualifies liini as a “ chemist and druggist.” 
This is a statutory examination conducted by 
the Pharmaceutical Society of Great Britain, 
whose headquarters are at 17, Bloomsbury 
Square, London, W.C. The legal requirements 
of the Aels pcu'taining to pharmacy are that no 
one may assume, take, or use ihii title “ chemist 
and druggist,’' or “ dispensing chemist,” or 
“ pharmaceutical chemist,” or keep open shop 
for the sale of poisons, or sell poisons as named 
in the schedule of the Act, unless he or she 
satisfy the examiners. of the Pharmaceutical 
•Society of hi.s or her ability and thereby secure 
registration under the Act. This examination 
requires a fairly wide knowledge of botany, 
chemistry, and physics, materia medica, phar- 
macy, prac tical pharmacy and dispensing, and 
prescription reading. 

Certificates. If the apprentice has been 
serious, studious, and observant, and has taken 
advantage of all the benefits of evening courses 
at local teehni(!al schools or colleges, ho may go 
up and pass w ithout any special tuition. But the 
scope of the examination has l)een so widened, 
and the subjects have been so elaborated during 
recent years, that it is almost a necessity to 
^ take a courses or two at a school of pharmacy, 
of which then* are many in Loudon an4 the 
larger provincial towns. The average fee for a 
three months’ course, during which the exapiina 
lion subjects may be covered, is £10 lOs. Of 
course, books, some reagents, and the cost of board 
and lodging, have to be taken into account over * 
and above the fees. Before presenting himself for 
examination the candidate must be twenty-one 
years of age, and must pay an examination 
fee of £10 lOs. If successful, he js registered 
andean not only start as a chemist and-* druggist 
on his own account, but has also materially 
increased his pecuniary value as an assistant. A 
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higher examination (entrance fee £3 38.) is known 
as tile Major Examination. This entitles the 
aspirant to call himself a “ pharmacist,” a 
“ pharmaceutical chemist,” or a “ pharma- 
ceutist,” hut it is purely honorary. Its only 
practical value in after life, beyond giving the 
holder a certain higher status, is that it exempts 
him from jury service. These examinations are 
held at the hcadcpiarters of the Pharmaceutical 
Society anti at the Scottish branch, 36, York 
Place, Edinburgh. 

Assistantship. .Before launching into 
business a wide and varied experience is 
necessary. The young man should tuidt'avour 
to secure an assistantship, or a series of assist- 
antships, in businesses of different types. «\ 
year or two spent in a good-class West 
End London pharmacy is useful in after life, 
but berths in these are often indoor, witli long 
hours, night duties, and small salaries. The 
improver —untjuali tied — may reeeive a salary 
varying from £30 to £50 j)(;r annum indoors, or 
from £1 to £1 10s. weekly if the situation be out- 
door. The fpialitied assistant comma luls mueh 
higher remuneration ; £60 to £P20 j)er annum 
indoors, and £2 to £3 10s. per week outdoors being 
usual, according to experience and ability. A 
Continental experience is of inofilculable benefit, 
not only on account of the kudos to be obtained, 
but also as an aid to general culture and the 
broadening of the pharmacist’s somewhat ro- 
strielcd vision. Pleasant and ])r()fitable engage- 
ments may be secured in France and Cermany, 
and one or two seasons in som<* of the Riviera 
or other faHlii(»iial)l<’ (.\)ntin(‘ntal watering- 
places are easily 2 )rocurable by ('apabU; men. 

Starting in Business. Om* of the 
great drawbacks in the semi-professional training 
necessary for a chemist is that business 
principles arc oftiui neglected, or at be.st are 
imperfectly taught. It is notorious that the 
generality of chemists are bad bu8in(\ss men. 
The advanuiffc of knowing all phascjs of the 
business — high-c-lass dispensing, family and 
retail, a touch of wholesale, a spice of agri- 
cultural, and “heavy trade” (by which is 
meant dealing in oils, jmints, colours, sheep- 
dips, etc.) — need scarcely be insisted on, and in 
opening a shop, each individual must endeavour 
to follow his idiosyiioracy and to ex^iand in 
the department in which he is strongc^st. 

With regard to location, it is notable that a 
corner shoj) is the one most sought after, and 
the most desirable. A growing neigh bourhocKl 
should be fixed upon, provided an entirely 
new fttart is to be made, and the success of 
the business dejamds in a great measure on the 
foresight of the beginner in this particular. 
We have in mind tlu' owner of over a dozen 
pharmacies in a large provincial town, who 
made it a practice to explore the promising 
suburbs df nis town in his spare time. In a 
likely spot where Duildkig operations were going 
on, he interviewed the builder, bespoke a nice 
com^ abop, and when the building w'as 
sufficiently advanced, had bills posted in the 
window's, infopiing the passers-by that this shop 
waa^taken for So-and-so^s pharmacy, and would , 


be opened in a short time. In many instances 
the shop was not fitted-up or opened for quite 
six months after the notices had been posted ; 
but meanwhile the neighbourhood had been 
growing, and competitors were scared off. 

Capital and Outlayr As ^ in other 
businesses, the question of capital required can- 
not be definitely stated. The most successful 
businesses in pharmacy have been built up from 
small beginnings. Some years ago, one man 
gave in a trade journal his experience of how he 
started with six-and-sixpence, and in a few y^ars 
made a respectablo living. He was, however, 
2 >robably a man of transcendental ability and 
business acumen. But many good chemists’ 
businesses have been built up on an initial outlay 
of from £200 to £400 ; the amount of capital 
required dej^ends entirely on the neighbourhood 
selected, the class of business to be done, and 
the style of shop. 

A largo caj)ital is not by any means a necessity, 
and looked at from a purely commercial point of 
view% it is evident that capital invested in the 
business of a chemist and druggist— which is 
jnirely personal — should yield a relatively 
gi’oator return than money spent in purchasing 
any ordinary marketable security. Businesses, 
well established or otheiwise, and of all kinds, 
are, of course, to be purchased at prices ranging 
from, say, £100 to £1,000, but we may imagine 
a young qualified chemist with £400 to si)end, 
who has found what he thinks is a }#uitable site 
for i\, new' business. 

Shop»fittings. After securing a lease, and 
starting an .'U'couut at a local bank, he proceeds 
to tli(' shop-fitting. This may be done for £50 
upwards, but in the present instance, about 
£150 w’ould be the sum spent on’int(*rnal fittings. 
These w'ould include the usual window enclosures, 
counters, and wall fixtures. The window en- 
closures have on top iron bar tramway lines, 
fot the attratdive coloured carboys that are 
the insignia of the craft in the eyes of the 
public. Behind ilie counter, and below the 
partitioned wall -fittings, there are rows of 
drawers, under wliich are lockers for bottles 
and covered pots for ointments. A small 
poison-cupboard in some out-of-the-way corner 
is a necessity. There would be a dispensing 
counter, with probably a mirror and marble 
slab in front, glass cases for the serving counter, 
and uprights for holding perfumes and toilet 
articles. Regular suites of pharmacy fittings 
may be purchased from shop-fitters who make a 
' speciality of chemists’ shop-fittings, and a fery 
good show' can be mode for the sum named. 

The accompanying illustration [1], which is 
of a shop fitted by Messrs. Maw, of London, 
gives an idea of how' a long, narrow shop may fee 
adapted to a chemist’s 'business to the best 
advantage. The approximate cost of fitting 
in mahogany, or other hard wood such as oak 
or American walnut, is as follows : 

Drawers for drugs, each fitted with a cut-glass 
label and *knob. Lockers for bottles, etc., 
under the drawers. Ornamented pilasters, with 
carvings, shelving for shop^ bottles and jars. 

" Gomico with pediments- and other decorative 
work, about £2 lOs. Od. per foot in length. 
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WhH «how.ca8(»s, all glazed with plate-gla^ifl, with 
bent glaiiw doors -where required, as indicated 
in 1 . Movable plate-glass shelvoa in the 
upper cascs» and with carvings and other 
decorative work, about £5 Os. Od. per foot iti 
length. 

Window encloKurcfi, about 6 feet high from floor 
of 8hop.‘ With inodorn arrang(‘mont of plate- 
gloss 8helvir% and mirrors, eoinplcto, about 
£3 Oa. Od. por 4>ot in length. 

Serving counter with plate -glass sliow'-case front, 
about £1 5s. Od. per foot in length, ((’nrved 
j)ortions about clouhlo the price of straight 
I>oi:tionH.) Drawers at hack extra, about fis, 
per draw-er. 

Dispensing screen, with counter and nil hnek 
fittings (as showm in 2), mirror hacks and 
plate-glass shelves to the eases, about £r> Os. f)d. 
per foot in length. 

Dent plate and other sliow-easos for the t-ouJiter 
fop from £l 6s. to £2 per foot in length. 

"i'hc same designs can be execntc'd in less 
expensive materials, such as American white 
wood, properly stained and Fri*neli polislied 
to a superior imitation of mahogany or walnut, 
at a i^cduction in cost of ‘20 to 2") per (‘cnf . 

Chemists will find 
it 1o their advantage 
to consult a specialist 
in chemists' shop 
fittings, whose (‘x- 
pcricnee in planning 
w’ork for this pur- 
posf* w'ill ensure the 
most sat isfactory re- 
sult for w'hatever 
amount it is decided 
to spend. 

Accessories. 

Behind the dispens- 
ing counter it ♦ is 
advisable to have a 
lead-lined sink at 
handy distance, and 
a gas-stove, a bunsen 
burner, and a hori- 
zontal gas-jet for 
scaling.. J<ig. 2giveH 
a. suggestion for the 
beat arrangement for 
the back fittings to 
a dispensing screen. 

It comprises one 
drawer fitted for Rh(>]> 
labels, one drawer 
fitted for cut papers, 
and a third for 
corkfif: a desk wuth 
rack beneath for 
prescription book ; 
shelves for pill 
mAthines, mortars, 
etc . ; movable shelves 
(on top at the, back 
of the screen) for 
holding bottles, jars, 
etc,, filled with solu- 
t ions, ointments, etc, , 
ready for use in 
dispensing ; a wax* 
jet and a gas uni^n 


for the bunsen burner. The £150 can be mad(^ 
to include also the outside litmp, window blinds, 
floor covering, painting outside and papering 
inside, and the insertion of a mosaic step in th(‘ 
doorway. Another £50 will have to be expended 
on shop bottles and jars for holding stock, 
utensils, and apparatus, such as counter scales 
and weights, dispensing scales and weights, 
measures, medicine and soda-water baskets, 
(‘arthenwarc pestles and mortars, pill machines, 
ointment slabs, evaporating ilishcs, suppository 
bath and moulds. And the multifarious adjuncts 
requisite for the technical operations of phar- 
macy will cost another £20. Labels and 
stationery, bottles and boxes recpiiro £40 more, 
and the samt‘ sum is needed to secure a working 
supply of drugs and chemicals. Then a modest 
stock of lozcngi‘s, perfumes, coated pills and 
mineral w'aters miy be put down at £21 lOs., 
while another £20 may he sjient on soaps, 
sponges, hoimeopathic medicines, etc., leaving 
£30 for patent medicines and proprii^tary 
medicines, and £25 for druggists* sundries. 
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By the last named is meant feeding-bottles, 
bait and tooth brushes, dressing combs, chest 
rotectors, corn and bunion plasters, eye- 
aths, enemas, food-warmers, .bedpans, iind 
many other surgical necessaries. 

Prices. The best paying businesses are those 
in which a purely dispensing business is done. 
But these are few ana far between, and it has 
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been said, with some degree of truth, tliat not 
two per cent, of the pharmacies in the country 
are kept open on pure pharmaty. As it is in tlu^ 
dispensing of prescriptions and the compounding 
of the galenicals for use in dispensihg that the 
highest art of th(^ phanuatust is exercised, 
it is only just that this branch of pharmacy 
should be the most highly remunerated. There 
is therefore a recognised scale of prescription 
prices which is more or less adhered to all over 
the country. For instance, if we take a C oz! 
mixture as a typical example, the average 
price, irrespeotiye of ingredients, would be 
from Is. to Is. 4d. according to the locality in 
which it is dispensed. Of course, should it 
happen that an expensive uigredient, such as a 
synthetic chemical costing 3d. per grain were 
present in any quantity in the mixture, the 
price would have to be materially increa.sed. 
the average cost of an average prescription 
calling for a 6 oz. mixture would work out, 
calculating price of bottle, (^ork, label and cap, 

’ at probably 4d. or 5d. , so that the remuneration 
to the pharmicist for his skill, care, knowledge, 
tim etc., is from 7d. to lid. on the transaction. 
Thisdooks a large profit, but one must not forget 
that the pharmaiusts’ business is not by any 
means devoted entirely to dispensing 6 oz. 
mixtures. These arc the occasional fees which 
the course of study, cost of examination, and 
his semi-professional position entitle him to 
expect. * 

Proprietary Medicine. Such is the bright 
‘ side of the picture. Now for the reverse. ABm3a- 
tioned above, not two per cent, of chemists live 
. byphail^oy alone, ^he adjuncts to the chemist’s 
vioe byelihoods for theother 98 per cent. . 

these adjuncts, such as pro- : 

... 


prietaries (or patent medicine as they are move 
often caUed), perfumes, toilet articl^, and fagicy 
goods bore a fair profit. But wi^in recent 
years departmental stores have op^ed drug 
sections where proprietaries, perfumes; and the 
more popular household preparations commonly 
obtained from the chemist, arejsold as a draw 
at almost cost prices. This principle of cutting 
prices* has extended enormousljf wuthin the past 
few years, much to the detriment of the chemists’ 
calling. Many qualified chemists thems^ves 
started the “ cutting ” scheme, and limited 
companies calling themselves “ cash chemists ” 
hav<‘ sprung into being and make a virtue of 
low prices. To such a pass did the outting 
of proprietaries in particular come that not so 
many years ago a propriiitary medicine with a 
face value of Is. l|d. would be sold universally 
at 10 Jd.. the wholesale cost being 10 Jd. This 
parlous state of things has been mitigated 
somewhat, however, by the work done by the 
Proprietary Articles Trade^ Association. A 
chemist in the East End of tondon, Mr. W. S. 
(ilyn -Jones, propounded an anti-cutting scheme, 
which in ctT(‘ct meant that manufacturers and 
wholesalers would agree to soil their goods only 
to su(^h retailers as consented to retail them at 
a ctTtain fixed minimum priiu), this price being 
such as left a fair profit for handling to the 
retailer. Thus, the Is. LJd. proprietary would 
not bo retailed under Is., and so on in proportion 
to the selling rates of the goods. The scheme 
was pooh-poohed at first , but at the present day 
the P.A.T.A. is a power in the land. Almost 
all the proprietary medicines of note are on the 
“ P.A.T.A. protected list,” and nowadays no 
new proprietary is put on the market without 
having the retail price ])rotected. 

Side Lines. The cutting of prices and 
the subsequent degeneration in the art of the 
pharmacist proper have driven the chemist 
more and more into bypaths of commerce. 
To counteract the ruinous handling of un- 
remunerative patent medicines, widely adver- 
tised, and therefore in considerable demand, 
many chemists now put up proprietary 
inodicines of their own. The smart, up-to-date 
chemist has his own brand of liver pills, neuralgia 
mixture, blood purifier, digestive syrup, cough 
balsam, and what not, on which he has a go^ 
.profit and which he has confidence in recom- 
mending to his customer. The per8onal|tjp ol 
the chemist's business gives him a big J^UU in 
this particular over other tradesman, ,i^d the 
smart man does not fail to take fulPadv^tage 
of it. Many chemists, especially in bibsy pro- 
vincial towns and in poorer neighbourhoods, 
lay themselves out for counter-prescribinff, 
Simple remedies are supplied for simple ail 
ments, and in some districts the pri^soribind 
chemist is a boop to his poorer tte^hwUrs,'and 
build's up a lucrative business for himself. • 

The legitimacy of couuter-presoribing has 
often been questipned, espeoiallv by the medical 
profession ; but a chemist, if only for the sake ol 
his own reputation, never overst^p^ the limit 
where the. attendance oi^/dqQtqi^j wi^ a more 
intimate medical knowte^ef^i^4^ . - 








llhoto$f^iilc Materlfills. One of the most 
popoHar and profitable of pharmaceutical side 
lines is tha sale of photographic materials. The 
chemical agents required by those praotising the 
* black art,** either as p ofesi^ionals or amateurs, 
are a by no m 3 ans inconsiderable source of 
profit, but in jfder to make the photographic 
side line a thoipughly paying one it is necessary 
that the chemis* himself lie at least an amateur 
photographer. In 
most ^ cases the 
phot*o gra p h i c 
chemist has a 
dark-room fitted 
up for the con- 
venience of his 
clients, but in all 
Ciases, if tile 
photographic de- 
partment is — ▼ ^ 

touched at all, it J 

should be done 
thoroughly. (See 
also Photogra- 
phic Dealers in 
this Course ] 

Optical 
Goods. Within 
the past few 
years optical 
goods and the 
sale of spcctiu les 
have been added 
as a side line, 
and it is increas- 
ing in importance 
This blanch ought 
oiUy to be under- 
taken by such 
mon as have 
qualified in sight- 
testing, and ulio 
have ♦ acquired 
more than a super- 
bo lal knowledge 
of the Hubj<»et. 

[See also Opti- 
cians.] 

► Veterinapy 
Remedies. In 

agricultural dis- 
tricts a veterin 
ary knowledge is 
very useful. Thcie 
are ^special veter- 
inary '' prepara- 
tions, such as 
horse and cattle 
m'^kines, she^p-dips, yioultiy foods and poultry 
medicines, sheep, pig, and dog leraodies that all 
agricultural chemists mike it ^ their business to 
stock. To be able to advise, and in ‘som^ 
instances to prescribe, simple remedies for 
animals is almost a necessity in such caaos. 

Aerated Voters. The minufacturo of 
aerated waters is often found in connection 
with chetnists* businesses, especially in pro- 
vincial tqwxM^t #Th# public, fastidious in 
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8 om 3 things, often prefer the aerated waters 
which bear a chemist’s label; so the chemist 
embarking on the business should see to it that 
his waters are superior in quality, preparation, 
and general “ get-up ” to those in his neighbour- 
hood. otherwise the gam 3 is not worth the 
candle. 

Soda-fountains, The advent of the 
.Am«>rican soda-fountain has added yet another 

to the chemists' 
side lines. In 
America the soda- 
fount aiu is part 
and parcel ot a 
chemist’s shop- 
fit tings, and the 
more magnificent 
the fonntam the 
more popular the 
" druggist,” as 
he IS known in 
the States. It is 
only within 
lecent years that 
the fountain has 
obtained anything 
iik(‘ ,i footing in 
this (oiintiy, but 
it looks as though 
it were slowly 
gaining popu- 
larity, and pre- 
sunubly it has 
com • to stay. It 
IS cert amly a very 
attractive feature 
to any establish- 
ment, and one<‘ 
the chemist ot 
tins (ountry has 
got over the ob- 
]e(tion to being 
looked upon as a 
gloiilied “bar- 
tender,” It ought 
to be m tde to 
pay well Another 
objection often 
put forward is 
that the English 
( limate is un- 
suitable to the 
unlimited con 
sumption of tern 
peraiiei* beverages, 
but our Ameiicaii 
cousins contend 
that the question 
18 not one of clinute but of educating the 
British public, (iood business m seasonable 
drinks (and their name is legion) is done all 
the year round in America, and thefo is no 
reason w hy the same should not be done in this 
country. 

We illustrate [ 8 ] a ijoda-fountain made by 
Stiles, Ltd., of London, and it gives some idea of 
Aho elegant appearance even a small fountain* 
may have in a well-appointed pharnracy. The 
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of this 4 nachinc complete, with char|;ing 
Wtfit, IB 66 gaineas. 

The profits of a soda-fountain, if a fairly 
BOO I trade can be done, are large, for, after the 
initial cost, the material for turning out the 
drinks is inexpensive, and a good going fountain 
will show an average profit of anything from 300 
to 700 per cent. A useful toDk to study if this 
department Ix^ taken up seriously, is White’s 

‘ Spatula ’ Soda-water Guide and Book of 
> Formulas for Soda-water Dispensers,” jjriee one 
dollar. 

Legal Matters. There are many Acts 
of Parliam mt that the chemist will encounter in 
his business career. The Pharmacy A<‘ts, the 
Sale of Food and Drugs Acts, and the Medicine 
Stamp Duty Acts are perhaps the most import- 
ant of these ; but there are otliers, such as the 
. Merchandise* Marks Act, the Revenue Regula- 
tions regttrding alcoholic liquors, and the laws 
relating to trade-marks and to patents, with 
which it behoves him to be acquainted. ’I'he 
regulations regarding the sale, compounding, or 
dispensing of poisons, and the assumption and 
use of . the titles “ Pharmieeiitieal diemist,” 
” Chem’st and J>ruggist.” “ Clnunist,” or 
‘‘ Druggist }H’(‘ dealt with in the Pharmacy 
Acts of (ilri'at Britain and in tlu* Pliarmacy Acts 
of Ireland. The latter country has an Act of its 
own, and it is administered by the Pluirma- 
coutical Sou(*ty of Ireland. The qualifications 
of the two CO intries an*, not intercliangeablo — 
that is to say, a licentiate of the Pharmaceutical 
Socuety of Ireland is not allowed to practise in 
(treat Britain, and vice-versa. 

In Guernsey the pharmacy law restricts the 
sale of most drugs to licensed chemists, tlie 
Minor certificate of the Pharmaceutical Society 
of Great Britain, or the pharnuicirn's certifi- 
cate of France b(ung accepted as liccuice. In 
lOtK). the Legislature of the Isle of Man 
enacted a Pharmacy Act on the lines of the 
Pharmacy .Acts of Great Britain ; but there 
the rogist(U’ed chemists of this country and 
tlie highest diplomat es of the Irish society are 
eligible to practise. Jersey possesses a 

Reglement siu* rE.\ercise de la Pharmacie ot 
la Vciite dc Poisons," which requires tboF.e.who 
practise there to be cither a “ pharmaceutical 
chemist.” or a ” chemist and druggist " of 
Great Britain or of Ireland, a ” pharmacien " of 
. the first W second class of a school of pharmacy 
of the University of France. Tlic Sale of Food 
and Drugs Acts and the increasing stringency 
Avith which metlical officers of health and public 
analysts are applying it witli regard to drugs, 
make it necessary that the modern chemist in 
business should be quite certain that his drugs, 
chemicals, and galenicals arc up to the requisite 
standards of purity and composition. 

** Patent ’* Medicines. The Medicine 
Stamp Duty Act deals with the stamp duty 
.payable on proprietary or “ patent ” medicines, 
as they are usually, but often erroneously, 
called. Briefly, stamps — aocording to the 
specked value of the medicine — must be 
affixed to ajl medicinal preparations for which is^ 
claim:^/^^’ ,00^^^ secret or art” in the 
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making, any exclusive right or title to the*’ 
making or preparing, patent rights, or which is 
held out or recommended to the public (by 
label, handbill, or advertisement) as a nostrum 
or proprietary, or as a specific, or as beneficial 
to tixe prevention, cure, or relief of any dis- 
temper, mAlady, ailmmt, disorder, or complaint, 
incident to or in anywise affecting the human 
body.’' A few years ago High Court decisions 
altered the method of administration, so 
that important exemptions were restored to 
qualified chemists respecting the sale of “ known, 
admitted, and approved” remedies; wffiile, on 
the otlier hand, the sale of “ ailment -named ” 
remedies — such, for instance, as ” Dipsomania 
Tablets,” “ (.ough Pills,” etc. — which had 
hitherto been exempt, were made dutiable 
articles. 

Colonial Practice. llie practice of 
pluirmacy in the British Empire is modelled on 
that of the Motherland to a great extent, and 
in most British colonies the British qualification 
is accepted witho’.it further examination. The 
diploma of (fi’c'at Britain, and also of Ireland, 
holds good in all the Australasiancolonies(excopt 
N(‘vv Soutli Wall's), and in Barbados, British 
(riiiana. Natal, 'Pransvaal, Orange River Colony, 
Fiji, Gibraltar, Gold (Joasl, Jamaica, Leeward 
Islands, .Malta, Sierra l>ono. Straits Settle- 
m^'iits. ’rrinirhd. and the Windward Isles. 

In som^ countries— Canada for instance — the 
qualifying examinations of the British and Irish 
societies pt'rtnit a man to act only as a qualified 
assistant to a chem'st in business. Before the 
British “Minor" imin can open shop as pro- 
prietor, he must f)iss the (Canadian Major 
Examination. India is tlie only British possess- 
ion of importance that, has no definite pharmacy 
regulations, but there are indications that 
“ the brightest jewel in our crown ” Avill 
soon com> into line. Suffice it to say that the 
British chemist with the nomadic instinct will 
find no great hindrance to the pursuit 'of his 
profession in the lauds beyond the seas. . He will 
find in the O^lonies an outlet for his energies and 
greater scope for liis commercial development. 
The prices he obtains are higher all round, and 
there is not— except, perhaps, in some of the 
bigger centres in Australia and in Africa — the 
same strenuous competition that is found at 
home. 

Business Books. There are several books 
that the chemist Avill find valuable in hi.s 
business practice. These include Beasley’s 
“ Druggists’ General Receipt Book,” 6s, 6d. ; 
“ B. P. C. Formulary,” Is. ; Cooley’s “ Cyclo- 
paedia of Practical Receipts,” 428. ; Thompson’s 
“ Chemists’ Compendium,” 3s. 6d. ; and a series 
issued by the trade paper, “ The Chemist and 
Druggist ” — VIZ., MacE wan’s “ Pharmaceutical 
Formulas.” Vol. I., 10s., and Vol. 11. , 10s. ; 
“Art of Dispensing,” 6s.; “Veterinary 
Counter Practice,” 48. ; Ince’s “ Elementary 
Dispensing Practice,” 3s. 6d. ; “ Diseases and 
Remedies,” 3s. ; Proctor’s “ Manual of Phar- 
maceutical Testing,” 2s. 6d. ; and “ Opening a 
Pharmacy,” 2s. 

CmtinueH \ 




By Professor SILVANUS P. THOMPSON 

Alternating Currents can be Trans* dom*) to give out itsourrontH on the secondary 

formed. Among the properties of alternating side at the low pressure of 50 volts, how 

currents is the facility with which they can many amperes will there be f Clearly, if 

be transformed from one voltage to another. the produ(?t is to be a little less than 2(),(HX) 

Currents generated or transmitted at a and one of the two factors is 50, tlu^ other 

>high voltage can be transformed down to a low factor — the amperes “Will be a little loss than 

voltage, or those generated at a low voltage 400. In fact , if the transformer has an efficiency 

can be readily transformed up to a higli voltage ; of 08.J per cent., the secondary output will be 

and all this without having recourse to any 394 amperes. Or, putting it the other way 

revolving machinery, provided the currents are round, if we w^ant to get out 400 amperes at * 

themselves of the alternating kind, (hirrents 50 volts, the current w(‘ shall have to put in at 

of the continuous kind cannot bo so transformed the, primary side at 1 ,000 voltsAvill be just a little 

without the employment of revolving machinery more than 20 ampenjs — namely, 20 '3 amperes, 

with commutators. Ilic stationary apparatus the extra 0 *3 ampere l>eing the amount to make 

for transforming alternating currents is terme<l uj) a 1 per cent. loss. 

a transformer. Ratio of Transformation, We see, 

Energy Relations in Transforma- then, that we can get out at one side of a 

tion. It was pointed out. in page 290, that transfornu^r more current than we put in at the 

the 'power of any electric current is always other, provided we arrange* to take* it out at a 

the product of two factors, the volts and the louvered pressure. This is just as truly in accord- 

amperes, and the product of the volts and aneo with first principles as is the action of a 

amperes was called the number of watts, 1,000 h‘ver. A man by pressing on the long end of 

watts being caWml ono kilowatt. Now, in any a pivoted lever can exert ten times as great 

transformation it is impossible to get more power a foret* at the other end, provided the fulerum 

out of the apparatus than is put into it ; in is so arranged that while he moves his hand 

fact, as there is alwaysa slight loss due to resist* downwards through an inch tin* load at the other 

ance, etc., the efficiency of even the h<*st trans- end is raised only in. in a lev(U‘, w'hatever is 

forming apparatus is less than 100 p(‘r cent . gained in force is lost proport ionally In range, 

.tn an electric transformer power is put into and so the energy given out at one c‘nd is equal 
the apparatus at one side — called the priwartf --save for a small friction loss — to the energv 
side — and an equal amount (save for the small that is put in at the other. 

percentage of loss) is taken out at the .secoTuhirp So in the electric transformer, whatever th(» 
Bide. Suppose a case whore, at the primary side, proportion 1x4 ween the two voltages, that 

20 amperes are being .supplied at !,(M)0 volts ; between the amperages is practically the invfjrse. 

thOn, supposing that the volts and amperes The ratio hot ween the two voltages is called the 

are in phase [see page 1363] with one another, ratio of transformation. In the above example, 

there is power going in at the rate of 20 x I,(K)0 where the primary voltage was 1,000 and the 

— 20,000 watts, or 20 kilowatts. secondary voltage was 50, the ratio of transfor- 

*• On the secondary side, the power given out mat ion was 1 ; 20 ; and the ratio of the 

will be practically the same — that is to say, the currents was practically 20 : 1 — that is, *4(K) 

product of the secondary amperes and volts w ill secondary amperes to 20 primary amperes, 

be just a little less than 20,000 watts. Suppose Principle of the Transformer. Lik<' 
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■UMmioiry 

tranRfomerr^haa developed lr(ki Fareda^r^^ 
olassical ap^ratus. In mbt, in its elementary 
form> as iron ring interlinking itself with 
two copper wire coils (the original form con- 
straoted by Faraday), it has been already 
4e8oribed and depicted [see 87, page 949]. 

Referring back 
^to 87, the ring, 
with its two 

independent in- Ifi^^****^ ^ 

sulatcd coils A 11 1 

■and B, let ns p ^ 

happens in it p ^ ^ ^ 

when the prim- s p 

ary coil A, p . 

instead of r- — — j 

receiving an in- ^ ^ 

terruptcd hat- |||||||| 

*tery current, ^'^*‘1111^ 

receives an a^Ur- 102. core type TRA^sFOIlMER 


otii poWor ah^eat tljte rOsist&ncie thr^gh which 
it liowB. This power must.coine frOxh wmewhere, 
and the only way frdm which it can Oome^is 
through the primary circuit by more current 
flowing in from the mains. If this'w^^o hot so, 
should have— what is impossible— a cr^^tion 
of energy out of nothing. So as we draw current 
from the secondary side, and the more we draw, 
so, automatically, does more and ihdre, current 
flow into the primary side from the mains; 

Magnet sing Current, As the whole 
operation of the transformer depends on the 
magnetism of the iron core, which, with its 
alternating flux induces the voltage in the 
secondary, it is clear that oven when no current 
is being drawn from the secondary, a current 
must still flow in from the primary mains 
to keep the secondary circuit “ alive.” This 
magnetising current tit no-load will, however, 
be a relatively small current, because, as the iron 
core is constructed as a closed circuit without 


ncting durrent, sandwiched coils 
such as was 

described in the chapter t)n the alternator ipc.ge 
1357]. The alternating current, flowing round 
the coil A, will obviously create in the iron core 
an alfemating magnetic flux. That is. there 
"will bo set up in the iron ring a magnetic flux, 
the path of which is a (flosed path within the iron 
of the ring ; and this flux will increase in value t(» 
a maximum, will then die away, will reverse 
in direction, and grow to a negative maximum, 
and will again die away, repeating this cycle 
of operations exactly as often as the current 
that produces it goes through its round of opera- 
tions. If the primary current has a frequency 
of 50 cycles pcjr second, the alternating flux will 
alternate with the same frequency. 

Now this alternating flux interlinks itself with 
the , secondary circuit B, and will therefore 
by its variations induce in the windings of that 
electromotive force proportional to the 
intensity of the magnetic charges, and therefore 
also of the same ffequency as the magnetism. 

We see, then, tliat by means of a purely 
magnetic mechanism — viz., interlinkage with the 
magnetic lines of an iron core —the alternating 
voltage which is applied to the terminals of 
tho^ primary coil A is reproduced automatically 
^ as another alternating voltage at the termin^als 
of the secondary coil B ; and yet there is 
never anelectrical connection whatever between 
the two windings. 

Automatic Operation of Trans* 
former. The transformer is automatic in 
another sense also. Even if the secondary 
circuit be left* open, so that no current 'flows 
in it, there wiU be a voltage induced in it by the 
isltemating flux interlinked with it. When the 
secondary coil is thus on open circuit, the current 
that flows into the primary coil from the alter- 
nating mains’ will be merely a magnetising 
ouiroSt, of small amount, and will be practically 
a wattless ouitent [page 1364], as the amount of 
energy in magnetising is trifling. What, 
tixi^i vml; happen if the secondary circuit be 
closed^, ^tdi^gh 4 resistance ? In that case 
thd^l^wt^^feobndary currenb, mid it will give 


gaps, a comparatively few ampere -turns wdll 
suffice to create the magnetic flux. Thus, for 
example, a 20-kilowatt transformer, which, when 
supplied from mains at l.OtjO volts, took ’at 
full load a oiirrent of 20*3 amperes, was found 
at no-load to take the insigqitieant magnetising 
current of 0-2S amperes. 

Ratio of Windings. We have seen 
that trails formeis work with some definite ratio 
between tin*, primary voltage of the supply 
mains and th(‘ secondary voltage at which they 
give out their euiTent, and that tlfi^ ratio was 
called the ratio of transformation. Now, this 
^atio has nothing to do W’ith the size of the 
..ransformcr, but depends only on the relative 
numbers of turns in the two windings on the 
core. It is, in brief, the same as the ratio of 
the winding.s. If wa require a transformer to 
transform dowai the voltage from, say, 1,000 
volts on the primary side to 50 volts on the 
secondary side — that is, in the proportion of 20 
to 1 — then the number of turns in the primary 
winding must be 20 times as great as the number 
of turns in* the secondary winding. For' a 
step-down transformer the primary will have 
more turns than the secondary. For a step-up 
transformer the secondary will require more 
turns than the primary. 

We see this rule even in the case of the induc- 
tion coils used for procuring spark discharges. 
The primary source is a battery of a few volts, 
while to produce a spark in the seoondaiy 
circuit needs the generation of thousaniw 
of volts. Hence, , the primary winding consists 
of one layer only of thick wire, while the 
secondary winding consists of a very .fine wire 
with hundreds of thousands of tuffls. 

If a transformer were inade with an equal 
number of turns in its two coils, iWwo^^ 
transform neither up nor down ; the i^oondary 
voltage would be the same as the primer;^ 
voltage, and the ratio of transformation would 
be 1 to 1. " ' ’ 

v.Tbe rule for transformation ratio may : be 
stated in ^mbols.. If Sj be. the number 
spirals or turns, m the priihary .wiai^g,. aiid 
$2 the number of turns in the iMondary 



winding, Ey the voltage induced in the primary 
(practically equal to tbo applied primary 
voltage of the mains)," and E. the induced 
secondary voltage, then the proportion that 
exists is simply : 

E, “8/ 

and as the currents aiv inversely proportional 
to the voltages, it follows that the primary and 
secondary currents 0, and C.j will bo connected 
by the rule 

C, S.. 

a ■ s/ 

As a raattcrof fact the actual primary current 
will, as already indicated, be always slightly 
greater than the value of (.-j, as calculated ])y 
this rule, because allowance must ah.vays be 
made for the existence of tli(' magnetising 
current. 

Magnetising Ampere-turns Needed. 

Attention was drawn on page 1 108 to t he concep- 
tion' of the magnetic circuit, and an example, was 
there given of the way of calculating how' many 
ampore-tnrns are need(‘d to ex(Mte tlui rccpiirc'd 
magnetism in a given ease. Now', the ease of 
transformers is even simpler, bcHiause in its 
magntjtic circuit there are no gaps and the cross- 
section of iron in its core is uniform throughout. 
Experience shows that it is not wise (if W'aste of 
energy in the iron is to be avoided) to force the 
flux-density in the cores of transformers beyond 
a moderate vahie. As an average figure, a flux- 
density of 85,000 magnetic- liiuis p(‘r sciuare inch 
may be assumed. 

Now, taking good sheet iron or mild steel, 
such as is used in building the cores of trans- 
formers, we may say that (*xperi(mce shows that 
this flux-density will he attairuMi if wo provide 
an excitation of 3.rampcre- turns per inch l<*ngth 
of core. Suppose that the- core of our trans- 
former had a mean length of 00 inches along 
pie magnetic path, then an excitation of ISO 
ampjere-turns would be about right for it. And 
if the primary coil had, for example, I, .500 turns, 
then the magnetising current (at no-load) 
would be 180' 1500 ~ 012 amperes. We 

have given 3 ampere -turns per inch as an 
average figure. A more accurate estimate 
can bo got by the following rule. The amijore- 
turns per inch that are needed will be 

1-2 I (B 14000), 

Avhero B stands for the number of lines i>er 
square inch of flux-density. The best kinds of 
transformer iron — for example, the British 
quality known as Sa^nkey’s “Lohys’’ — ^will re- 
quire even fewer ampere-turns per inch than this. 

Joints Jn the Magnetic Circuit. To 
keep down the magnetising current to a low 
value, as is necessary if the transformer is to be 
of high efficiency, not only must the iron be of 
good quality, but all joints and gaps in the 
circuit must bo avoided, because more ampere- 
turns are i^^ded (as explained on page 1108), 
to drivq the magnetic lines across air than to 
drive them through iton. Henc©^ in the con- 
ijtruatibn pf transformer cores it is usual to 
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obviate all joints by interleaving the iron 
plates by making them overlap at the corners, 
as show n in 99. 

Forms of Transformers/ The prac- 
tical transformer of to-day differs in many 
respects from the primitive ring of Faradaj. 
The core is not solid, and is not ring-shapod. 
If it were solid it w'oulil grow' hot by reason oi 
parasitic eddy-(!urreuts induced in the cross- 
section of the iron, and these oiwTcnts would 
W'aste some of the energy. If it Avere riiig- 
.shaped the coils would have to l)() threaded 
on by hand, and not w'oiind on a lathe. So. 
instead, (he cores ar(^ built up of strips of sheet 
iron or mild steel about 13 or 14 mils thick 
(?.c., from 0 01 3 to 0 ()14 inch). Fig. 100 shows 
a very usual shape of core built up of strips of 
sheet iron which arc assembled so as to overlap 
alternately at tluur corners. To insulate the 
strips lightly from one another it is usual tO^ 
paste a thin lay<‘r of }>apcr on one side of each 
strip, coils an^ w'ound on bobbins or 

formers ; and it is easy with this construction 
to .slip the coils upon the two vertical biubs 
W'hen tlu‘ eon? has been partially built up. 

Again, reference to Faraday’s ring [37, on 
page 941)] wdll show that in this primitive form 
the? primary coils A w'cn? all wemnd on one side, 
and the secondary coils H on the other side 
of the con'. But it is found that this arrange- 
ment is not satisfactory if the transformer is to 
give good voltage regulation, as it leads to 
leakage? of magnetie* lines between the two 
windings. It is necessary to keep the two sets 
of Avindings as near together as possible, in 
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order that as far as possible all the magnetic 
lines generated bv the coils A may wread 
themselves through the coil B, and vice versi. 
So, therefore, it is usual to put half of the K 
coils on each limb, and half of the B coils on 
each limb. This is done either by arranging 
them concentrically, as in 101, or else by winding 
♦ them in sections, and then sandwiching the 
sections of the A coils between those of the 
B coils, as in 102. Fig. 103 depicts a complete 
transformer by Ferranti. 

Shell Type. As the essential thing in a 
transformer is that the two coils shall both 
surround a common core of iron, there aro many 
possible types of construction. The rectangular 
form described above is commonly spoken 
of as the cort typf ; but there is another 
frequent form, known as the shell type in 


cotton tape or oven manila paper if the coils are 
circular, and tho whole is dipped in varnish and 
dried as before. 

Before being placed on the limbs of the trans* 
former, each coil is separately taped with cotton 
impregnated with bitumen or rubber in order 
to msulato the coil as a whole from its neighbour. 
In cases of extra high voltages, this last is 
insufficient, and micanite rings and bushes are 
inserted between the coils, or they are held 
mechanically apart to a distance of, say, one- 
eighth or three -sixteenths of an inch by ebonite 
or hard fibre distance pieces. The leads which 
bring the primary currents to and from the coils 
should be extra heavily insulated, and the 
supports for the terminals should be very sub- 
Hiantial. 

Heating of Transformers and other 


which a large portion of the iron is outside the 
copper coils. Figs. 104 and 106 belong to the 
shell typ(?. The laminations appropriate to 

the former figure are roetangular, with two 
openings, as in 103, to admit of the coils, the 

1 a m i n a t i o ns 
being them- 

. selves built up 

^-*TiitTllf[| of strips or 


Electrical Apparatus. On seeing any 
piece of electrical apparatus, one is inclined 
to ask: “How are wo to know the limit to 
its capacity for transforming electrical to 
mechanical energy, or el(;etrieal energy to elec- 
trical energy at a different voltage, as the case 
may be ? Now, in all apparatus used for con- 
verting energy a certain loss of useful energy 
H'snlts. This energy appears in the form of heat, 
— and in electrical apparatus the 

capacity for transformation is 
limited by the maximum tem- 
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HERRV TRANSFORMER IN SHELL TYPE FOR OVERLAPPING 


.sheet stain ping.s M'hich admit of their being 
put together around tho coils. A more pcccnt 
form is that of Berry, depicted in 107, in which 
tho coils are cylindrical and concentric, with 
the cores built up of strips of iron of several 
w'idths, in bundles, affording ventilating 
channels in the interspaces and requiring a 
minimum section of iron. 

Insulation of Transformers. Inas- 
much as one side of a transformer is invariably 
at a high voltage, the question of insulating tho 
coils must ho very carefully attended to, especi- 
ally as, in order to get a good voltage regulation 
the primary and secondary coils are sand- 
wiched, tlms further increasing the jiroximity 
between the two sets of coils. Each maker has 


his own rules in the matter of insulation, but 
the general practice may be stated as follows. 
For coils in which wire is used, the wire is 
doubly and often trebly covered with cotton and 
varnished with a good hard drying varnish 


with. the strips may be wrapped with 


lierature to which we mH,y allow the apparatus 
to be raised by this spontaneous liberation 
of heat. The loss of energy in electrical 
apparatus may be divided under two heads — 
namely, that in the copper conductetrs which 
carry the electricity and that in the iron core 
which carries the magnetism. The first of these 
losses may be P/Stimated from the rules already 
given in the articles beginning on pages 288 and 
H69, and the second has been commented oil in 
the present article. 

The further point, howeifer, for us to notice 
here is that the copper loss is going on only 
when the apparatus is loaded, and that its value ^ 
depends upon the value of the load, while the 
iron loss is taking place all tho time the apparatus 
is at work, whether it is loaded or not-~that is, 
all the while it is “ alive,” and is, therefore, 
independent of the nature of the load. 

In transformers the proportioning of these 
losses requires great consideration, for we have 


the mains must be kept alive» whHie the copper 
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losfes only occur for a few hours in the evening 
while the load is on. This question will be further 
considered when we study Systems of Supply. 

Ventilation of Transformers. In order 
to increase the capacity of a piece 
of apparatus of given size, two 
things are possible — namely, to 
reduce the losses which take 
place and to ventilate it more 
thoroughly, so that the heat is 
carried away more (juickly. We 
have seen the provisions made 
for ventilating dynamos, how Hit* 
armaturq is built up with spaces 
to allow a circulation of air 
through the inmost parts of the 
inachim*. With transformers 
this question is of great (*r im- 
portance. In small sizes, it is 
sufficient to allow the surround- 
ing air to cool them if ample 
provision has Ixion made for its 
free access among tlie coils and 
core by suitable spacings. Fig. 108 
shows a typical section of a 
transformer core and tlie arrange- 
ments for circulation of the air 
between the straight lino outline 
of the core and the inside of tlie 
circular core. With larg(‘r sizes, howcvci, 
these arrangements arc not sufficient, and it 
becomes necessary to cool the coils artiticially. 

For this there arc two methods at present 
in vogue. In both of these the transformer 
is erected in a closed case, 
and in the first, dry air, free 
from dust, is blown by fans 
through tlie apparatus ; while 
in, the second method, the 
case is tilled with a suitable 
oil which enters into all tin? 
corners and nooks, and by its 
automatic circulation when 
heated by the waste energy, 
conducts the heat to the case 
from the large exposed sur- 
face of which it is more 
easily radiat(!d. In very large 
sizes even this is not sufficient , 
and tlie oil is cooled l)y lead- 
ing through it pipes through 
which cold water is made to 
circulate. 

The Design of Trans- 
formers. There are two 
main features of a transformer whit^h wv may 
vary, and these aro the core and the coils. We 
may have a large core and only a few^ turns of 
wire around it, or vice versa. 

Practice in transformer design has, liow- 
evor, now settled down, and the happy medium 
which has been evolved bet^yeen these two 
factors is now well understood. The size 
of Core may be represented by N, the total 



flux il has 10 carry and the size of coil by 
the ampere-turns at full load, written C,vS, 
or CoS.. 

Now, the ratio for these tw'O quantities - 
N 

i.e.f is known as the flux 

factor (Y), and for ordinary small 
size transformers {core type) cooled 
by natural draught, the flux 
factor is hetw^ecn flO and 7<1. 
For artificial cooling, the factor 
is somewhat higher, varying be- 
tween flt) and 12t) as tlie voltag(*s 
liecomo bigger. 

Tin* only othi*r formula ue(?es- 
sary is that foi’* the electro 
motive force* which may h. 
w ritton 

K, - 4-4x/xS, X N 

for it is now a matti*i* of simple 
algebra to deduce* t4ic actual 
of N id 


values 

follows 


C.Si 
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Ah an c\a*nplc, 
100- lav transformer, 
from r),t)00 to .*>00 
second. 

.\ suitahh 


take 
oil-(*o()led, 
\olls at 


/ Kw X 10’* 

X / X Y 

/Kw X 10" X V 
\ ' V '4 X / 

tlu* case of a 
transforming 
.0 cycles p(T 



valm* of N’. th(5 flux fa(‘tor, is 
00, and so, by the (*([uations 
given, w'c liJivc 
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100 X 10" 
50 x t)0 


22,400, ehout 


itud N 


y 


108. SECTION OP COKK SUOW'lNd 
PROVISION FOR VENTILATION 


100 X 00 X JO" 
4-4 X .50 

about 2,t)00,000 lines. 

Tilt* rest of the d<‘sigu 
consists sim})ly of nidking 
a core large laiough iq carry 
lu; two million lines and 
to envelop the* {*oil.s, which 
last must hi* of suffieient 
size to carry the rc- 


sjicctive curivnt.H without 
overheating. 

Note. Hy an ovcnsiglit, the formula at tli • 
bottom of C(‘)luiim 1 of pagy 1558 is wrong; the 
.symbol S, nu'aning number of f^piraU^ should by 
struck out, and th * symbol Z, meaning number of 
conductor.'i^ should h(* substituted. Then in the 
next column, in line 22 from the bottom, after “ S 
will equal 288” insert the words ‘•and Z will 
equal r)7<l." As a result in the calculation that 
follow's, F will equal 2210 volts. —S P.T 


CofUinued 
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in c^^georble 'weather. ‘ Tno matter, howeyer, 
may urattlly be d steemined if the iEirmer goes in 
(U^an^;pr his waggons, and personally exa- 
hiSi^ the sheaves by thrusting his hah^ into 
the centre beneath the band Whether carts or 
waggons are employed is a matter for private 
decision, although it is usually governed by local 
custom. The number of waggons and hands 
employedMn carting depend upon the distance 
of the field from the stack. 

Oats. Oats, like wheat, are cut when tJie 
straw assumes a yellow tint. On no account 
must they be left to ripen, for the crop becomes 
^ prey to birds, and quantities of grain are 
shed. Oats are usually spoiled if they are 
stacked in a damp condition. How' far the 
damage has proceeded is top w^ell realised when 
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because the steaw is shorter and lighter, barley 
Is often out with the soythb, especially as fewer 
ears arc lost.. B^krley, too, as a rule, though 
shorter, stands less erect before the reaper, with 
the result that the ear is often removed by the 
knives. Grasses and clover, lucerne and sain- 
foin, are often sown with a barley crop ; hence, 
especially in wet seasons, a considerable quantity 
of green material, or it may be of weeds, is 
present, for w'hich reason tying becomes next 
to impossible. A high-priced malting sample 
must be well coloured, and, this is largely pre- 
\'entcd by tying, whih' the risR involv^cl in 
stacking sheaves largely composed of partially 
dried grass may he con.sidcrahle, for, if heated 
in the rick, barley becomes useless to the 
maltster. 



the grain from a crop wdiich was carried damp 
is employed for seed. Dampness is folIo\\(*d by 
mould, a musty smell, and an unnatural (udour. 
As oats are more liable to damage than wlieat, 
they are usually kept longer in t-ho field. 

Barley. Barley, contrary to wheat and oats, 
should be praotichlly dead ripe, with the ear 
hanging as though the straw had been fractured 
at its base, and the grain hard and wrinkled. 
It is usual to allow a barioy crop, when cut, to 
lie loose on the ground, for in this way it can bo 
carted curlier, while it is sometimes improved 
in quality if there is sun by day and dew at 
night, !fhe process of turning the crop while 
in the swathe is such a case followed by a 
hiore u^orm colour hiid general mellowness. 
For there^on that tying is essential, and 


Wliore a barley crop is clean and dry, and the 
weather all that can be desired, the binder is * 
sometimes permissililc, but the chief advantages 
are expedition in carting and threshing. It is 
most essential to stack barley in an absolutely 
dry condition, leaving nothing to chance, and 
covering the rick with thatch at the very first 
opportunity. A small percentage of wet sheaves 
will always spoil a malting sample, hence, from 
first to last, damp sheaves should bo excluded. 
In some parts of these islands where the rainfall 
is heavy, it is customary to build a series of very 
small ricks rather than a fe\v large ones, for the 
reason that damage by heating and mould is 
minimised. 

Beans* Beans are cut with the reaper, 
the scythe, or the hCbk, or under certain 
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disadvantagcousi conditions they are pulled by for settlement, especially before the rick is 
hand. The bean '‘crop is ready for liarvesting thatclied. ^ " 4 

when the leaf drops, although<^the corn is still Corn ricks are'usually rou^d. with the^t^jpi^ 


when the leaf drops, although <^the corn is still 
soft. Owing to the stouter character of the 
liaulm, or straw, beans are often cut in damp 
weather, tied, stooked, and left in the field until 
quite fit for carting. When well dried, how* 
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or butt 'ends of the sheaves at the outside, so 
that the corn, being within, cannot be stolen by 
birds. In building, the diameter of a rick 
increases from the bottom to the eaves, and 
diminishes from the 
eaves to the point at 
th6 top, this portion 
of the roof being 
covered with extra 
thatcli. Some 
farmers pare the 
outsides of the rick 
from the eaves 
downwards, not only 
with the object of 
making it look more 
tidy and present < 
able, but of giving 
it eom})iictnes» and 
M Hording protection, 
'rjie body of the 
rick, like the roof, 
should l)e even on 
all sides. The roof, 
in particular, must 
u be well finished off 


over, the crop becom(‘s brittle*, and unh'ss great 
(!are is exorcised a proportion (ff‘ the corn will 
bo shed and lost. Beans ('(‘(iiiin* plenty of 
weathering before stacking, although, if sufli- 
eiontly fJry, they may he suecessfully carried 
during damp weather, such as that which 
would be unsuitable for cereal crops. As bean 
straw is a valuable fodder, how’cvt'r, it is wise 
to make every effort to pr<‘vent tln^ slightest 
damage. 

^ Peas. Peas are usually cut with a hook or 
sickle, and laid in heaps, which an* turned two 
or tiiroe times, as may he found necessary, 
especially if the weather is damj). Tlie ]K*a crop 
should never remain to ripen before harvesting ; 
the pods become brittle and arc liable to open, 
and when the jmlso is hard, to shed it. Peas 
must be (jiiitc dry before carrying, otherwise 
they heat and become mouldy, wiieii the very 
valuable haulm, or straw, is diminished in value 
os a food for stock. Wlien the pea crop — both 
pods and straw -assumes a yellowish colour, it 
is ready for the sickle. 

Building the Rick. In the building of corn 
ricks, it is most (essential that the corn should bo 
' protected against vermin. For this reason, 
staddles from two to three feet off the ground 
are of great value, especially as they permit the 
free circulation of air beneath. Where these are 
not employed, the rick bottom should be made 
Uy the aid of faggots, and plenty of them. 
Vvhere the porn is in sheaves, the centre of the 
rick should bo kept the highest, and the sheaves 
laid sloping, with the ear ends upwards and 
towards the middle. The object is that, if rain 
enters tlie rick, it will he shot off towards the 
s outside, leavirfg the grain as little damaged as 
iiossiblc;^ Allowance must in all cases be made 

iwhT" 


before thatching, 
othei-w'ise, with settlement, hollow^ places will 
form, which Tuay admit rain and result in 
damage. Ricks are usually thatched by the 
squan* of 100 ft., at a cost of from Is. to 
Is. 3d. p('r square, the farmer finding the straw, 
the slakes, and tin* hvine, wlnu'o thatching twine 
is employed. 

Threshing. Tlireshing is more frequently 
a winter operation, and where a threshing 
machine does not form part of the equipment of 
a farm, it is usual to hii’e it, payment being made 
either by the hour or day, the bushel or the sack 
of corn threshed (^ustom, however, usually 
rules this conditinii. The threshing machine 
owner provides tlie driver of the engine, and 
usually one or two men ; but in practice a gang 
of men, wdiose services arc more or less necessary, 
in addition to the ordinary labour of the farm, 
usually follow' the machine. These men are paid 
by time, and, disagreeable as the custom is, 
supplied with bc*er. The hands required to con- 
duct the operation of threshing, in addition to 
the driver and feeder, are for carting water for 
the engine, removing the chaff and cavings (a 
coarse by- produce between the chaff and the 
straw), cutting the sheaf-string, bagging and 
carting the corn. Others will Iw needed on the 
corn rick and the straw stack, and for attending 
to the elevator by which the straw' is raised, 3 
such is used. 

Before the engine arrives, coal must be pur- 
chased and deposited in a handy spot. l?S^en 
it has lieen removed, the refuse, and especially 
the weeid-seeds which have been rejected by the 
machine, should be burned. In some cases the 
cavings and chaff are left for Salvage until a more 
convenient day, with the result that both Are 
often spoiled and ey;en destroyed by rain. This 
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involves great waste and loss, for both are^isoful 
as food, and no pains should be spared to secure 
them ,udiile sweet and dry. The? corn, which is 
^usually carted to ti secure and dry granary, may 
*have to remain for some time until it is sold. In 
such a case it is usually essential to turn it with a 
shovel from time to time, to keep it dry and 
sweet, . 

Market ^Samples. Before sampling for 
jparkot, and cspeciall 5 % too, before delivery, the 
corn should be dressed by the winnowing 
machine, which rcmov(\s all foreign material and 
any chaff still remaining, together with the 
imj^rfect and broken grains, which arc likely to 
spoil the sample. Two or three dressings, in 
spite of the time involved, may he essc'iitial in 
order to obtain a first- rat market s.irnple. 

Befun^ ofhwing a parcel of grain to a pnrehaser, 
it is well to earefiilly lill a bushel measure, strike 
it clean, and weigh it, in order that tlio buyer 
ma^>^ be informed as to its natural weight. A 
mantet sample should be as perfeet as )>ossibl(‘, 
but honest, and taken from bulk, for the corn 
delivered will have to correspond with it. 
Samples may be offered to resj)onsible eorn- 
dcah'rs or millers, or to nuM chants in gen(*ral on 
the Exchange. As it will l)o neeessarv to name 
a price when an offer is made, the ojuniona and 
experience of other grow(;rs may b(‘ obtained, 
and especially those who have alieady eiT(‘et<‘d 
sales. When a fair price is offered by a n'spon- 
sible buyer, it is well to s(‘ll in times liU<^ the 
present, for delay, instead of bringing better 
prices, is more oft(‘n accompanied by a fall. 
The r(‘tentioii of corn, whether in the rick or 
the granary, involvc's additional laliour and 
loss by vermin or birds, or 
both. 

Potatoes. Potatoes, still 
harvested on a small scale 
by digging with the fork, ar(j 
usually lifted with a potato 
plough or a modern harvester, 
one or two j)atterns of which 
both sort and bag tlu* tubers 
at on(5 operation, '['he earlier 
p^)tatoes are harvested when 
sufficiently large, and when 
good prices are commanded, 
but the main crop must not 
be lifted until the skin is ripe 
and adheres to the potato 
without peeling when rubbed. 

Potatoes, when dug, arc 
usually left on the ground to 
dry and mellow before bagging. 

(^are must be exercised in 
sorting the ware (marketable) 
and the chats (the small), 
any unmarketable potatoes 
being kept apart, while those 
which are diseased must be entirely excluded. 

Potatoes are preserved by clamping in a 
manner similar to that adopted with "mangels 
and swedes. The l)etl should be dry and 
trenched around „the outside, the potatoes 
packed and piled u|X)n clean, sweet .straw, 
lieavily covert with the same inaterial, and 
2 n 


subsequently with at leasi six inches of dry 
soil. 

Where disease is suspeettH.!, or is actually 
existing, care must be taken to remove tainted 
tubers. Home growers sprinkle tjie sound tubers 
in such a ease with lime, to prevent further 
extension of the disease, but the practice had 
Ijetter be ado})ted on a small scale as an exi^eri- 
nient, until it is ascertained wbether it proves 
successful. The potato clamp should be well 
ventilaU^d and examined two or three times at 
least during tlu‘ winter, if the crop is kept so, 
long, so tbai in ease trouble is discovered a sak' 
may at oncc! be elleetcd. 

Mangels. Mangels are harvested befon^ 
the arrival of frost, which th(*y cannot witbstaiid. 
They arc pulled, and the to[)s twisted off by 
hand, cutting being objc'ctionablc. 'Plu' bulbs 
:ir(‘ l(‘ft in rows or h(‘a|)s on the giound to diy, 
ami, where frost is liable to follow, covered with 
the h'avcK until they arc carted. The leaves an‘ 
subsc(iucntly left on tlu^ ground and ])loughed 
into the soil, in which tluiy act as nianurt*. 
Mang(‘ls are preserved in heaps or clamps, and 
protected by the aid of straw and soil, as we have 
suggested in the* case of potatoes. 

When .swedes ari' lifted, tlic tops should be 
cut off, but not the roots, common' as the plan is. 
Although in tin' milder districts they are fre- 
quently left In tlu‘ field, and (Jonsuined by .sheep 
in (‘arly spring, swedes are always liable to be 
<lestroyed b}'^ heavy fi’osls. They may be ]ndled 
and laid in rows, and covered with a little soil 
by the plough, or laid in sniull heaps in the field, 
and covered with soil with the s})ade, or, lastly, 
Ihey may be carted, like mangels, and clamped. 


Clamps sboukl always be made in well-iselee-tod 
positions, whore frost and rain will be least felt. 
The roots should be well matured and well pro- 
tected with straw and soil, but it is important that 
they should be weathered in tho^eld before cart- 
ing, this plan hardening or toughening the .skins. 
Oiseosecl roots should bo. in variably rejected. 

16().5 



THK MANGKL CLAMI‘ Hlfi.ADY FOK COVKUlNMi 
Observe the trim form of tlie l oni stacks 
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A clamp 1 % triangular in form ; itis width at tha 
base should not exceed t it., and the bulbs should 
be piled to a height not exceechng 4 ft. to 5 ft 
Occasional openings should be left in the ndge 
for ventilation, these being filled with straw. In 
some districts, however, mangels are preserved 
in heaps of very considerable sixe near the cattle 
houses, without regard to width‘‘or height ; but 
no plan is more successful than that which has 
been described 

VarroU arc preserved m the same way as 
swedes, while Panmps, which are hardier, may 
be left in the ground until required, although it 
IS wiser to dig and clamp th( m in ordei that the 
ground may be ploughed for a future crop 

Harvest Labourers. TIai vesting in 
general demands extra laboui on the farm 
Larg^> numbeis of exoelk nt lush workmen 
annually leave theji homes for England and 
Scotland to assist in the woik, and, like the 
regularly employed men, obtain a higher rate of 
pay, which is necessarily demanded at such a 
period Payment is made for harvesting either 
by the month, the week, oi the day The last 
IS applicable only to tempoiaiy hands Some 
times, however, the «ien aic paid by the job, 
10s to 12s poi acre not being uncommon The 
- terms asked aft sometimes ugulatod by custom, 
the Bamo price being paid from yeai to yeai , at 
other times by competition The farniei is 
guided by the t/Cims prevalent among his neigh 
bouis ; the men by those which hav e been made 
by the labourers on adjoining faims. Liberal 
payment usualfy secuies udiablc men and good 
work; but no stipulation should lie made foi the 
provision of unlimited beer, which frequently 
causes outbioaks of temper, quaiiols, and dis 
putes, aot only between master and men, but 
between the men themselves Tt is doubly 
e^nomical to piovido haivest men with coffee, 
cocoa, libel al supplies of milk, oi a drink 
made by the aid of oatmeal, sugar, and lemon 
juice, if they are agreeable to accept it, rathei 
than to supply beef* as part of the money baigain 

INSECT PESTS 


ScientilK ally speaking, an insect is a memlKi 
of the gicat class Insccta Insects, as a rule, 
undergo a distinct metamotphosi't, or senes of 
changes, between the* egg stage and matuuty 
Tne egg produces a caterpillar, for instance, 
which bttonms a'chiysalis, and this changeb 
into a butteiHy or moth lor our present 
purpose, howLvei, it will be useful to debcnbe 
some creatines which au not, coiiectly 
speaking, msecta — eg , the stem eelwoim 
General Principles for Dealing with 
Insect Pests. In att ticking insect pests it 
may be observed that some insects are most 
easily dealt with at a particular stage of their 
life history, as the larva, pupa, imago (mature 
insect), or egg ; while at a special stage, also, 
they ore most hurtful to crops For example, 
nei&er .butterflies nor moths are harmful in 
themselves, b^ they lay effgs, and it is m- 
variably the caterpillars which do the damage 
In the »ase, oC beetles, both the matifihe 
insecfii^liy tiA may be harmful, 




^ while >mreen4ies Siilback ^all" 

througn life. 

Some insects,^ again, sud^ as caterbillars^r 
chafer larvae,, have biting mouths, aba may 
therefore be directly destroyed by d^'essing their? 
host-plant with poison which is consumed with 
the food of the larvm. Others — greenflies — 
have a piercing and sucking mouth, and pannot 
be poisoned in this way The former devour 
their host plant bodily ; the latter suck up the^ 
juices aftei piercing th(' plant tissufe Creature!^ 
like greenflies are best dealt with by employing 
such mat< rials as soft soap and parafl&n, which, 
used m the foiin of an “ emulsion ” sprayed 
over the pests, may be said to glue them 
together, stopping up their breathing pores, 
and so destioying them All insect pests 
should 1)0 attacked at the weakest stage of 
then lift history ^ 

An Effective Weapon. Apait from these 
lemediis, the farmer has an effective weapon at 
hand if lie does but know it and use it alight'^ We 
lefei to good culhvatiotu which is said by Somor 
ville to be tlu “ best pi otec tion that the farmer or 
gardenci can offer his ciops against tho ravages 
of msfcts Wherevei crops arc allowed to 
become weak aie insuffioiently nouiished, 
oi foul v\ith weeds, theie insect pests are more 
likclv to abound and tbcir attacks to become 
mou sciious Many insects attack plants of 
i special oidii c (7 , the tuniip flea beetle, 
uhidi li\<s on plants of the oicIpi Cructfera 
If then foie, su(H wicds as (barlock (Stnapi^ 
anensts)^ Jack by flu hidgi, or garlic mustard 
{Sivfmbnum ulhaym) aie plentiful, tho flea 
beetle IS oncouiagccl (u)od ( ultivation. in- 
cluding tillAge of all kinds, the use of artificial 
manures to tnilile crops to grow lapidly away 
from attack in lascs wIuk the young plants aver- 
inf(st«cd siasonablc sowing ol good seed in the 
right situation — all these will assist in avoiding 
extensive infestation betki than any remedial 
measiues in suppicssing tlie enemy when once 
it has obtaiiKcl n hrm footing Hedges and 
ditches should everywhcie he kept clean, and 
flee fiom v\teds (Tood cultivation tn autumn 
IS especially useful, as many hibernating insects 
arc then turned up, and devouK^d by birds, or 
killed by frost Insectivorous buds should be 
(ncouiaged 

The Wireworm. This creature, which 
ivtiy faimer recognises as a dreaded pest,J| 
the laivaof the’> “click,” oi “ skip-jack ” boe^ 
of which there aio sevtial species, notably 
Agnote'* hmatvs [1] Tne wireworm 
iieaily every kind of loot, and may be mund 
almost embedded in potato tubers, in carrots, 
and m the loots and stems of other plants, 
particularly cereab which are just beneath the 
surface ^of the ground Whole fiol^ of com 
are fftquently destroyed by the pest, especially 
after nature and clover leys have been broken 
up. WJireworms [1] are slender but “wiry” 
grubs, of perhaps the thickness of a knittiug- 
needle They are upwards of an ilteh* long, 
yellowish-broufn in colour, ^with six logs near 
the head end, and strong jaws, .^witb which 
they destroy ond devour fhet host^rtanls. 
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Jj, Click Beetle and l^ithewuirm. 2. ‘Turnip Plea-beetle, » Turnip Fly/’ 3. Dianioinl-back Motli. 4- DnJdy 
l£niAeg8» QP Cmne Pjy.. 5, Opfhror Cranarv, Weevil, 6. Stem-eeiworm. 7. ltu»t of Wheat. 8. Smut of Oath 
^ 8 {n«g 04 iye|i$e), 9, B»iAi^or SUpkihg Smut of Wheat (Tilletln tritica). 10. Ergot of Bye. i 1 . Fingcr-and-toe in Tiirnipti 
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Rolling corn crops (with a ring roller), tie 
use of stimulating manures if the crop is 
attacked, trapping the wireworms with pieces 
of beetroot (failing this, potatoes), have all 
been suggested as remedies, and are all un- 
doubtedly useful. Drilling acid forms of 
manures, such as superphosphate, with the 
crop is also believed to be useful, as it 
prevents the pests working in the rows. All 
weeds should be suppressed. 

Turnip Flea*beetles, or “ Fly.” These 
tiny beetles {PhyllotrHa yiemorum), about 
one-tenth of an inch in length, are aiuong 
the farmer’s worst enemies. The inalun* 
, beetles devour the tender lirst leaves of turnips, 
radishes, mustard, cabbages, and allied plants, 
giving them the appearance of liaving been 
riddled with small shot ; the larva* mine the 
leaves [2] and feed on the soft tissues. 
Whole districts are sometimes almost cleared of 
turnip crops, and three successive sowings have 
been alike ruined. The V)eet.les [21 arc blackish 
in colour, and have a broiul, yellow stripe down 
each wing-case, sliowiiig, wlum at rest, two 
stripes down the ba(?k. For prevention and 
remedy: Good cidtivation is essential, with no 
clods under which tlie beetles can shelter; 
hastening on growth by means of artiticial 
fertilisers ; suppressing erueiferous weeds ; 
^praying the crop witli j)araflin by distributing 
it in tile form of a very line mist (using a 
“spraying machine”) to make the plants dis- 
tasteful to the beetles.^ As fresh generations 
aro rapidly produced, iuimedialc action should 
be taken in case of attack. 

Diamond-back Moth. In 1837. 1851, 
1883, and 1888 this moth (JHiUella tmculi- 
pennis) was very injurious to the turnip crops, 
while in 1891 there was so serious an infestation 
in the Eastern Counties, from Kent to Ab(u-deen- 
sliire, that the Boanl of Agriculture made an 
inqiiny into the circumstance's and (*xtent of 
the attack. During 11)04, also, the pest was 
prevalent. It is not tju; moths, but tlie hordes 
of (?ater pi liars [3] which directly do the damage, 
these latter congregating on the plants and 
devouring every particle of the soft tissues of 
the leaves. Tlie moth is two-thirds of an inch 
in expanse of wing, and when at rest certain 
marks on the wing-margins assume a diamond- 
shaped form along th(^ back [3]. It is 
believed that the best remedy in case of attack 
is to dress the infested plants thoroughly with 
»a mixture of one part of lime to three parts 
of soot. Forcing manures to help tlie plants 
are useful. The caterpillars may bo brushed 
off, and many destroyed, by means of boughs 
tied to a horse -hoe. 

The Cockchafer {Mdolonfha vvlgaris). 
This is a beetle which does much harm to crops 
when in the larval stage ; it also does consider- 
able damage in the mature state. This pest 
is ino|e fully dealt with under Forestry. 

Daddy Longlega. This well known and 
ourioud^insect ^4], termed also 'the crane fly, 
occurs in two common species ( Tipula oleracea and 
T. palti4osa). It is harmless in its mature form, 
but in-.iho grul» stage it is exceedingly hurtful. 
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The grubs [ 4 ] arc about 1 in. in length, brownish 
in* colour, and bear po.werful biting jaws. They 
have no logs, but move freely, ahd have a mucli- 
wrinkled, leathery skin. To grass they are 
exceptionally harmful, sometimes destroying 
large tracts, but they attack all classes of farm 
crops indiscriminately, devouring the roots. 
Prevention and remedy : Good cultivation, 
clean ditches and hedges, early and thorough 
ploughing of grass and clover, dressing with 
artiticial manures to hurry crops on, thorough 
harrowing and rolling of spring corn in April 
or May, and hoeing of root crops. Birds help 
(^onsideral)ly by devouring both grubs and flies. 

The Corn, or Granary, Weevil. 
This jiest (Calaiuira granaria) is frequently 
very destructive to stored grain. The grubs are 
exceptional, in that they have no legs. Eggs are 
dofM)sitcd singly in holes bored in cereal grain, 
on which the resulting grubs feed, afterwards- 
pupating and maturing in situ. The mature 
weevil 1 5] is about one-seventh of an inch in 
length. McGonnell reeomimmds “ frequent 
turning of the grain ; cl(‘an, whitewashed 
granary ; winnowing out and destroying the 
light, affected grains ” ; while Somerville 
points out that “ a sheep’s skin laid on a heap 
of infested grain will attract many l)eetles, 
which may then be shaken into water.” 

The Stem-eelworm {Tylenchus devas- 
tairix). Eelworms of one species or another 
attack a great variety of cultivated plants, 
among these being wheat, oats, beet, jxitatoes, 
clover, lucerne, and hops, as well as market 
garden oroj)s, “ Tiilip-root ” in whiNit and oats is 
caused by T. devciMatrix [6], while the same species 
also gives rise to one of the conditions termed 
“sickness” in clovers. On the (’ontinont, 
especially in (ierniany, considerable loss is 
due to this pest. As the name implies, the 
creatures are eel-like in appearance, while they 
are microscopically small, according to Ritzema 
Bos being usually between one-tifteentb and 
one-thirtieth of an inch in length. As both eggs 
and young worms retain their vitality for a 
considerable period, even when in a ]>erfectly dry 
condition, the pest may be easily spread. To 
render an attack less likely, different crops 
should be as widely separated in the rotation as 
possible ; thorough cultivation, with deep plough- 
ing, should be ijractised ; and Ritzema Bos 
recommends “ abundant manuring, especially 
with sulphates of potash, ammonia, and Iron.^’ 

FUNGOUS PESTS 

Fungi [seepage 166] may be described as sapro- 
phytic, or parasitic forms of plant life which con- 
tain no chlorophyll, or green colouring matter. 
An example of a saprophytic fungus, or one 
which lives on dead or decaying organic matter, 
is the^ common mushroom ; on the other hand, 
the chief fungous diseases of crops are parasitic, 
passing their lives on plants. 

Like insect injurious fungi — ^for not all 
fungi are injurious-should bo attacked at the, 
weakest point in their life cycle. Many pass their 
first stages on weeds, afterwards infesting culti- 
vated crops ; all weeds, therefore, should be 
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s\ippr«ssea. M.ost plants, ix)Ui in the 'oa»e ot 
insect and fungoid infesta4>ion, are most liable»to 
attack when weak and backward, but healthy, 
strong plants resist attack. With fungi, then, it 
will be found that “good farming” is almost 
as effective in preventing infestation as in the 
case of insects, and manuring will much aid the 
crops in their struggles towards maturity. 

R.U8t of Wheat. The black rust of 
wheat {Puccinia graminis) is widely distributed, 
and although found on other cereals, is chiefly 
harmful to wheat. Its life history is somewhat 
involved, the earliest form occurring in spring on 
the barberry [226, page 1373], from which mature 
spores, or seeds, called pass to wheat 

and grass plants, where they germinate and 
produce groups of fresh spores (itredofi pores), 
which are of a rusty hue, and occur in streaks [7] 
on the wh(iat plants. Towards autumn yet other 
spores arc produced, and the streaky blotches, or 
pustules, become almost black in colour, Uus 
being the mildew form of the disease, new sporc's 
{teleutospores) carrying the fungus over the winter. 
The damage consists in the fact that the wheat 
plants arc robbed of their nutriment, great loss 
in quality and quantity of the grain resulting 
The early rust spores {urednspores) alone are 
sufficient to perpetuate the disease. All grasses 
along hedges and ditches sliould be kept down, 
only perfectly clean seed should be used, and 
mildew'cd straw should be burned. Draining 
and liming arc sometimes useful. 

Smut and Bunt. 'Phe first of these 
fungous diseases (Smut, Vstilugo) attacks all 
kinds of cereals [8], Uu? grain Ixiiiig the part 
affected. 'Phe dusty black spores arc quite 
conspicuous on the ears, and are easily .shaken 
off. Infection occurs at the time of sowing, 
th(* spores, of which sonu* 4,()(K) are required 
to measure an inch, being invisible on the 
seed grain. The lo.ss in the past due to 
uMilago has been very great. * The second 
fungus (Bunt, Tilletia) ditfers from ustilago, in 
that the spores remain hidden in the grain, 
practically every grain in the ear laung diseased. 
It is, therefore, not easily detected. When the 
grain is rubbed the spores escape, and emit a 
disagreeable odour. Wheat is chiefly attacked [9j. 

For both smut and bunt th<! chief preventive 
measure consists in treating the .seeds before 
sowing. Wheat may be “steejn^d” in a half per 
cent, solution (J lb. in 10 gals, of water) of copper 
sulphate (bluestonc) for about 12 hours ; or 
dipped into hot water at a temperature of 
130-135° F. for five minutes. For barley and 
oats the hot- water system should be cm})k>yed, 
or the grain may be soaked in a solution of 
formalin (1 pint of 40 per cent, formalin in 
36 gals, of water) for 10 minutes. 

Ergot of Rye This disease {Claviceps pur’ 
purea) not only causes great loss on account of 
its effect on rye, but it also occurs on wild 
grasses, and, under certain conditions, is said to 
be the occAsional cause of simple abortion in 
cattle. It also infests other cereals. It attacks 
the bloom, the grain being replaced by a hard, 
somewhat curved, horn-like mass, known as 
ergot [fO]. Frohi this peculiarity the ^sease is 


easily recognisable. ^ 'Po prevent future attack, 
all the spur-like proces.ses (ergot — Fr. for “cock- 
spur ”) should be gathered and burned, together 
with those obtained in cleaning the grain. 

' Finger»and«toe in Turnips. This wide- 
spread disease, which has been the cause of 
immense loss, is extremely infectious, and 
attacks turnip.s, swedes, cabbages, and similar 
plants [ITj. Us scientific imme in Phsmodittphora 
brassiere, while it is also commonly termed Anbury 
and Club-Root. The fungus causing the malfor- 
mations and decay of the roots (“ Fingers-and- 
toes ” being an appropriate name) may remain 
dormant in the soil for a considerable period, and 
is readily spread by mechanical means. All 
weeds of tlu^ same type or order as turnips — c.r/., 
(4inrIock and garlic-mustard — should be rigor- 
ously siippresscHl, and all affected ])liints b\irn<Hl, 
A second turnip or similar crop should not be 
taken for some time on infected land — once 
only in eight years if possible. Phosphates, 
manures containing ivcids, an<l sulphates are 
snid to favour the disease. Tlio chief agemt by 
w'hi(*h the disease is combated is burnt lime in 
moderately large quantities, and it is found 
that finger-and-too is by no means so prevalent 
where soil contains a high percentage of lime. 

Potato Disease. Although there are 
several other fungous pests which infest the 
potato, nom^ an; of sueli vast (‘(Kmomituil im- 
portance as potato disea.se (Phytophthora hi’ 
festarn). It was well remarked by Professor 
Marshall Ward, in writing of this disease, that 
“ since the malady in question ha.s at various 
times attainetl such virulence that large areas of 
population have been seriously affected by the 
effects of its ravag(*s, w'c have wt*ighty reasons 
for regarding it as the potato disease.” it is not 
.so prevalent as formerly, largely owing to the war 
waged against it during the past two doeados. 
The leaves and haulm blacken, and if the 
attack is .severe the haulm also heepmes decayed 
very quickly, whiles there is also pre.sent a very 
disagnunihle smell, 'rubers, when lifted, may be 
in all stages of decay. 'JV) cornbjit- the disc'ase, 
the ha\iim may be turnc'd down and buried by 
high moulding ; all di.seased haulm should be 
burned when the crop is raised ; none but 
perfect! ly clean tubers should be us<?d for “ seed 
frequent eliange of .seed should be resorted to ; 
and the growing crop may be early sprayed! with 
Bordeaux mixture — that is, a two per cent, solu- 
tion of sulphate of co])pcr (blue^tonO con- 
biining one per cent, of fresh quicklime (2 lb. 
bluestonc, I lb. quicklime, 10 gals, water). 

For other farm pc^sls the student may refer 
to the following w'orks : 

“ Manual of Injurious Insects,” E. A. Onne- 
rod ; “ Farm and Garden Insects,” W. Somer- 
ville ; “ Agi'icultural Zoology,” Ritzemft Bos 
(Translation by J. R. Ainsworth Davis); “Agri- 
cultural Zoology,” F. V. Theobald ; “ Diseases 
of Plants,” H. Marshall Ward ; “ Text-book of 
Plant Diseases,” 0. Massee ; various leallots 
i.SBued by the Hoard of Agriculture and Fisheries. 
The student should also study pages 1372 and 
1373 in the Natural Htstory section 
Continuet 
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By JUSTIN McCarthy 


Qi^liSAR’S rule as arelomor wan not' destined 
^ to last long. Kvcry oarnefit reformer has 
to encounter enemies who regard his proj('c*ts 
as revolutionary and dangerous to the com- 
munity, even wlien they are not inspired by 
a personal hatred of the man whose policy 
thretitens their position and power. It w'as 
Cspsar’s misfortune to make enemies thus among 
some high-minded and unselfish men, who 
•sincerely believed that his policy was the sub- 
version of the Republic. These were the most 
dangerous enemies whom Ctesar had to encountcT. 
The self-seekers, the men who were concerned 
only to maintain their own rank, their own 
privileges, and’their own extorted shares of the 
public funds, might have been kejjt in order by 
the overwhelming force of public opinion and 
the strength of the majority. But among the 
sincere and patriotic Republicans of Rome there 
were many men of high character \^bo had 
become fanatical in their detestation of any 
efforts to set up an imperial rule, and with whom 
the devotion to their own political principles had 
become a iiositive superstition. Such men have 
appeared and re-ap])earcd in history during all 
revolutionary times ; men with whom the act 
of tyrannicide has been contemplated as a 
religious duty. 

Brutus and Cassius. >Some such men 
were now active in the public life of Rome. 
One of these was Marcus Junius Brutus. He 
wa^ the nephew of Cato, and had been trained 
up to a life of culture and high principles. 
During the civil war he had taken the side of 
Pompey, but after the battle of Pharsalia, (^a?8ar, 
whose captive ho had become, treat^-d him not 
only with mercy, but with generosity. He saw 
that the young man had in him high capacity 
find many noble qualities, and gave him impor- 
tant offices in the Stale. Brutus w'as surrounded 
by men who constantly impressed on him the idea 
that Cajsar’s purpose was to make himself the 
Emperor of Rome. The most prominent of these 
was the Cassius whom history and Shakespeare 
have consigned to immortal obloquy. Cassius 

t ad distinguished hknself as a soldier, and had 
eld high office in the Roman State. Jfe joined 
the party of Pompey in the civil war, and after 
the defeat of- Pompey at Pharsalia, had to 
surrender to the conqueror. Caesar treated his 
captive with all that clemency which belonged 
to his nature. He not only released Cassius 
from punishment of any kind, but afterwards 
enabm him to hold high office in the State. 

Cassius, however, oontinued to be Oma.f% 
mortid enemy. Whether there was any secret 
cause or excuse for this implacable hatred, the 
world han ; but it does not seem 


to have been the result merely of fanatical 
devotion to the Republican cause. Cq^sius was 
a man of varied ability and persuasive power, 
and ln‘ ap})lied himself with only too much 
success to the task of convincing Brutus that ' 
nothing but the death of Cfesar could save Rome 
from the tyranny of a self -created and despotic 
Emperor. 

The Death of Caesar. Cassius formed a . 
conspiracy among oome of the supporters of the 
aristocratic party to save the Republic from 
the tyrant hy the weapon of the patriotic 
assassin. Brutus yielded to persuasion, and 
became one of the conspirators. From all that 
is known of Jurn we may ahsume that he believed 
himself endowed with a right to decree and to 
help in ixeeuting the death-warrant of his 
friend and jjatron. Even in the most modern 
days we find that men of otherwise stainless 
character have become posbossed with a 
fanaticism which justiheseven murder in the 
maintenance of some principle to which they 
are willing to haenfiee every article of morality 
and religion 

The plot of the conspirators became known to 
some of those around (^<esar, who received 
friendly w arnings of the danger threatening him ; 
but, with his eharaeteristii* indifference to all 
risks, he went his way. On the 15th of March, 
in the year tt n.c’., C'lesar w^ent to the Senate 
House. On his appearance, one of the con- 
spirators presented him with a petition, while 
others pressed closely around him, as if anxious 
to know his answer. 

But Caesar suddenly became conscious of the 
danger threatening him, and sprang to his 
feet as if preparing for self-defence. Then the 
dagger of Casea struck the first blow, while the 
other conspirators drew their swords and struck 
at him. Ca*Har had drawm his owm sword — the 
sword which had gleamed for victory on so ffiany 
a battletield— and strove to defend nimself, until 
he saw that Brutus, too, the friend whom Jie 
had loved and protected, was approaching him 
with naked weapon. “ Then,” in the words of 
Shakespeare, “ burst his mighty heart.*’ He 
utterefi in Greek the memorable words, “ Thou, 
too, child,” drew his robe over his face, and 
sank pierced with many wounds, “even at the 
base of Pompey’s statue.” So passed out of ^ 
life^ one of the greatest men known to the world’s 
history— perhaps the greatest mortal who has 
ever borne a part in that history. ^ 

A MlataKen Policy* The death of 
Caesar did not bring about that*" victory for 
Republicanism for which men liW Marcus 
Brutus were willing to ^sacriffee alike their 
TErien^s their moral oode.,J^08s$ar had left 





\6 mrk^ Wt hai^’^adopted aa his heir his grand^ 
Odtavius/ wim was soon to hold that 
impeSrial power to averif which Julius (Jaesat 
had been put tp death. The reuicido party, 
who fondly hoped that the sacrifice of Caesar 
« would secure the triumph of the Republic, 
found themselves confronted by wholly un- 
expected obstacles. The people of Romo 
could only thinlc, at such a time, of the great 
deeds done by Ceesar, of the lustre he had cast 
upon his country, and the fact that in the civil 
war he had fought against the domination of tlic 
aristocracy and in defence of the popular cause. 

The Senate met, and its members became 
inspired with the vain hope that civil war could 
be avoided by dealing mercifully with those 
who had killed' Caesar, and assuming that 
they had been acting on public and patriotic 
■ impulses. 

Public Feeling. It was agreed that an 
amnesty should be issued for the murderers. 
But the events (quickly showed how entin‘ly the 
popular feeling was misunderstood, and how great 
was the majority of those who condemned the 
murder, and desired to avenge it on its authors. 
Mark Antony came at once to the front and 
showed most timely energy, and a thorough 
appreciation of the whole state of things. He 
took possession of Cicsar's house and papers, 
and claimed to stand as tlu^ r(‘pn‘septativo of 
tlio dead dictator. Among these pafM'rs was 
CjBsar’s will, in which he declared that his great - 
nephew Octavius was to be his h(‘ir. He left 
his gardens by the f.ide of the 'Pi her as a public 

{ )08SC88ion for the Roman [)ooplc, and also a 
arge sum of money to he distributed among poor 
and deserving citizens of Rome. Mark Antony 
was entrusted with the duty of delivering the 
funeral oration on the occasion of (Vesar's 
burial, and it can easily be imagined wliat ai 
effect he produced when he told of the Inquests 
which Caesar had made to his people. 

The Senate did not feel that tJiey could venture 
to do anything except confirm the will of Cwsar, 
while the Roman population tlami'd out in such 
anger against the conspirators that Brutus, 
Cassius, and their associates saw' no chance ot 
safety but in immediate flight. Antony had it 
all hw own way for a time. But altliough he 
had •'assumed the position of Csesar’s represen- 
tative, and made a splendid show of (Vsar’s 
munificent spirit to the Roman people, ho was 
not inclined to lend his aid towards the earrying- 
out of that part of Caesar’s will which mode 
Octavius his heir. We are only left to con- 
jecture whether Antony was influenced in 
his feelings towards Ootavius by some personal 
ambition, some hope that it might be within 
his power to rise to the position which the dead 
' Caesar had filled. But whatever bis motive, it 
is certain that he opposed the claim of Ootavius 
> to become the heir of Csssar’s fortune. 

Popularity of Octaviua* Octavius had 
by this tithe returned to Rome from the 
camp where he had been in military training. 
He was now only eighteen years bf age, and he 
at onceifts^med the position Of recognised hei/ 
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to Caesar’s fortune arid 10 the Iflame of Caesar as 
well. While still etide&vouring to obtain tlic 
fortune bequeathed to him, ''he spent large sums 
of his o^vn in baying Up as much as he could of 
the legacies wmioh (Jwsar had bequeathed to the 
olt Izens of Rome. He be came at once Immensely 
popular throughout Rome, and thus formed 
from the very beginning a powerful party to 
support him m all his claims. 

A Power in the Statei Cicero, the 
great orator, w^as at this time a power alike In 
the Senate and in the State. He had taken no 
part in the conspiracy against Julius Ctosar, 
but he had shown no inclination to .press 
measures of punishment against the conspirators ; 
an<l he was known to bo an adherent of the 
Republican principle. He felt, and freely 
cxpivssed, his strong hostility to Antony, and 
d(*liv(‘rcd a scries of powTi'fuI speeches against 
him, wdiicliwcre calh'd at the time “Philippics,” 
a naim* adopted from the famous orations of 
Pemosthenes against Philip of Maccdon. 

( icero did his best to prevent the establish- 
ment of a thoroughly autocrf\,tic power and 
dynasty in Rome, but his efforts proved wholly 
unsuecessful. One reason for this failure w'ns 
unquestionably that the people had grown 
uUi‘rly weary of sudden changes in the con- 
stitution of the Stat(‘, and of the struggles of 
faction against faction. Rome had come into 
that condition in which Franc(‘ was after her 
great Revolution, when it seemed to the 
majoiity that nothing could save the State 
but the imperial rule of Napoleon. Antony had, ^ 
in the nuantime, l{*d an army into CLsalfiine 
Haul. Cicero and the young Octavius prevailed 
upon th(‘ Senate to regard this as an act of 
w'ar, and an army was sent out to oppose him. 
Antony was defeated in tlic lirst instance, and 
the result wms that Octavius demanded the 
highest military position in the State.* 

Here again, of course, came a serious erj^is. 
Cicero began to I’cgHrd Octavius as one W'ho was 
trying to obtain the, control of the military force 
in order to r(‘aliso hi.s ambition to become ruler 
of the State. The Senate endeavoured to pass 
over, or to postpone his claim, but Octavius Was 
now as popular with the troops, who still adored 
the name of Casar, as with the groat masfl of 
the Roman citizens. Tlie Senate, whether they 
would or not, bad to give him the Consulship 
and the military command. 

Compulsory Terms. Antony came to 
terms aftor a while, but only to terms of a tem- 
porary order. Octavius, Antony, and Lepidus 
agreed upon an arrangement by which they 
were to bo appointed commissioners for the re- 
organisation of the State ; and the Senate could 
see no way out of the difficulty .other than by 
sanotioning and ratifying this now and startling 
triumvirate. Then followed the usual course 
belonging to suoh sudden changes in the rule 
of a State, a sovoro proscription directed against 
all who h^ opposed the newly self-constitut^ 
authorities. The name of Clccro held an early 
place in the list of the proscribed. Cicero was 
then in his sitty-third year— the time was within 
some forty-three years of our phristian Bra. 
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The Death Cicero. Cicero fled from 
Rome to his villa in the country, and thithei! he 
was pursued hy a body of Antony’s soldiers, 
who captured him while he was boltoe recumbent 
in feeble health on an invalid's litter. It may 
be said that no part of Cicero’s conduct in life 
became him like to the leaving of it. He had a 
number of Slaves with him who were ready and 
willing to fight to the last drop of their blood for 
the master they loved. Cicero knew w'cll that 
nothing could come of such a struggle but the 
slaughter of his devoted slaves, and ho com- 
^ manded them earnestly to attempt no resistance. 
He offered his neck to the weapons of his captors, 
and was executed as if he had been a public 
criminal. His head and luinds were cut off, and 
by the orders of Aiiiony wrre carried to Rome 
and there disf)layed in one of the public places. 

Meantime Brutus and ('assiiis had gone into 
Asia and formed a strong army, intending, on the 
first favourable opportunity, to make war upon 
Octavius. Octavius and Antony passed into 
(Greece on their way to meet the rival army,* 
which was completely defeated at Philipjii 
42 n.o. Cassiiis'and Brutus, seeing that all was 
lost, determined to die ; Cassius eoiupelled 
his freedman to kill him, and Brutus killed 
himself with his own sword. Octavius now' 
settled down to the task of consolidating his 
power in Italy. 

Antony and Cleopatra. Mark .Antony 
remained in the East, and here met once again 
wdth Cleopatra, with Avhoni he became eom- 
' pie tely enslaved. Antony and Cleopatra made 
war against Octavius, and the great sea- tight at 
Actium took place, in which Antony's fleet and 
men might have made a good tight hut that 
Cleopatra had her galley withdrawn from the 
front, and Antony follow(?d her in what seemed 
to bo a flight. The Egyptian fleet was wholly 
defeated, and when his cause seemed lost, 
Antony committed suicide. 

twopatra tried the effect of her charms on 
Octavius, but found him made of mucli less 
impressionable stuff than Antony ; and, seeing no 
hope of gratifying her ambition, she put herself to 
death. Octavius W’as now% without any rivalry, 
the foremost man» in Rome, (.'leopatra being 
the last sovereign in succession of the great lino 
of the Ptolemies. Octavius treated the remains 
both of Antony and of Cleof)atra with all respect, 
and the pair w^re laid in earth side by side in 
the time-honoured burial-place of the Egyptian 
sovereigns. Octavius now had the government 
of Rome entirely in his liands. His w^ars 
h^d kept him out of Rome for some two years, 
but the affairs of the State had been well 
managed by his trusted representatives, and 
when he returned to Rome he found ev^erything 
' in good order, and prepared for the continua- 
tion and extension of his work of recons iiuction. 
He found that he was entirely trusted by the 
people and in absolute command of the army. 

He had now to decide w^hether be would accept 
the imperial power and proclaim himself the 
autocrat of Rome, or whether he would hold 
back from this oxtreiuo decision aUd keep up 


tixe appoaratice of being only ihte boiistitutipnal 
head of the administration and the leading' 
authwity in the system of government. Octavius, 
w ith the prudence characteristic of him» declined . 
to accept any imperial authority, and he still 
w'as in name the chief magistrate of a constitu- 
tional Republic. Ho saw what a hold the 
Republican form of rule had upon the Roman 
pcjople in general, and how, despite increasing 
luxury and extravagance, men of the highest 
minds still strove to maintain the . ideal 
Republican simplicity of life. 

The Rule of Octavius. Octavius knew 
well also that if Romo could not emerge 
from lier present state of chaos the imperial 
system would have to be tried, and he seems to 
have derided that it w'as his destined task to 
conduct a monarchy under all the external forms 
of a republic. It was tho more easy for him 
because lie had no taste for Impc^rial splendour or 
for prodigal display. He occupied only a modest 
and unpretentious dwelling, W'asted neither the 
State’s property nor liis own in luxurious living, 
and conducted himself as any Republican liouse- 
holder might do. Even towards those orders 
and institutions which had been most unfriendly 
to him Octavius showed moderation and fair 
dt'uling in his (‘luh^avour to obtain a |X?rmanent 
settlement' of public affairs. He reduced the 
numbers of tlic Senate, wlvich had growm too 
large for idlicient w'ork, but did not diminish its 
authority in th(^ sphere traditionally marked out 
for it, and his ow n name appeared like that of any 
other senator on the official list. 

A New Order of Things. As soon as 
it became clear to Octavius that order ha<J 
been ri'stored, and that Rome had no longer 
any conspiracies thrc'atening it, h(‘ resigned 
th(5 exceptiomil [lowers which luid been cn- 
tru.stcd to him, and resumed the position of 
presiding magistrate over the State. The 
Senate decreed to him a ne^v tenure of the 
dictatorship for ten years, with the understanding 
that the term of office should he renew’cd as often 
as might he deemed necessary in the interests 
of the country. Octavius accepted these con- 
ditions, and received from the Senate the title 
of Augustus. He w’as now Augustus Ca»sar, and 
was to havi* precedence over all other men in 
official position. Ho w\as also proclaimed 
Cominander-in -Chief of the army, and it was 
decreed that to liim alone could belong the right 
of making treaties, of declaring w\ar, and of 
offering or accepting terms of peace. He was 
Emperor in everything but the name, for it was 
certain that, sd long as be lived and retained his 
popularity, there was no likelihood that an 
attempt would be made to put a limit to his 
time of office. Augustus did eveiy thing in his 
power to make the new order of things acceptable 
to the Senate. He announced to the senators 
that it was his intention to govern the State in 
co-operation with them and trough the medium 
of their decrees, and not by sudden and Imperial 
pronouncement^. A now and importent 
chapter had opened in the Kistopy of Rome.'' 
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By COURTENAY POLLOCK and P. G. KONODY 


CHOULD it be desirable to give the plaster 
figure the colour and metallic appearance 
of bronze, the following method is perhaps th<‘ 
quickest of all, and the effect may be almost 
what you like, though it depends on tlu^ skill 
employed. 

The plaster ciast should in the first plaice be as 
dry as it will get if left in the studio for .about 
24 hours. The bulk of the moisture will evapor- 
ate, but the east need not get perfectly dry. 
The following materials qj-e required, in quantities 
varying according to the size of tlui cast to he 
coloured. 

Of dry colours - royal blue, Vandyke brown, 
and lemon yellow or chrome ; some shellac 
in fluke, some very good bronze powder and 
some methylated spirit. Dissolve some of th(‘ 
sluillac in spirit in the ratio of two good table- 
spoonfuls of shellac in half a pint of spirit. 

The Colour. For a greenish bronze tin* first 
coat should lx* of a fairly bright grc(‘n. Mix, as 
required, blue and chrome, and add a very little 
brown to quieten the tone. It should he borne 
in mind that more yellow is required than blue: 
a very little; blue will go a long way. Mix it 
with the she;llae, not thickly, and with a large 
hog-bristle brush eov(;r tlie whole cast. It 
may be necessary to give two (touts, but it is 
only required that the green sliall not bo so thin 
as to show' the white plaster through it. 
Judgment must be exercisc'd in using the 
shellac. If too mucli is taken the colour will 
shine, and spoil the desired effect. Each coat 
should dry so that only the very least shine 
is noticeable. Mix some bronze* gold next. 
This should he very thick, almost stiff, but vtn-y 
little should be \ised on tiu; brush, .lust dab 
the end of the brusii on the bronze and draw it 


lightly over th(j surface of the cast, avoiding tin* 
deeper hollows and allowing all the higher points 
to receive this colour. This, when toned down, 
will give the bright points of polish, similar to 
those on real bronze where slight rubbing has 
removed the colouring or oxidizing. 

Bronzing the Prominent Parts. More 
of the gold bronze should bo laid upon tin; 
most prominent parts, such as the bridge and 
tip of the nose, the highest parts of the hair, 
and the outer edges of the ear. Now mix some 
brown and add just a little of the green. Use 
it rather thin. Have a ejoth in one hand to 
dab with, and do not use more colour than will 
just damp the brush. Go very lightly over 
the whole cast as quickly as possible, taking the 
.colour a little more deeply into the hollows 
than you did with the bronze, but not touching the 
green in the deep places. Follow at the same 
time with the cloth in the other hand, dabbing 


lightly on tlu^ very lugbosl points only to 
remove some of the brown colour. On the large 
flat portions, like the cheeks, neck, and on 
smooth hair, dab the elotli all ov(‘r lightly. ^ 
When this is quite dry, polish it over with a 
piece of velvet or very soft cloth. 

Casting with Gelatine Mould. This 
method is emidoyed when more than one 
east of the same object is re(|uired, or when 
the detail of the modelling is too fine to admit 
of chipping oft' the ])lastcr mould. 

The modus operandi is as follows : Procure 
.some of the best gelatine, not .such as is used for 
<*o(>king, but that sold for the purpose by Italian 
warehoust‘men or drysalt(*rs ; tln^ (juant ity 
varies according to the size of the n\pd(*l. Some 
Fremdi chalk, methylated spirit, and sJiellao 
in flake will bi* retpiired. Place the gelatine in 
water until it is a little flexible, l)ut do not soak 
it, fiH this would make it too thin to form a strong 
mould. Pla(;e it in a double saucepan, and, 
having filled tlie outer vessc*! with water, allow 
it fo simnuT over a lire until the gelatine is 
quit(‘ melted. 

In m ikiiig a mould upon a figure in tlie round 
it is nec(*ssaiy to iinke first an outer (;asing of 
plaster. 'I'he gelatine mould must be made in 
this as it dojs not stick on the clay like plaster. 

Jt takes soiue hours to sot, and cannot Uierefore 
be thrown on to the clay. Allow the clay model 
to dry a little so that tins surface is firm and 
not easily injured by pn'ssure. (jlive it a thin 
coating of shellac all ov(?r, apjil i(‘d with a very 
soft brush. 

Covering the Model. Roll out some, clay 
I or 2 in. thick (for a small figure of 12 in., 

1 in. will b(; sufficient), (.lover the inoded with 
damp tissue papi*r, and lay the clay all over 
it, lightly filling the seams and smoothing 
over the whole surface. Oil the hoard round 
about the fiase and make the. outer mould 
of plaster in two pieces, front and back, or as 
the Kha])e of the model dictates ; this is done 
by using tin* clay division, as in making a 
piece mould. 

No coloured layer is reiiuired, as the case will 
not be (diipped off, but removed in halves. 
Trim tin* easing round the base and mark Its^ 
outline witli pencil ujiori the board. Now 
remove it and the claj covering and the tissue 
paper. Having removed tin; clay from tin* 
plaster case, allow the latter to dry a little and 
then give it a good coating of shellac, after 
cutting a hole at the head through which to 
pour the gelatine. Smear the board round 
the base of the model well with shellac, and oil 
both that and the case. Now place the plaster 
case in position round the model, following the 
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pencil outline on the? wooden base. Bind tho 
cose tigbtlv and fill tho seam with clay, banking 
up round the base to prevent the liquid escaping. 

Dividing the Mould • Four in the gelatine 
at the top slowly, completely filling the case, 
and with a wooden mallet tap all ovoY the 
outside, from the bot^tom upwards, to release 
any air Uhbbles that may have formed inside. 
Leave it. for abcfiit six hours to sot. If the 
inside of the plaster case has boon properly 
covered with shellac, and well oiled, the halves 
will come away easily. 

Cut through the gelatine mould with a fine, 
sharp knife, dividing iv into halves. It is best 
to make this division at n point that do'*s not 
correspond with 
the division of the 
plaster case. 

Take off the 
gelatine mould and 
brush it quite 
clean, drying the 
inside with French 
chalk upon a very 
soft brush. Do not 
leave any ♦powder 
in it, but blow 
into tho hollows to 
remove it, then 
brush it 'over with 
olive oil or w’ax 
dissolved in paraf- 
fin. The mould is 
now ready to cast 
from. 

Place the halves 
carefully together 
and put on the 
plaster case, bind- 
ing it with cord. If 
the hole at the top 
‘ is very large, it 
should bo filled up 
with plaster. The 
opening the base 
will bo used for 
pouring in tlio 
mixture for tho 
cast. When the 
mould is filled it 
should bo well 
shaken about, .as 
air bubbles are very common in usmg gelatine. 
The mould is removed in the same manner as 
before. Every successive casting is treated in 
the same w^ay. If it is desired to keep the 
gelatine mohld for a day or ^o, cover it w itli a 
waterproof sheet. 

Brong;e Casting. In easting in bronze 
the sculptor has nothing to do with tho actual 
process oeyond retouching the wax cast and 
finishing tho bi'onze when necessary. The 
normal composition of bronze may be approxi- 
mat^y jixed at nine portions of copper and one 
of tin ; but the quantity of tin may yary from"^ 
S to 10 per cent. ^ 

For tho sal^ of liglitncss more than economy, 
works are^n pt made solid, but are over a 


central alS^[emovahle core. This tiS 
and fashioned roughly into the shape 

of. but smaller than, the mo^eL^ is made of 
a mixture containing modelliim. clay, pounded 
brick, and plaster-uLParis. If is drf^ slowly, ^ 
^nd the last particle of moisture removed ^by‘ 
baking. Upon this tho sculptor models his 
work in wax. This process, though very old, 
is being disused where thq method which is 
about to be described can be employed. * 
The “Cire Perdue” Process. It is 
generally more convenient, and certainly quicker, 
to take one or more casts, as required, in foundry- 
wax, which is hard and firm. This should be 
made of alxiut the same thickness as that 
necessary m the 
bronze cast. Tho 
sculptor retouches 
the wax, and the 
founder proceeds to 
make the bronze 
from it. Tlie core 
IS made by filling 
the wax model with 
the mixture of clay, 
pounded brick and 
plaster. Tho mould 
IS then made by 
covering the whole 
with layers of 
c omposi tion of 
dried elay-briek or 
pounded crucibles 
and plaster, thoro- 
ughly ground, sifted 
and crushed, and 
rubbeni into a soft, 
creamy substance. 
These layers are 
added as they dry, 
the sharpness and 
definition of the 
bronze cast depend- 
ing upon the nature 
of the mixture. This 
IS covered wfith a 
very thick, mass of 
coarser material, 
and thoroughly 
dried. The wax 
then melted out. . 
and the mould 
heated. Ducts and vents are made in various 
places to permit the escape of air through^ 
th<* casing of the mould. This is dotie by 
attaching very small rods of w*ax to the 
extremities of the wax model before putting 
on tho mould. When tho w^hole is heated, these 
rcxla melt and run out from between tho core 
and the mould, together with the wax shape of' 
the model, leaving the ducts or air pd^sages 
epar. 

llie bronze is run into the heated mouM> aud 
sets at once. Cooling takes some 'time* The 
mould is then carefully chipped away, and the 
core raked out. Tho bronze will have taken, tho^ 
exact shape of the wax, and, therefore, 
will be rods of^bronze in place of Wig^s 
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‘projecting from the extremities. These are sawn 
off.'hnd the roughness finished by the sculptor. 

Colouring the Bronse, The bronze 
is coloured, according to the wishes of the 
modeller, . by the use of chemicals, such as 
^ sal ammoniac, almond oil and flower of sulphur, 
or^tnuriate of ammonia, one part, andsubacetatc 
of copper (verdigris), two parts, dissolved in 
vinegar by boiling, and bruslunl over the bronze. 
A very well-known method, and one which 
Jives pleasing results, is to mix twelve parts of 
common salt with six of hi-tarlrate of jM)tash 
and tw’o of sal ammoniac, dissolving in twenty- 
four parts of boiling water, and adding thereto 
from eight to ten parts of a strong solution of 
nitrate of copper. This mixture is washed ovc'r 
the surface, and the operation repeated as the 
coals dry. This gives the bronze a good antique 
colour, and may be polished with a fairly soft 
brush. But for the 
antique patina sal am- 
moniac is most valuable. 

Use of Modelling 
Wax. Wax as a 
modelling medium is 
very useful in making 
sketches or memoranda 
of pose. Jt is also use- 
ful when very fine sharp 
detail is required, such 
as is necessary in silver- 
smiths’ work. The red 
wax sold by Messrs. 

Reeves is perhaps as 
good as any, as it is 
always fairly firm. 

There is also the 
“Italian Modelling 
Paste," whicli is more 
creamy, and of a brick- 
dust colour. It is useful 
for relief work, but is 
hardly firm enough for 
work in the round or 
where there is much 
projection. * 

In using an armature 
for small wax figure? it 
is best, if it is desired to 
keep the model, to use 
tine stout piece of wire 
secured to the base and taken up the standing 
leg, and lighter wire for the rest of the form, 8uch 
an '"armature is easily bent about in finding 
a pose. Before putting on the w'ax the w ire 
support should be dipped in melted n^sin or pitch, 
or it will become corroded by the wax. (\)pper 
wire is better than galvanised, on account of 
!■ its softness. Keep the wax always covered 
when not in use; it is very difficult to clean. 

: In designing a figure the lighter the armature 
the more easify it will be bent. It is well to 
remoinl^r thi^ as it will be found very con- 
venient, wlien thinking out a pose, to twist or 
turn the sketch model into various positions. 

; OrtgItiaHty* Many students,* having ac- 
quired Sttftcient technical knowledge to express 
themselt^^ medium of . sculpture, - cast 


about for w'hat is sometimes called a “ style." 
If the student has learned his modelling from a 
good master, who has inspired him with con- 
ndenee, he will probably absorb many of liis 
master's ideas and adopt some of his methods. 
Failing this, he will perhaps “ base ” himself on 
a sculptor who has become w’ell knowm on account 
of his originality. This U a very great mistake. 
It is but natural that the learner should, to a 
certain extent, follow' the methods of his teacher, 
and in a measure fall into his manner of expres- 
sion. But the desire to imitate the superficial 
characteristics of the work of others cannot be 
too .sevci’cly condemiu'd. To whatever extent 
he admiri‘.s the work of a sculptor, be ho bad or 
good, ilu' student should resolutely resist the 
temptation to follow what may prove to be 
soim‘thing he does not entirely understand. 
Originality is not a (piality to lie sought after. 
It is the unr/mscums 
outcome of conseientious 
and earnest study — 
study of books and 
(‘xanqiles of good seiilp- 
turo [31 and 32J, and, 
above all, the study of 
Nature. Originality is 
th(‘ outcome of imagina- 
tion and knowledge. 

Marble Cutting. 
(Comparatively few 
modellers nowadays can 
be said to be masters 
of marble carving or 
stone carving. Tins art 
is almost ignored in the 
Brit ish art schools. The 
student is given a train- 
ing in modelling in clay, 
and is left to Ids ow^n 
it'sourccs to acfiuire a 
knowledge in the use 
of tJie chisel, 'rhoconsc- 
(lucncc. is that the 
majority of stope carvers 
ar(^ ftalians. who arc 
employ(id for w^ant of 
English carvers. It is 
impossible to show' w'ith- 
out practical demon- 
stration how to hold 
and strike a chisel, «)r how to point and finish 
the marble work ; but a few Hints will be 
sufficient to guide the student in learning these 
tilings by experience. 

The marble is supplied in blocks and upon its 
surface the outline of the model is dra\yn thus: 

Roughing Out. \ ’jion the front surface of 
the block the outline of the front view^ is drawn 
from the plaster model ; upon the sides the side 
views are tract^d in the same way [33]. Tho 
outline is then cut op sides, front, and back, as 
shown in 34. This is cut out to within about 
i in. of the actual surface. 
u Tho “ pointer is then brought into lisc, to 
determine the exact projection of vStious points. 
It is too complicated to exnjjain in detail, but the 
v^orking principle may be lescribcd in this way. 
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The, pointer has three arms, which arc to rest 
on throe chosen- points upon the model, which 
cannot be fixed for general use, but must be 
selected as the design of the model demands. 

An example is shown 
. in 86, one point being 
at the crown of the 
head, upon which the 
whole instrument de- 
pends, and two lower 
points rest upon the 
chest. The arms are 
now screwed up so 
that they are quite 
rigid. To this frame- 
work several flexible 
jointed pointers are 
attached. Before at- 
taching the pointer, 
three small lumps of plaskT J in. thick should 
be fixed upon the model to receive tlu^ points 
of the instrument, and each lump should have a 
small piece of tin or copper 
sheet the size of a half- 
penny piece, with a fine 
dent in the middle, such as 
may bo made with the 
point of a wire nail. These 
will form secure and defi- 
nite points uj)on which to 
rest the machine while 
taking measurements with 
the flexible pointers. [See 
85 .] 

Pointing. (’oiTcspond- 
ing points must he selected 
very carefully upon the 
marble, for whiui the 
measurements have heen 
taken upon the model by 
bending the flexible arnis 
till their points touch the 
projection recpiired, tlie 
w^holc is lifted from tlie plaster model and 
placed updn the marble. Tiu*. thrtic projt'cting 
points of marble may be removed when the 
object is quite finished. 

Pointing and rough carving preparatory to 
making a piece of sculpture are generally handed 
over to an , ordinary carver, as it does not 
require very much skill, being purely mechanical, 
and demanding only a(^curaey. A machine has 
recently been invented which does this work 
with perfect precision, and in about a tenth 
part of the time necessary to do it by hand. 
It is consequently much cheaper and mo o 
reliable ^than handwork. In England the 
machine is used by the Sculpture and Carving 
Syndicate, at Southwark. It is a mistake to 
think that the use of such a machine is inartistic. 
It does only the mechanical w'ork which would 
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otherwise be performed by the sculptor’s 'ass at- 
ant. In chipping, the tools used vary in siase 
and weight, according to the amount of marble 
to be removed. In finishing, a yery much lighter 
mallet is necessary than the One required in 
roughing out. 

Finishing. It should be borne in mind 
when learning stone or marble carving that 
it is impossible to correct mistakes made 
by cutting too deeply. WheVe projections 
occur which are liable to be 
snapped by the weight of the 
mallet, such as the fingers 
or an arm, a supporting 
bridge of the material should 
be left, so as to strengthen 
the part by attaching it to a 
heavier mass. The hand or 
arm may thus be attached 
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fingers or at the wrist and 

Rov.aiKD ot-T atta.hmentB 

should be removed with great care when the 
parts are quit(‘ finished, and only light tools 
should b(? employed for the purpose — small, 
light ehisels, riffles, and, if a high finish is 
ri'quired. sandpaper, emery paper and polishing 
brushes. 

In finishing a model it should be placed in a 
half light, so that it is illuminated from one side 
only. 'I’oe plaster model should be placed in the 
same light. By this means irregularities of 
contour are 
discover c d. 

Keeping botli 
plaster and 
marble in tlu* 
same liglit, 
they should lx* 
turned round 
a little at a 
time, so that 
the outline 
may be seen 
from as many 
p o i ii t s as 
possible. 

Reducing 
and enlarging 
from a model 
is also done 
by pointing 
machines. 

Exactly the 
same process 
should- bo fol- 
lowed, with 
the exception that the reducing or enlarging 
machine has a pointer to trace over the model, 
and a drill to rough out the reduction or 
enlargement in the marble. 
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By ERNEST A. CARR 


CVERY person of alert intelligence recognises 
^ to-day the intimate relation existing betwetm 
efficiency and training, whether viewed from tlie 
personal or the national .standpoint. It is un- 
necessary, therefore, to insist at length on the 
vast importance of popular education, and the 
respcmsibilities of those into whose hands such 
a mal trust is committed. ^ Jn England and 
Wales recent legislation has confid(^d most of 
this power to the greater municipal authorities, 
and there is perhaps no single department of 
local government work which can compare' with 
it in essential value. 

Education and Popular Control. 

Without seeking to trace even in outline the 
history of the education of the people sirujo the 
great basal statute of 1870, we must consider 
briefly the position existing prior to the opera- 
tion of the Education Acts of 1002 and 1903. 
Of the two great (jiasses of State-aided element ary 
schools, the voluntary, oi* denominational section, 
accommodating more than half the total number 
of scholars, was mainly dependent for its support 
upon rcvcuiues derived from private sound's. 
The Board schools, on the other hand, were con 
trolled by local school boards, and maintained 
c’hiefiy from the rates. With a few exceptions, 
municipal authorities had no part in the direc- 
tion of elementary schools of cithei* class. 
Secondary training was (as now) partly con- 
trolled by county councils ; but b('tw<*en these 
two detached systems of primary and more 
advanced^ education the uniformity and cohesion 
wore lacking which might fashion them into a 
single effective instrument of national education. 

The Education Acts of 1902 and 
1903. The state of things thus sketched has 
been radically changed by tlu^sc much-del>ated 
measures, the first of which alTecU'.d all England 
and Wales, save London only, and the latter 
capital itself. It is even yet too early to 
determine exactly the extent of the changes 
they have introduced ; but, apart from certain 
controversial features with which wc are not 
now concerned, the two statutes certainly tend 
to unify the educational system of the country, 
and to place it on a wider basis than before. 
And the aim of the new method is ])opular 
control through the municipal representatives 
of the people. ‘ 

Effects of Legislation. The most strik- 
ing changes effected by these acts arc the 
abolition of the school boards, the trans- 
ference of their buildings (now^ known as 
“ provided ” schools) to municipal bodies, and 
the control by these latter autnorities, so far 

secular education is concerned, of the volun- 
tary, or “ non-provided ” schools. These and 
other changett are thus admirably Hummarised 


by an (‘ducational expert : “ By the passing of 
the Education (London) Act of 1903, tlie com- 
plement of the Education Act of the previoUvS 
year, the linishing touch Avas given to an 
administrative upheaval, the like of which has 
not ])ct:n witnessed since tlie laical (jJov eminent 
Act of 1888 became law. The Acts produce not 
so much a cluingc; as a revolution in our system 
of national education. At oik^ stroke the elabor- 
ate maehintiry of .scdiool boards elected to deal 
with elementary (‘diication is wipi*d out of 
existence, educational inlerc'sts of all kinds — 
elementary, secondary, and higher — are co- . 
ordinated, and the power given to municipal 
authoriti(‘S throughout th(‘ country. .\ notable 
result, of the change made is that for the first time 
the voluntary, or, as they are termed in the 
Acts, 'the non - provided ’ schools, are brought 
under a certain measure of popular control, and 
are siipportctl out of the rates, (‘xcept with 
regard to the maintenance of th(‘ school fabric in 
a condition of repair — an obligation which still has 
to 1)0 discharged by the trustees of the sc^hool.” 

A Colossal TasR. Some idea of the 
magnitude of the labours thus devolving on 
municipal l)odi(‘s who a,r(‘ made education 
authorilicH by tbe.se Acts may be gath(;rcd from 
the latest educational returns. 'I'lioso show the 
number of ehunentary schools iimh'r ins])ection 
ill England and Wales to be 20,285, with ac- 
coinmodiition for iK'arly 7,0tKb0()() sehohirs, a 
total of (>,705,484 children on the books, and an 
actual attendance of (>,024,543. Tiie task of 
cduciiting this miglity army of scholars is 
entrusted to 1t)(),73l) teai4n rs, ami (a)sts the 
country considerably more than thirteen millions 
sterling every year. These figures, it should Ikj 
noted, relate to primary education alone. To 
the du til's they denote must be add d “ the 
general co-ordination of all form-s of education ” 
— involving the maintenance and management 
of muiiieif)al secondary schools and technical 
colleges, the training of teachers, and the 
creation of an adequate “ ladder of learning ” 
by means of council scholarships to higher 
grade schools and the univi'i’sities. As an in- 
stance of the lilxjral way in which this last 
obligation has been iriicfpretcd by the autliori* 
tics concerned, it may lx; meiitioucd that in 
London alone over 5,000 scholarships arc now 
olfcred each year. 

The Education Authorities. The 

statute of 1902 created provincial education 
authorities of three grades, under the general 
control of the Board of Education. County 
oouncils and county borough" councils have full 
powers for the purposes of the Act ; while 
boroughs numbering over *10,000 inhabitants, 
and urban districts of above. 20,tK)0, have charge 
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of elementary instruction only. . The education 
authorities thus formed are as foUows : 

G2 countiqgi 
71 county boroughs 
144 larger borougns 
58 larger urban districts 

^5 

The Act of 1903 add d but one new mcmi)er 
to this list — the London County Council, which 
is the sole educational authority witliin its 
area. There are also a number of minor local 
authorities,” comprising 110 boroughs and 74S 
urban districts, with jiowers restricted to the 
levying of a rate for the purposes of higher 
education. 

Each authority acts through an education 
committee, appointed mainly by itself from its 
own ranks. In London no fewer than .38 
members in a committee of 43 are County Coun- 
oillbrs. These delegate bodies are invested with 
wide executive and advisory powers ; but the 
local authority may disregard the advice of its 
committee, and remains subject in supreme eoii' 
trol only to the mandates of the Education Hoard. 

The Teaching Staff. The position of 
municipalities as education authorities Ixung 
thus indicated, we may turn to consider the 
natur6 of the employment they offer in this 
capacity. It is noteworthy, by the v ay, that the 
local coimeil appoints the staff of its provided 
schools, and that its consent is required to the 
appointments made by the managers in non- 
provid ‘d schools. 

A recent report of the Jloaid ot Education 
affords some jnt<*restmg information as to the 
numbers and pay of the t(‘aeh(Ts in municipal 
schools in this country. Apart from 2,172 pro- 
bationers of both s(‘xes, the ti'aehing staff is 
constituted as follows ; 

.Male. Female 

Certificated teachers . 27,*2(>0 47,460 

Uncertilicatod 35,110 

Supplementary and provisional 

assistants .. .. 55 18,241 

Pupil teachers 4,151 20,682 

:i7To7l 121,493 

The salaries of the certificated teachers in 
English and Welsh public elementary schools, 
some of whom occupy a house free of charge, 
aro classiliod 4hus : 


The upward trend of salaries in the eduoa* 
tional service generally may^e seen by com- 
paring the figures la^ti. quoted with tnose of 
two years earlier. In the same four classes 
the average salaries were then : £14^ 178. Od., 
£108 lls. 5d., £08 78. lOd., and £78 ISs. 7d. 

A detailed account of the conditions of 
sdTvice under each of the 336 educational author- 
ities — the salaries they pay and the qualifica- 
tions they demand of teachers of every grade — 
would fill a bulky volume. These particulars 
can generally be obtained in respect of any 
single area from the secretary to the education 
committee of the local council' concerned. 
Our purpose in the present course will be 
served best by reviewing at some lengthlthe 
methods of a typical council, and adding 
whatever comments are requisite as to the 
educational service generally. 

The London County Council, The 

choice of an authority need not detain us' 
for a moment, for London possesses in its 
(^ounty Oouncil by far the greatest and most 
in fluent in 1 of them iill. The explanation is 
that the sway of other county councils is broken 
by the occurrence of county boroughs and less 
important t‘diieatiori authorities within their 
area. The London (’ouncil, however, under 
the terms of its own spi'cial Education Act 
(that of 1903), IS supreme throughout the length 
and breadth of its district. As Pope said of 
Addison, it “ bears, like tlie Turk, no rival 
msir the throne 

London's Educational Army, The 

C’ouneirs Education Committee, according 
to the last available returns, had charge of 
.527 provided and 437 non-provided primary 
schools, with a total average attendance of 
666,714 elnldren, and a teaching staff that 
numbers 1 1,8.35, It also controls the most 
efficient set of special schools in the kingdom, 
comprising centres for manual training, wood 
and metal work and household duties, institu- 
tions tor mentally and physically defective 
scholars, industrial and truant schools, technical 
institutes, and twelve training colleges. All 
these furnish occupation for 6,824 other instruc- 
tors, making a total teaching staff of 21,65ft— 
a number which will be considerably augmented 
in the next statistics. The committee is also 
giving effect, at an annual cost of £174,500, 
to the elaborate system of scholar- 
ships already- mentioned, which is 
designed to afford every capable 
child in London an opportunity of 
securing a thorough education free of 
charge. ^ 

Salaries of Teachers* The 
advantages of the Lemdon service as 
a career aro well jllustrsted by com- 
paring its average*' salaries with those 
given in the previovis tsbte. In' 
London the average salary for head 
masters is £289 6s. 5d., and for tl^ir 
assistants £144 Oa. Id. j whfie 'among 
women the corresponding figures are 
£206 6s. 9d. and 104 



Masters. 

Mistresses. I 

Aunuaf 
Salary. "" 


— - 



Prhidpal. 

Assistant. 

rriiicipal. 

Assistant. 

XJn<ler £50 .. 
£50 to £10(f. . 

2 

2 

59 

670 

1,787 

5.157 

9,681 

22 ,398 

£100 to £150.. 

5,384 

6,068 

5,421 

5,452 

in 60 to£S00.. 

3,145 

1,848 

1,392 

45 

£200 to £250.. 

1,685 

10 

625 

— 

£250 to £200. . 

744 

1 

143 

>..• 

£300 to £400.. 

466 


13 

1 

,£400 and over 

38 

1 

— 

— 

TotfU .. 

1 ' 13,251 

i 18,087 ' 

' • 17.S34 5 

28,560 

Average Salary 

1 £160 11 0 

£1112 4 4 

1 £104 0 1 

1 £80 15 4 
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CIVIL SBIIVICS 


lillementary 




’ Men. 

Womoti. 

Schools : 
Grades ^ 

Acoommo* 

dation. 

Salary and inord- 
meats. 

Salary and incre- 
ments. 

I. 

# 

1—200 

1 

£10 more than 
salary under 

scale for assist- 
ants 

£10 more than 
Salary under 

scale for assist- 
ants 

II. 

201—400 

£200— £300 by £10 
annually ^ 

£150— £22& by £8 
annually 


401 and 
upwards 

£.300 -£400 by .£10 

£22.5 -£300 by £8 


lor^pupil-teaoherahips under 
the Ldndon County Council must be 16 
l^years old, and mutt pass an educar 
lional esramination. They are then 
attaobed to a centre for two years, 
receiv^ instruction for half their time 
and teaching in day-schools for the re* 
mainder. Boys are paid in their first year, 

£32 10s. Od. ; and in the next, £39 ; the 
, amounts for girls ^ing £20 16s. and £26. 

-The pupil' teacher then entei a train- 
ing college for either a year or two 
years, boys receiving ^ meantime an 
allowance of £18, - and girls £15. 
Candidates are also admitted-ilirect to tlu^ 
training colleges at the age of 18 or Ith men 
receiving under tliese conditions a Covernnient 
grant of £25 a year, and women £20, during 
their course. On completion of their .training 
they pass the “ oertilicate examination.'* and 
are appointed as assistants. 

Salaries of Certified Teachers, 'riie 
salaries at which certificated teachers l)egin 
are determined by their training and ability. 
Men who, afU^r two years’ training, pass in 
the first or second division, receive £95 a 
year. The lowest figure, £75, is reserved for 
third division men of not more than a year's 
training. In similar fashion the initial rates 
for won^n vary between £84 and £70. These 
figures will eventually be increased to a salary 
beginning at £100 for m(*n and £90 for wom(‘n 
t^ertificated teachers bolding a degree, or train- 
ing for throe years, receive an additional £10 
yearly; and the same allowance is made to 
untrained graduates and to Associate's of the 
Royal College of Science or the City and (luilds 
of Twondon lastitute, provided they possess 
certain qualifications in tlu* theory and practice 
of- tf>aching. 

Men and women who have not passed th<» 
Couftoil’s certificate examination, but hold some 
recognised ediu^ational diploma, are aceeptt‘d 
as uncertificated teachers at fixed salaries, on 
condition that they become certificated within 
five years. 

With these exceptions, the annual increments 
are, in the case of men, £5 for the fir.st two years, 
and £7 10s. thereafter, to a maximum of £200, 
^ subject to a special report on reaching £150 ; 
ana, in the case of women, £4 to a maximum of 
£150^ subject to a special report on reaching 
£130. 

Regulations for Promotion. To 

regulate the promotion of assistants to 
'ft- principal rank, the CounoiVs Education (!om- 
« mittee has adopted the system of framing an 
Annual }?romotion Register, limited to 225 
' selected names. * When a head teacher s post 
becomes vacant, no application from an a8.si8t- 
ant is entertained unless his name is on the 
register. In this 'way the number of oandi- 
. dates for suoh positions is kept within praoticabl e 
limits. 

Hetid : Teachers, The salaries of head 
^ teacher^ in the London service are a.s 
foUq^i 


The principals of j)uj)i I- teachers’ centres, 
.secondary schools and fc'chnioal coll{‘ges, ari*? 
more liberally remiintM’ated, the average rates 
in London ranging from £500 to £750 a year. 
Such po.sts are fri'quenlly advertised,'' and 
attract candidates of considerable schola^ic 
aitainuK'uts and Avide exp(*rience. 

Instructors in Special Subjects. 

'Peachers of cookery, lauiulry work, and liouse- 
wifery must hold eitber tirst-elass tc^aebing 
diplomas in fhese subjects, from a recognised 
training school, or some higher qualification. 
They are paid £80 a year, rising by £5 yearly 
to £120. Drawing teachers of permanent 
rank are requiretl, as a rule, to possc^ss the art- 
master’s cert ideate, to be capabU^ of teaching 
clay modelling and elementary design, and to 
liave had experience in t<iaching. The scale of 
salary for men is £175, advancing to £200, and 
for women a minimum of £125, and a maximum 
of £150. The hours of duty are 27 .J weekly. 
Instructors in metal Avork and Avood work at 
day-schools are, in some instances, trained at 
the (’ouncil’s technical schools, entering as lads 
at 5s. a week, and advancing througli assistant 
grades to the rank of instructor, with aii initial 
salary of £100, and a maximum of £155 a year. 
These posts arc sonietimt‘s offered to outside 
applicants at tlie above salary. In technical 
centres tluj remuneration is by fee of 15s. per 
half-day of actual duty, live such ])eriods con- 
stituting an average Ave(*k. For the teaching 
of modern languages to day scholars a staff of 
visiting instructors is (‘hgaged. They must 
furnish j^roofs of their proHeieney as tethers, 
and arc paid 4s. for the first hour and 2s. for 
each consecutive hour at the same school. 

In ccntre.s for mentally and physically 
defective children, all certificated assistants 
receive £10 more than in ordinary schools, but 
arc restricted to the same maximum. Male 
Umchers of the blind, if umserti Heated, begin 
at £90, and rise to £140 a year ; for women the 
limits are £70 and £115. The instruction of 
deaf children is remunerated at slightly higher 
rates. 

Evening Schools. Most of the teaching 
posts in the Council’s evening schools arc held 
by members of the day staff, who receive 
extra pay, varying from 4s. -an evening up 
to. £l25 a year. A number of these posts, 
however, are open to other than officials, 
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and at'e advertised in ,thc daily Press. In &rt, training of teachers and tlie co*o]^dination of all 

science, and advanced commercial subjects the grades of instruction. The number of teachers 

usual rato of pay for an evening of three Furnished by the older rigime having proved 

hours is lOs. 6d. to instructors, and 7s. 6d generally insufficient under the new system, "^- 

to their assistants. > it has been necessary in many areas to establish 

Tlie conditions of employment for all special other training colleges for pupil -teachers, and 

teachers can be obtained . on application to the to promote an adequate supply of candidates 

Executive Officer, L.C.C. Education Offices, by means of exhibitions, bursaries, and scholar- 

V ict oria Embankment, W .C. Informal ion con - ships. When this want has been met, the partial 

cerning them is also given from time to time in withdrawal of such inducements may reasonably 

tlie offic ial journal of the Council, “Tlic London bo expected. The present is therefore a pecu- 

( Joimty Council Cilayiette,” published weekly at liarly favourable time for boys and girls to enter 

4, Great Smith Street, Westminster, S.W. To the calling of elementary school teachers, 

completo our survey of the Council’s educational Local conditions in dilTerent parts of the 

statT, two further classes of appointments should country are responsible for many variations from 

be noticed, whose diit ies are administrative and the educat ional typo displayed by the London ' 
executive rather than directly concerned with Scheme. In the agricultural districts, for in- 
teaching. stance, greater prominence is naturally given to 

Chief Inspector's Branch. Vacancies such training as shall fit the senior scholars for 

in this hrancli are advertised as they occur. successful cultivat ion of the land. Hence, the 

The salaric's are as follows: Assistant in- Coimeils of Lancashire, Hampshire, and other 

spectors, £250, rising hy annual increments of counties have established farm schools, in which 

£15 to £400 a year ; district ins])eclors, £400, pupils receive instruction in dairy farming 

rising hy £25 to £000 a year ; divisional inspectors, and poultry rearing on a basis at once scientific 

£600, by £25 to £S00 a year. There arc also and prac^iioal. In some instances the (consent 

inspect or shij)s of special sulqects — viz., art, of tlu‘ Board of Education has been obtained 

wood and motal work, douK^stic subjects, needh*- to the introduet ion of these subjects into ele- 

work, c*tc. — at salaries varying from £120 to mentaryday-s<-hools, childnm of 12 and upwards 

£500 a year. (Candidates for t lu'sc* appointments learning farm and gaiden Avork for two or three 

have to be specially (jualiticd in the suhj<‘ct afternoons each week. 

in which they are recpiircd to inspect. Technical Colleges. In tltfe great 

There are no restrictions as to age or sex of manufacturing and ind'^strial centres, on the 

candidates for any of these appointments ; but other hand, when^ workshops and factories 

as the officers appoiiittd are reipiircd to assist absorb a large proportion of the pupils leaving 

the Council’s district inspectors of (lay, ev('ning seluml, t(H*hnical training is correspondingly 

and t echnical s(‘hools, it need hardly be said that dcvchjpcd. 

(randidatcK should have some special qualifica- Evening elasscs and polytechnics afford in- 
tions for these duties. struct ion not only in applied science but also in 

The Visiting Staff. Some 4(X) visitors indu.‘<t rial subji^its —dyeing and bleaching, book- 

or attcndancei offiec'rs ar(3 emj>h>y(*d in inv(‘sti- binding, weaving, and similar work. 'J’he exports 

gating cases of absence from school, intcrvi(‘\v- who teach those studiim an? generally well paid, 

ing panmts, and otherwise eh(;cking truancy. The edueatioual staff of tin? famous Municipal 

Vacancies in llie “unattached” section of this School of Technology at Manchester, for ex- 
staff are usually advertised in the public F^rcss ample, includes a direottir of paiMT-making and 

or in the (Jouneirs own organ, above-mentioned. bleaching at. £500 a year, and professorships 

Unattached visitors reeiuvc £80 a year, Ap- in photography, tinctorial chemistry and textile 

plicants must be the ages of 25 and 35 fabrics, at salaries of £400 a year each. More 

(40 in the ease of non-commissioned officers strictly scientific jiosts on the same staff are 

in the Army and Navy, or members of the Police remunerated with stipends ranging as high as 

Force of not less rank than sergeant). From £700, and the princij^al of the school receives 

the applicants a numlx'r are chosen to submit £1,000 a year. Indeed, with the exception of 

to an elementary cduoational test, and from a few administrative heads, the best-paid officers 

those who are successful in this f lic candidates in the educational service are usually to be found 

for the appointments are selected. Successful among the professors of the technical colleges, 

candidates must produce proof of age, and submit A Last Word on the Service, 

to a medical examination. Vacancies in the (’Comparisons show that the Educational Corn- 

divisional staff of visitors (£80 a year, rising m it tec for the capital is distinctly more stringent 

to £130) are filled by iiromotions from the as to the qualifications of teachers than the 

unattached staff. majority of education authorities elsewhere. 

Notes on Provincial Authorities. This is amply compensated, however, by its 

As already indicated, London stands alone in more liberal rates of pay. in which respect it is 

the extent of its educational problem, and few rivalled only by a few of the leading corporations, 

other principalities have framed a scheme of With regard to the education service generally 

instruction which approaches that of the capital we may close as wo began, reminding ourselves 

in completeness. Most of the leading authorities, that to have a part in the training of the coming 

however, are giving due effect to the provisions race" of citizens is to share in a great and honour- 

of the Education Act of 1902 respecting the able national duty. 

Continued 
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Advantageous Position. Fi‘an('o (•204,0(’:(> 
square miles) fronts three seas — (1) tlu* hhiglish 
Channel on the north, (2) tlu' Atlantic on the 
west, (3) the Mediltaranean on the south. 
On all shores it has exe(‘llent harl^ours and 
busy ports, with easy access to all parts of 
the world. Its lowlands are broad and com- 
pact, forming a great semieircle around the 
Atlantic and th(‘ Channel. On flu* .Mediter- 
ranean coast the highlands a])])roach nt'arer 1o 
the sea, but, except in the extn^me <‘ast, there 
is a coastal plain of no great breadth, widening 
in the centre to the plain of Langu(‘doe. Kvery 
part of the most populous district, tluTcfore, 
has easy access to the s('a, and, as the canal 
system of France is exeelhuit, inerehandist^ can 
he easily and cheaply transported to all parts 
of the country [81 1. 

Climate and Products. Franci* is as 
favoured in climate as in situation. Tho sur- 
rounding seas make the u inters mild and tin* 
summerH cool, though in the south tlu* latter 
are hotter than an Fnglishrnan finds ])leasant. 
The Atlantic winds lu'ing rain, and as the coast 
is low the rainfall is more uniforndy distributed 
than in Britain, where tlu* mountainous west is 
too wet. Except in the. highlands, the soil is 
generally fertile, and admirably cultivated, 
for France is, in the main, an agiieultural 
country. 

Normandy, o])posite the Tsle of Wight, is 
a chalk region like Southern England, uhieli 
it resembles in climate* and products. Its 
apple orchards and eider are famous. Fartlu'r 
east mu(;h sugar beet is grown. Brittany, 
opposite Cornwall and Devon, resembles them 
in scenery, climate, and ])n)ducts. The centre, 
with its warm, sunny summers, ripens magni- 
hcent harvests of wheat, and brings the vine to 
perfection. • In the south, in addition to the 
vino, the olive is grown for oil, and the mull>erry 
to feed silkworms. Along the -Medit(‘rianean 
oranges and lemons rip:m in the open air. 

The Peasant and the Land. 'Hie 
French peasant commonly owiis the land 
ho works, and he gets a gc nd living from it. 
Economy of soil is Ids watchword. The hill- 
sides are terraced, especially in the vine districts 
[ 8 . 1 ], and not an inch of soil is wasted between 
the rows of vines. A fruit-tree is put in if there 
is room, and, if not, a fruit -bush. If that is too 
large, the peasant makes room for a clump of 
potatoes, asparagus, or artichokes, or at least for 
a patch of salad. Tn the plain the farms make a 
dazzling show' from April to November, with 
“ sky-lnue flax, dark green hemp, crimson 
clover, bright yellow colza, golden wheat, 
stately Indian com, and creamy buckwheat ” — 
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ail, perhaps, on a farm of two or three acres. 
Fruit-trees cover the houses, lino the roads, and 
form tlu* hedg('s. A<Id to tbese poultry, and it 
is not wonderful that the Preneh peasant saves 
money, for he has much to sell and little to 
buy. “ 

What France Lacks. France would have 
)>een a dilh^n'iit and, per}ia})K. a l(^ss generally 
prosperous country, bad coal b(‘en abundant 
instead of scfirec*. The largest eoalfield is in 
tlje nortlj-east, on the B(‘lgian frontier, whert* 
numerous towns manufacture textiles, of which 
Lilh^ and Roul>aix are the chief, obtaining 
cotton and wool through Diinkirk and the 
Cliannel f)orts. A num])er of smaller eonlfields 
are found round the Central Plati'au, and support 
iron and textile industries. The most important 
is that of 8t. Etienne, wdiieh manufactures iron 
and steel, and sends coal to the silk factories of 
l.yons. 'rhese are not the only manufacturing 
centres, hut. in the others (*oal has to be brought 
from a distance. French manufactures, there- 
fore, are mainly those* in which a high degreee 
of skill or taster eom])en sates for greater cost of 
production, and they cannot e()mp<*te in cheap, 
common articles. lhiempl()ym(*nt, therefore, 
does not Ijcoome so acute as with us, nor is 
there tlic same rush from the country to the 
towns. 

The Highlands of France. The higli- 
lands are in the east and (*(?nlrt‘. Tn the 
north -<^ast, partly in Belgium and (Germany, are 
the Ardennes, with the Meuse flowing through 
their western pari, rvith tlu^ Moselle flowing 
round the s»>!ith-(*astern base to the Rhim*, 
and farther south tlu* Vosges — both forested. 
Hound tlu* former, n(“ar the; northern coalfield, 
arc Valenciennes, t'nmbray, and other towns, 
manufacturing cotton and wool, the latter 
])r()duced in part on the hill pastures of. the 
region. To the, Vosges,^ when* cotton is also 
m inufa(!tured, the ra w materials an* brought by 
the Seine and the canals connected with it, and 
coal from the eoalfiekls of Lorraine. Water- 
power is also used mort* aiul more after being 
transformed into (electricity. Tliese northern 
highlands ane eonneet(*d westwards with the 
Plat(‘au of Lfingjvs, the low(Wsloj)(*s of which pro- 
duce the famous wines of Burgundy. The Seine 
basin to the north is a series of clay plains and 
limestone and chalk heights, on the Hlo})es of 
which grow the grapes from w'hicdi eham})agn(? 
is mad<*. To the south rises the Central Plateau, 
with bare tablelands of granite, where cattle 
are reared, and of limestone with sheep farms; 
here are also volcanic mountains, the soil from 
w'hich, wlien carried to the Loire and AUier 
plains wdiich intersect the plateau, makes them 
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very fertile* The south-eastern rim of the plateau,, 
known aa the Cevennes, forms the western wall 
of the Rhone valley, east of which, cut by the 
valleys of rivci’s descending to the Rhone, rise 
the Jura and French Alps, the latter witli forests 
and pastures below and snow peaks above. 
In the small Jura towns such industries as 
olockmaking are carried on, often by water- 
power. 

The Rhone*Sa6ne Valley and the 
Riviera. This valley separates the (Vntral 
Plateau of France from the Alps, and opc‘ns a 
mute from the north to the ]\IediteiTanean. 
Had it not existed, France would have been, in 
no real sense, a Mt^diterraneaii power. 

The Saone rises in the Plateau of Langres, 
and flows south-west and south tlirough the 
wine districts round Dijon, receiving tributaries 
from the Jura on the left bank. It joins the 
Swiss Rhone, from the Swiss Alps, at l*yous— a 
great industrial town, manufacturing local 



and imported silk with St. Etienne coal. 
The united river flows south in a valley 
w])ich widens as the mountains on either 
side 'recode, through a land of olive, M im*, and 
silk, to the plain of Languedoc, wliere it forms 
a great delta with marshes and higoOns. Mar- 
seilles, the chief port of the Mediterranean, is 
some distance east of the delta, and beyond is 
Toulon, the Freneh naval station. Here begins 
the picturesque coast of tlie Riviera, witli whit(^ 
towns —H 3 aT 0 s, Cannes, Nice, and many others 
'" half hidden in palms and orange groves, while 
behind rise the suow^^ summits of tlie Alj>s. 

West of the Rhone delta is Niriies, with a 
htrge Roman amphitheatre, the old university 
tovn of Montpellier, and the wine port of Cette. 
Other southern towns are Narbonne, command- 
ing an important route to the west by Toulouse 
between the Central Plateau and the PjTcnees, 
and Perpignan. 

The ryreneos. The Pyrenees rise like 
i wall bjftween the Mediterranean and the Bay 


of Biscay, , forming the frontier between France 
and Spain. The highest . peaka .. am about 
11,000 ft. high, and them are few easy pas8e^. 
'Fhe lower slopes are forested with, oak and 
beech, the higher summits rocky or snow-olad. 
Of many health resorts, Pau and Biarritz^ may 
lie mentioned. ; ! ' 

The Atlantic Lowland. From the 
base of the Pyrenees, the fJentral Plateau, the 
V''osgcs, and th(; Ardennes, stretches a great 
semicircular lowland, extending to the western 
and northern seas, and broken by heights along 
the' English Channel. Tt is continued east 
beyond the French frontier by the lowlands of 
Holland, Relgiiim, and Germany. This is a 
fertile agricultural region, with many prosperous 
towns, often with fine^ rathedrals and public 
buildings, showing that the region has long been 
peaceful and prosperous. 

From the liighlands, three great rivers, the 
Seine, the Loire, and tlie Garonne-Dordogne, 
flow north or west, eaeli with a special character 
of its own. 

The Seine Basin — a Familiar Land« 
scape. Northern France, w ith its ortrhards and 
W'heat fi(‘kls, reminds an Englisliman of his own 
country, for the rolling chalk landscape of 
Southein England is also found on the French 
side of the narrow (•hannel. His eye misses the 
hedgerow's between fii^ld and field, and notes 
tliat the poplar gradually replaces the dm. 
Unfamiliar touches are tlie blue blouses of the 
|X'asants, and w'omen doing hard field work 
instead of men. 

If the Englishman sails from Dover he lands 
at (.’alais, on the margin of the Industrial district 
round Talle and Konhaix, both woollen towns. 
From Folkestone he arrives at Boulogne, a 
busy port, and makes liis w'a\% near the battle- 
fields of (Vegy and Agineourt, to the Somme*- 
on which is Amiens, with a magnificent cathe- 
dral. From Southampton lie reaches Havre, 
exactly opposite, at the mouth of the Seine, 
and, if he will, may sail up tliat river to Paris, 
the capital of France. The first great town he 
r(*aehes, with its iron cathedral spire, many 
eliiirehes, and forest of factoiy chininoys, is 
Rouen, the Manchester of France, W’hose docks 
admit ocean-going steamers, laden chiefly with 
cotton. Ellxeuf, not far off, manufactures 
woollens. Paris, 70 miles din^et from Rouen, 
hut much farther by water, is one of the gayest, 
brightest <*ities in liurope. It is built on islands 
in the S(‘ine, and on both banks. The finest of its 
ancient buildings is the cathedral of Notre 
Dame. Us modern quarters have broad streets 
with avenues of. trees, great squares with 
fountains and triumphal arches and Columns, 
dazzling .shops, and parks groat and smaH. 
Many industries are carried on, and' the city is 
the great place of exchange, both for merchan- 
di.se and ideas. Not far below Paris the Seine 
receives the Oise, from the Ardennes, and above 
it its tributaries spread out like a fan, offering 
a choice of routes into the heart of the country, . 

Tributaries of the Sefiie. Marne,, 
entering the Seine just above Tiaris,' ' hks 
ftowed down from the Pfttetfu of Labgtes, 
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through a Avino couiitrj% a few miles south of 
Hheims, in whose ancient cathedral Fmnch 
.kings were formerly crowned. Rheinis has 
now important woollen manufactures. A 
splendidly engineered canal, nearly 200 miles 
long, goes l)y Bar-le-Duc, and near the iiniver-. 
sity town (>£ Nancy, to the Meuse and Moselle, 
and tliencv across a depression in the Vosges 
to the Rhine near Strassburg. Or wo may 
follow the Seine through the forest of 
Fontainebleau, and past Troyes, to its source 
in the Plateau of I^ingres. Finally, tlic Yonne 
takes us towards the t^oire, which is sc^jjarat^ed 
from it by broken luMghts. Tl»e Buigundy 
t^anal, 1,200 feet above the sea at its highest 
point, goes from the Vonno by Dijtjii to the 
iSaone, thus eonncM'ting the English (linnnel 
with the Mediterranean. 

Normandy and Brittany. East and 
WTst of the lower Seine is Normandy, its 
swelling hills covered witli cornticlds, and its 
valleys rich with orchards and meadows. In- 
nuinevahlo lierds of cattle supply milk for 
the famous Normandy ehoi'ses. .\laiiy towns, 
cathedrals and abbeys tell a tale of long prosperity. 
( herhourg, opposite the lsl<» of Wiglit, on tht‘ 
(V)tontin peninsula, is a naval station. Dieppe, 
east, and St. Malo. AV(‘st of tlic Seine, are im- 
portant packet and lishing ports. A few miles 
north of the latter are the Phaiiml Islands. 
Brittany, opposite Cornwall ami Devon, is a high- 
land region, growing early v('getabl( s in tlie 
north. Fishing is important all along tlie 
Channel coast, and both Normans and Bretons 
are horn sailors. On the Atlantic coast ar<^ 
the naval ports of Brest and Eoihait. 

The Loire Basin — a Garden Land. 
The Loire, 550 miles long, the longest river in 
Franco, rises 4,500* feet above the sea, in the 
heart of the (Vvenm's. Tt is a rapid river, 
liable to destructive floods in its lower course, 
where its bankvS have to be protected by dykes 
and embankments. The main stream flows 
generally north as far as Orleans. On a tribu- 
tary in its uppt*r course is St. Etienne, with 
collieries, ironAvoiks of all descriptions, and 
ribbon and other manufactures. Below Nevers 
it unites with the Allier, greater than itself in 
volume, which Hows from the volcanic district 
of Auvergne, not far from Olermont, the, largest 
town of the (Vntral Plateau, in a fertile wlieat 
and vine growing vale with a rich vc'leanie soil. 
All i*onnd this \ oloanie re^gion, whose scores of 
extinct craters, seen from tlu* summit of the 
Puy de Dome, produce an indescribable im- 
pression on the mind, are mineral springs of 
high repute, as at Vichy, on the AUier. At- 
Orleans, the centre of one of tlie most fort lie 
districts of Europe, the Loirt' turns west, to 
floAV by Blois, Tours. Angers, and many a famous 
eh&teaii, through tlie rieb clistricds of Beni, 
Touraine and Anjou, which form the garden of 
Fraiiee. On tlie left bank it receives tribu- 


taries from the Central Plateau and on the 
right bank tributaries from the Norman heights. 
Nantes, at the head of the estuary, is the Liver- 
pool of Western France, and the rival of St 
Nazaire at its mouth. 

The Garonne > Dordogne Basin. 

The Garonne is formed by the union of streams 
from the Pyrenees, which unite above Toulouse, 
a touTi important from Roman times because 
it commands the route to the Mediterranean 
l^etwoon the (Vvennes and Pyrenees. This 
depression is followed by the Canal du Midi, 
from Toulouse to (yotte, uniting the Garonne 
with the Mediterranean. On the right bank 
the Garonne receives many tributaries from the 
( Yntral Plateau, and these flow through some 
of the strangest scenery in Europe. < 

A Strange Country. The surface of the 
limestone ('ausses. as these, districts are called, 
is a bleak, barnui stone plateau, burnt up in 
summer, and buried in snow in winter. The 
only sign of life is an o<‘(‘asional shepherd with 
his flock. The rivers cut d(*(‘p narrow gorges 
many hundreds of feet below the surface, en- 
closed between rock walls carved into strange 
shape's by wind and weatlicr, and flaming with 
all the colours of sunsf't. Precijiitous paths 
lead down to the bottom of the gorges, which 
arc* often ina(“e('ssible exiu'pt by boat, but in 
jilac^es wid(‘n out suftieiditiy to hold many a 
village, with orchards and gardens, hidden, as it 
were, in the bowels of the eartli. The few towns 
are often finely situated on precipitous ridges. 

The Dordogne. The largest tributary 
of th(' Garonne is the Dordogne, which rises in 
th<^ old volcano of Mtmt Dove, in Auvergne. 
It enters the (blonde estuary a few miles below 
Bordeaux, the, chief port of south-west Franco 
and the outlet for the clarets of the surrounding 
wine <listriets. Pan iliac, at the mouth, is the 
outport of Bordeaux. 

A Reclaimed Desert. The Landes. 

Immediately south of the Gironde is the win^ 
district of Medoe, and beyond are the deso- 
late Lindes, a region of sand dunes, in 
places 250 feet higli, and exUmding inland for 
120 miles. Their advance eastwards has been 
cheeked during the last century by planting 
millions of pines, which yield valuable turp<*n tine. 
The vine has also been successfully introduced. 
'Phe inhabitants live in small scattered villages 
and cross the dunes on tall stills. 

Corsica. The mountainous island of Corsica 
(3,400 square miles), in the Meditorranean, 
is over 100 miles from France, of which it 
forms a department. Its mountains rise to 
nearly 0,000 feet. The lower hill slopes facing 
the sea aie planted with olives, vines, oranges 
and lemons. Alxive there arc dense forests of 
evergreen trees })eculiar to the Mediterranean. 
Minerals arc abundant, but little worked. The 
capital i.s Ajaccio. 
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*T*HIS article deals witU the applications of 
^ hydraulics, the leading principles of which 
have been already stated. The ])ractical impor- 
tance of the subject is now gn'ater than ever, 
and increasi's at a ra}>id rat('. 

It is not always possible to draw hard-and- 
fast lines of division between different kinds of 
water motors, irydrcjstatics and hydraulics 
overlap in regard to thi‘ir applications. If \\<‘ 
attempt to distinguish b(‘tw(‘en weight and 
])ressure, we have already seen that tlie results 
of natural head are produced by ]>r(‘ssun‘ in 
the aecnmulator through the* medium of ptimps. 
Kinetic energy, or that du<^ to vadocity movi‘- 
ment of a licpiid, is obtainable froFU cither head 
or pressure. Hivul is duo to gravity, and the 
liquid is only the agent through which gravity 
acts. When wc conn* to the methods of utilising 
watiu'-powcr the ditfer(‘nc(‘s in these acipiirc 
a ])raclical inten'st. 

Hydrostatic and Hydraulic Machines. 

The distinction between the hydrostatic 
and hydniulic machines may ho pFit tersely 
thus: in tin* foimcr the licpiid has no enei'gy 
of motion, Imt only that of (wessure ; in the second 
pressurt; is einj)loyed to p?*oducc motion, and 
the energy of the motion is that which is uti listed 
for doing W(trk. In strictness, therefore, tlu* 
various so-called hydraulic engines belong to the 
same elass as the press cylinder and rams, 
and not to the turbines and allied mn“hincs. 
'riioy ai’c so designed that with little essential 
mofiitiealion they can be. used for li(juids and 
gases alike, a point we shall note in rotary 
l)iow'(*rs and centrifugal fFUinps. One of ilie 
best-known engines, IIfc “ brotherhood ' three- 
cylinder type, can be, and is, actuated hy steam 
pressure, or water, or compressed air, as in 
torpedoes. 

The capstans which one se(*s on (piay and 
do(;k walls are often operated hydraulically 
by means of engines with oscillating cylinders, 
the j)istonH of wliieh all drive on totheei’ank, 
winch, being continuous with the shaft tliat 
operates the mechanism to which the engine is 
connected, drives it. In the capstan this shaft 
is the one to which ilie capstpti iu'ad is attached. 
In some eases the. “ Brotherhood’ thrce-cylimler 
type of engine is used, in others, four cylinder.;. 
Tlie pressure water enters and leaves through 
passages in the cylinder trunnions, 'riie.se 
passages are opiincd and close d by the oscilla- 
tion of the cylinders. 

The Hydraulic Ram. This machine, 
which utilises the kinotie energy of moving 
water to raise a portion of that water to ix very 
much higher level than the source of su])ply. 
is not a paradox. It docs not contradict the 
law that water can only find its own level. 


Tiie problem is not hydi’ostatic, but dynamic, 
(iiven a constant water sujFply, thoroforo, 
it would come near fiillilling tlu* ideal of 
perpetual motion. 

In 1 his machine ) 1761 water flows from a source 
of su])ply, as a ])ond or tank. A, under a head, 
coming llu’ongh a sloping pipe. Jb the drivfi pipe, 
into the ram. I‘his consists of a casing. C, having 
two valves, and an air vessi*l. The valves are 
tlie cheek valv(*, ()r deliveiy valve J), opening 
into the air vi‘ssel K, and the dash valve, or 
door F, opening downwards into tlu* easing, and 
dropping by its own AV(‘iglit . ll comt'S between 
the source of supply and ebeek valve ami air 
ve.s.sel to which the di'liv('ry pipe is eonneeled at 
(i, and which is eonneeted to the eistein or other 
Ae.s.scl which lias to he supplied with wat<u*. 
'Pile action is as follows. 

How the Ram Works. When the valve 
(not indicati'd) which closes the month of the 
drive pijie at the feed tank (‘ud .\ is ojiened, 
the water Hows down the ])i])e B into the ram 
(’, and l){*gins to escape hy the dash valve 
F. But a’niost immediately the impact of 
till' \val(*r on the under side of this valve 
lifts, and closi^s it, prcv(*nting any further 
eseajie for the moment in that way. The 
momentum of thc^ water, thus arrested for a 
lim'\ raises the ])r(\ssure in tlic body of the ram, 
lifting the cheek valve. I) communicating with 
the air vessiH E, and some of it pas.seK into this 
vc’ssel. Tlion then* foll(m^■i a rc'coil of the 
water into the drive jiipe, whi(‘h allows the dash 
valve F to drop, allovying som.^ water to How 
past it, and tin* eyeh* of operations begins again, 
and is re[H‘ated from 4t) to liOO times a minute. 
.\l each movt m nt a lift k* iiinv water is driven 
into the air ehamher E, (‘ompressing the air 
therein, ami being in turn ejected through the 
only outlet possilih*, that into the delivery jhpo 
(J leading to the storagi*. 

Advantages of the Hydraulic Ram. 
Tiionsamli of the.se valuable little piec(*s of 
mx'hanism liavi* been littefl in country houses, 
farm<, and institutions \vlM*ro th(‘re is no pulilic 
service water availahk*. 'Pin y are niad(^ in more 
than a hundred modified designs, only one of 
whieli is slmwn, to suit all kinds of conditions, 
until nearly all things are jiossible to tlu^ possessor 
i>f a suitahk* ram. It will work 24 hours a day 
with praetieally no attention. It ean he made 
to work M-ith large or small (piantitics of water, 
from 1 to 2,001) gallons a minnti*, and to suit 
falls of from 18 in. to 100 ft. Hydraulic 
rams arc designed to raise from ‘100 to 500,000 
gallons a day. Some of them will force water 
to 1,000 ft. ill height. By comiiarison with other 
in ‘thods of water raising they show to much 
advantage. Windmills, water-wheels, pumps, 
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engines, electric motors, all suffer from various 
disadvantages due to their greater cost and 
complication, besides which they all require 
more regular attention than rams do. 

The Syphon. The syphon is not a more 
toy, or a device utilised on a small scale by a 
gardener or plumber for emptying a tank or 
cistern. It is employed on an immense scale in 
bringing water supplies to cities. Only, in these 
cases the syj)hons are huge pip(‘s invert(‘d, and 


having nuiucrt)\is valve- 



at ccriain j)oitits of 
1 unction for the pre- 
vention of the flow, 
or return of the water 
in eases of accident 
to tlie ])ij)es. The 
Homans built mag- 
nitieint aqueducts 
for the supply of vvati'r 
to their cities, and in 
this respect put to 
sham<‘ the insanitary 
nations of tlie long 
Middle Ages. Hut 

they did not .seem to 
liave understood the 
syplum, for they 

aiv\ays earrii'd their 
aipu duets horizontally 
on imiiiense arches of 
masonry over the 
dei'p valleys. The 

modern engiiw'er sim- 
ply lays ilovvn pipes 


water pumps, and to which the term chamber 
gear mecfianiems lias been given. Roots’ , 
blower [177] is the most familiar form, butevery- 
one does not know that this has also been em- 
ployed as a rotary pump. Two two-lobed 
wheels revolve in contact with each other 
and within their easing. The lobed wheels, 
or pistons being rotated in unison by an external 
source of power, propel liquids as well as gases. 
There are several types of these rotary pumps, 
of especial value for viscous liquids, and they 
are interesting studies in applied mechanics. 
Fig. 178 is a rotary pump which is simply 
a pair of toothed wheels of the gear type 
rotating and interlocking. Substantially, the 
difference between 177 and 178 is that the 
vvhe(*ls or impellers in the tirst have two teeth 
<‘aeh, those in the second have six. The con- 
tact is constant Ix'twi'en the wheels and their 
casings, .so that Huid cannot pass through in 
a du'c<*t course, but must occupy the spaces 
swept through by the rotating wings or teeth. 
Fig. 178 is familiar in machine shops in the 
foim of an oil or smls pump for lubricating tools, 
b’ig. 179 is a foim us{‘d as a blower, ft will 
1)0 recogmsc'd as identieal in principle vvMth 
Baker's well-known blower, the latter having 
two small (lise.s instead of one ; and this has been 
used as a pump. Fig. 180 is a modified Roots' 
blower, also used as a pump for other liquids 
besides water. Fig. 181 is another 
ty[)e ill which tlu* revolving bodies are 
unlike, two tooth on one 
lining sjmees in the' otlier, 
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of ea.sl iron or steel following the contour of the 
valleys, knowing that water will aseend in th<‘ en- 
deavour to find the level of its head. The system 
is used in the iVmcriean and Russian oil fields, 
as well as in numerous aqueducts, as the (h'oton, 
whore a syphon passes under the Harlem River 
in the United States, and the Mauehestcr- 
Thirlmerc, the Binningliam-Welsh, the Livor- 
pooJ-Vyrnwy, and otln*i‘ Hriti.sh water supplies. 

Chamber Gears. We must not pass 
without notice a group of mechanisms, which are 
more familiar in the form of blowers than of 

im/ 


izzzz 

and during the intervals the circular bodies 
are in cont act . 1 1 is termed the drum pum p. 

The movi'm^mts of the two pistons create a 
vacuum, into which the water flows, and 
beeouK's forci'd out by thi* front face of the 
smaller p'ston. 

The Centrifugal Pump. This pump 
[182] will be recognised also in the form of 
' the fan, so that lien‘, too, a mechanism is 
n.sed cither for liquids or gases. The blades 
or vanes are rotated within a casing, from any 
eonvenienl source of power, coupled to 'the 
shaft A, and pump water and otner liquids, 
clean or dirty, as there are no valves tobecom? 
choked up. The sani:i m echanism is used for 
dredging wet sand, gravel, and mud, just as the 
centrifugal fan is employed in extracting sawdust 
and shavings from woodworking machinery. 

Fig. 182 represents a .52 in. pump by Tangyes, 
Ltd., the measurement being that of the dis. 
charge opening B. It is a double suction pump— 
that is, the liquid enters by two tubes, CC, diverg- 
ing from a single pipe and opening into the pump 
at the sides, where the liquid develops kinetic 
energy by the revolution of the vanes D, and being 
discharged at the coned opening and passing 
round the volute-shaped casing IB, escapes at B, 
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Centrifugal Pump Blades. The blades 
or vanes arc generally curved, because that is 
the form ^vhloh is the most efficient in the 
propulsion of the liquid from the centre to 
the circumference of the easing. We shall 
meet with similar curves directly in turbine 
practice. High speed is essential in any case 
to the efficiency ot these pumps. 

The curves or the vanes are refiMablc to 
radial lines, thus: if a iigid rod fl83] vc\olvcs 
about a centre and carries a loose ling upon 
it, whicli we may suppose to bo a })articli‘ of 
water, the ling wilfninve to the end ot the lod 
under the action of ceitnfugal force. But in 
doing so, the path which it describes will not 
he a radial one, but a tomponent of ladial and 
circular motion In passing from a to b, the 
path taken by the gloluile will be that indicated 
iiy the dotted line r If the rod be inclined 
away from the direction ot rotation, as at d, 
t hat will favour the 
outward movement 

of the globule, and / ' 

the steeper tin* 
angle of inclination 
the more rapidly 
will tlie hall be 
forced out to the 
ei rcum feronce. 

'riiough pumps aie 
made with straight 
inclined blades it 





IS better to ouive tlKui, and the shape ot the 
curve may bo apjuox'inated by moving a pencil 
in a radial direction across tin* face of a revolv- 
ing disc. It will he found tliat curves ^vlll be 
desen bed rosimbhng in foira the vanes used in 
pumi>s, and tJie moie lapidthe rate ot lotation 
the larger w'lll he the amount of curvature or spiial 
develo}K»d. These, thcietore, indicate tlie ap- 
proximate foims of the \anes of pumps of this 
class, examples of which are given m 183 to 186 

Curvature of Blades. It must not be 
imagined, however, that the determination of 
the most suitable curvature, or the question 
of straight inclined blades veisus curves, is so 
simple as the foregoing ehni'iitaiy txample 
would seem to imply, Tlie whole subject 
bristles with difficulties, and the form of the 
volute, and of a whirlpool chamber in some cases 
has much intluonee on results. Only by much 
experimenting and experience have the pump 
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manufacturers been able to produce the most 
efficient pumps for different speeds and heights 
of lift. 

The real behaviour of a pump that is modifiod 
in design only slightly from previous examples 
has to be ascertained by experiment. Curious 
anomalies have com * out sometimes. But the 
md result is tJiat a given pump has some par- 
ticular speed and height of lift which is its 
maximum possible. And it is found that there 
are limits below, as well as above, at which a 
pump will not work efficiently, though the 
latter ease only is often aecopU'd. 

Mechanical Efficiency. The centri- 
fugal pump IS substantially the inward flow 
turbine reversed. That seems a very simple 
tact Yet th(» mechanical efficiimcy of the 
pump IS much loss tlian that of the turbine. 
While the latter converts about 80 per 
cent of the potential energy of the W'atcr 
into useful work, the centrifugal 
pump raiely gives out mort* than 
.'Sf) oi (>0 per cent, of the work 
put into the shaft, and fre- 
fpiently not so much fts that. 

'I he evplanation offered is that in 
the till bine, potential energy is 
con verted into kinetic ; but in the pump the 
kinetic ciKigy of tlie water leaving the vanes 
iH tianslated into the potential form — that 
IS, in th(‘ toim ot pressure or shock. To 
reduce this is the o))j(*et of curving tlie vanes ; 

also of discharging the 
water into guide pas- 
sages of gradually in- 
'Tcasing area, as the 
volute [182], until the 
h velocity IS sufficiently 
Kdiicfd. And, Anally, 
to allow the water 
k.iving tJie wheel to 
lorm a free spiral 
voitex m the 
])ump easing. 

Aim in Con* 
struction. In 
the construction 
of these pumps, 
as of turbine bucket s. (he obj(‘ct is to propor- 
tion the curves so that the water shall pass 
through with the least friction, and leave the 
buckets with as little velocity of movement as 
possible, because velocity means so much energy 
wasted A secondary advantage of curved vanes 
IS (hat as they permit of more slip between their 
faces and the watcu*, they are more favourable 
to efficiency under a larger range in speed than 
ladial vanes are. Experiments by the Hon. 
R. C. Parsons s^^ed that invariably the 
efficiency of wh^w with curved vanes was 
greater than that oTthdl^^ with radial vanes when 
the whei'ls discharged into a vortex chamber. 
It has also been proved that efficiency increases 
lapidl} with the quantity of the discharge. 
Centrifugal pumps are coned in order to decrease 
the divergence of the streams passing through 
pump, and so to reduce the residual 
energy. ^ 
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Water-wheels. These come on the 
border line of moohanisms that act ))y gravity, 
and by kinetic energy. Tlicy act mostly by 
gravity — the turbines do so by energy of velocity. 
But in some forms of the waU-r-wbeel, gravity 
force develops into that of momentum, and in 
some forms of Jow*])ressure turbiric, gravity is 
the princi])a] form of force. shall, therefore, 
eonsidc'r in brief the eharaeteristies of the 
principal types. But tirst it -vvill be desirable 
to sliow by what methods the potential <‘nergy 
of tioAving Avaters is eotuxMKl and utilised. 

When a stream is (lowing, its rate of move- 
ment is sloAV or swift, according as its fall is 
slight or considerable. If it falls one foot in 
the course’ of a mile its moA’eiiK’nf is slow; at (he 
other extreme Ave have the ra])ifls, the cascades, 
or tile cataracts. In each east’ there is potential 
energy ])reseii(. hut it is liardly, if at all, apparent 
in the tirst while obvious in the second. One 
can hardly nsilise lah'iit (‘m'rgv in th(' 'Phames, 
hat it is striking and grand in Niagara. 

Value of Dams. But if we should 
dam the 'Phames, the ])otential energy of 
the stream Avonld hcc’ome apparent. When 
old London Bihlgo was in <‘\ist(‘nee, flu- 
narrow arches dainmt'd the Avater hack so 
mu(‘h that several feet of head was ntilisi’d for 
driving AvatiT avIioi’Is. 'J'1u‘ elVei't of damming 
is simply to raise the levi’l of tlu' Avater at that 
locality, and so eorieentrate at one plaei’ the 


broken up and dissipated on a series of rocky 
steps. But if it bo enclosed iij a chute or a 
pipe 80 that the frictional losses due to tlie 
broken waters are minimised, it becomes 
capable of exercising powers that are often 
m:‘asnrablc in that of many hundreds of horses. 

The problem now becomes how best to utilise 
the low, and high heads as they are termed. An 
enormous amount of Avater motor engineering 
centres around these, hut nearly all are capable 
of e lass i tic at ion under Avaler-wliecls and tur- 
bines. 

Wat f'v-Avh eels are classed as overshot AAdien the 
AA’ater comes over, and nearly at the top of 
the Avheel ; breast, Avhen it comes betAA’cen tlu' 
top ami centre, snh-dividecl also into high, and 
low breast Avlieids ; undershot when the water 
comes at the bottom of the Avheel. 

Overshot Wheels. In these Avheels 
th(‘ Avator is brought along a shoot —the head 
rare above the wlieel — and is discharged into the 
curved huekeds irnmediatedy ))eneath. It is, 
therefore, essontiall}" a gravity Avheel, though, 
as tlie AA'ater must ]>osscss sour* velocity at tlu* 
moment of discharge, that must he credited 
Avith a small portion of tlu’ rose Its. The huekets 
are curved to rt-tain as much of the Avat('r as 
possible before i( is discliarged into tlie tail 
rare. 

Breast Wheels. Jn these, Avater is intro- 
duced somewhere hetAvc’cn the top and the 



energy due to gravity 
Avhieh liad been pre- 
Auously dissipat ed over 
a Jong upper n’aoh of 
the stream. If, for 
instnuec, a river lia-s 
u fall of 10 ft. in a 
mile and a haiTitu- is 
stn’tched across its 
course 10 ft. high, the 
water Avill drop 10 ft. 


198. FUANCIS TURniNE 


sheer, and Avill give out the energy due to 10 ft. 
of head. This Avas the device of the old mill- 
wrights, Avho ilrrive Avati^r -wheels by the poAver 
of gravity acting through the head of Avater. 

Actually, 10 ft. i.s a rather low head, and 
requires a large volume of water to make it 
Vi3xy efficient. At the other extreme, therefore, 
there is the cascade, many scores or hundreds 
of feet in height, but having its potential force 
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middle of the Avheel, 
and, therefore, it 
acts chiefly by 
gi’a vity. A n advan- 
tage of this type 
is that the move- 
ment of escaping 
Avat er is assisted by 
the rotation of the 
Av heel. The buckets 
are either curved. 


or faec'tted, to approximate to euiA^ed forms. 
Though the high breast Avheel receives the Avater 
nearly at the top, it differs from the OA’^ershot 
in the direction in Avlueh the water is brought to 
it, being ajaimt the buckets instead of over them. 

The Undershot Wheel. In this wheel 
Ave luive wliat is really a connecting link betAveen 
the Avater wheel and turbine, since the water 
docs not act by simple gravity, but by its 




momentum, or kinetic energy, due to the head. 
There are two groups of undershot wheels — 
that with straight vanes and that with ourved 
buckets, an important distinction which will 
form a text for the discussion of the forms of 
buckets in general. 

When water impinges against flat, vanes, 
eddies are produced which waste some of the 
power. By substituting curved vanes, with 
the concavity facing the water, ihe water runs 
up their faces, until arrested by the action of 
gravity, when it falls again. But it exercises 
pressure, and does work during both movements. 
This simple device of curving the huekets is 
applicable to all kinds of water wliccls and 
turbines, and has been the subject, of many 
foimultT. The origmal idea appears to have 
been due to Fairbairn, wlio substituted curved 
iron buckets for straight woodem onc.s, Anotluu’ 
improvement due to him, applicable only to the 
overshot and breast water wheels, was the 
ventilating bucket — that is, a narrow space was 
left between the bucket and the rim of the wheel, 
from which the bucket 

starts. Any air impris- 
oned with the ^ water 
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by the head, but the diameter can be propor- 
tioned to speed required, and the number of 
nozzles can be iiuireased to supply more water, 
or to obtain a higher speed than is obtainable 
by one nozzle. 

Troubles of Turbines. Apart from 
these advantages, there is one fact that has 
more weight in some localities than in 
others. One of the troubles with turbines is 
the presence of leaves, sand, mud, etc., in the 
water, which chokes and scours the buckets ; 
hence tlu^ need for the fitting of a grating or 
forehai/, to intercept some of this injurious 
material. But the Felton wheel, having open 
buckets only, discharges anything that comes in 
contact with them. 

Fig. 187 illustrates a Felton wheel installation 
for high falls by Mt'ssrs, Singriin Freres, of 
Fpinal. T. diows a dtivita*. which is often fitted 
to Uu^sc wheels — namely, two nozzles in place of 
one, HO increasing sjx^cd. Hic governing mcohan- 
ism and the sluice valve, the wheel covering, the 
tail race, and other details an^ apparent. 

Turbines. The old pictuiesque watcr- 
\vheels beloved of artists have been largely 
displaced by the smallm’ turbines, which are 
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in its descent escapes through this space into 
the bucket above, instead of occupying space 
that should only be tilled with water, and so 
dashing the water out. 

The Pel ton Wheel. A water-wheel 
which is another connecting link between the 
gravity wheels and the turbines is the Felton 
wheel. It is the best example of the impact 
wheel, pure, and simple. A numlwr of curved 
buckets are arranged around a disc;, and a jet of 
water is driven througli a nozzle against thi*m 
under pressure. It utilises very low and very 
high falls, and also the force of the water puiiifwd 
lo a high pressure, as in the hydraulic power 
mains of cities. It is pre-eminently the water 
wheel for high falls, being adaptable for working 
at any heads from about 20 to 2,000 ft.; some 
installations exceed cv^en this amount. 

A great advantage of this wheel is its extreme 
simplicity of constn.otion. A jet or jets of 
water are directed against the iiucket, and 
slight variations in the dimensions of the tip of 
the nozzle, varying the volume directed against 
the buckets, render the wheels capable of working 
efficiently under varying water supplies. With 
low heads, large wheels with buckets of large 
capacity are required. The speed is determined 


submerged and in- 
visible. The overshot 
wheel of large diameter, 
n.nd the undershot 
wheel of Poncelet 
typ<.* arc tJio best, their 
efliciency nearly efjualling that of turbines. But 
the breast wheels do not give more than half 
the e.fficieney of a poor turbine. 

The w'at^T-whccl has its axis of rotation hori- 
zontal, and is a low-prc^ssure motor. The turbine 
often has its axis of rotation vertical, an(l is a 
high-pr(*ssuit; motor. But there are some tur- 
bine.s with horizontal axes, and there arc also 
low-pressure turbines. Generally, watcr-wflieels 
are gravity whet'ls. Turbines are cither reaction 
wheels, or un pulse wheels. Besides this, they are 
classitied according to the direidion of entry of 
the w'atiu’, as inward fh)u\ oithmrd flow, axial, and 
mixed flow. In all alike, water-wlieoJs and 
turbines, the lotating wheel receives the water in 
buckets, blades, or vanes, by virtue of which the 
rotation is produced. The forms of these vary 
greatly, ajid slight diflerences in their curvature 
will often produce very important differences in 
cfficieii(;y. 

Impulse and Reaction. Tt is now 

necessary to explain the difference iKitwecn 
impulse and reaction tuihines. The Felton 
wheel [187] is an impulse wheel, and so, also, is 
an undershot w'atcr-wheel. Both those work in 
air. Yet there are impulse wheels which work 
entirely submerged in watei% just as do the 
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reaction, or drowned turbines. The difference, 
however, is that the submerged impulse wheels 
have what is termed ventilating buckets, or 
buckets having openings to permit free access 
^ of air thereto. The practical advantages of the 
latter are apparent when v arying and small quan- 
tities of water only are available. 'J'hese, with 
others, to explain which would lead us too far 
afieid into the technicalities of this branch of 
engineering, render impulse turbines of greater 
value in some eases than the reaction tyjM's. The 
prototype of the reaction turl)ine may be noted 
in Barker's mill. Here Iavo jets of waU‘r 
issuing under pressure from bent tubes on oppo- 
site sides of a snspcrulod tube cause rotary move- 
ment in a direction opposite to that in wbi<‘b the 
tubes are ))ent . 

Water Flow in Turbines. Any turbine 
is <listinguished from a water \\ a 'vI by 
having two rings of buckets or vanes, one 
ring containing guide vanes only, tlH‘ other 
the buekets or the turbine proper. 1'he function 
of the first is simply to bririg the water at the 
most suitable angle into the latter, in order to 
produce tlie biglicsl- ellicicncy. 'Ihc water may 
enter within the ring, and pass outwards, 
denoted by the term outward flow. Or it may 
enter from without, and ])ass away inwards, 
termed, th(*n, imvard flow. Or the water may 
pass Ihroiigb in a direction geiKaally parallel 
with the axis of rotation— tfie pamllfl, or fu'ml 
flou\ group. Or the radial and parallel may he 
combined, as in the mixed flow tui’biiies. Finally, 
the term drowned is applied to reaction t\irbinos, 
and ventilating to the impuls(‘ kind. Each of tlu'se 
— the reaction and the v(mlilating— include the 
subdivisions previously slated, a-s denoting the 
iiiaiinor of flow, and each is, further, of low and 
high-pressure classes. 

The Fourneyron Turbine. I^^ig. 188 
illustrates this, the ol(h\st tyfic of reaction 
turbine, ft is of the outward tlow elas.s. 'f’lic 
vanes and huck(‘ts are shown to tlie left and a 
v^ertical section to the right. A is the fixed 
guide ring, through which the water flows to 
the turbine wheel B, so driving the latter 
round, and being its<'lf dt*(lectcd by the 
c;ur\es of the buckets hcfoia^ discharge on 
the outside of B. The sectional d(Tail to the 
right shows three setvS of vanes, and buckets, 
separated by plates, tlu^ ohjc'ct of which is 
the regulation of th<^ quantity of water passing 
througli. This is (‘fh*ctcd by sliding the governor 
ring (J to one, two, or all three sets of c>peniiigs. 
As shown, the opcniT\gs are all covered. 

The Girard Turbine. This is an im- 
pulse turbine. It is generally of the axial 
type. Its leading featiir<\s arc as follow. Eig. 
189 illustrates vertical sei-tions through the 
guide vanes and buckets with the holes a in 
the latter for ventilation. 'I'he water enters the 
vanes A wuth the entire velocity due to the head, 
and thrusts against the concave sides of the 
buckets B without touching the convex sides. 
To permit of this the buckets are widened 
, towards the bottom. 

The governing of the turbine is fachlitated by 
the fact of ita l^ing an impulse tyi>e. A sliding 


gate, C, can be regulated to close the ports of 
the vanes or guides in succession. The ports not 
covered are thus left fully charged with water. 
Neither is there any change in the angle at 
which the water enters. It is, therefore, 
eminently suitable for eases where there is 
much variation in the wMter supply, or w^hert> 
the amount of water used shall he in direct 
proportion to the power required. 

(hrard tiirhincs. as described, are used for 
falls of water up to about oO ft. For higher 
heads, a system of partial injection is adopted, 
the water being admitted only on a portion of 
the eireuniferenees. In tliis way a speed not 
too high is ol)taiiu‘d, v\hi(‘h with full injection 
would recpiire reduction gears. Ooiu'rally, too. 
the .shafts in high-fall turbines are set horizon- 
tally instead of vertically. 

The Jonval Turbine. Tliis, also, is of 
the parallel How, or axial ty])e, hut it is a 
reaction or ])rcssure tmhin(‘ [ISO). Its vanes, 
A, or are closed, similarly to the (hrard, 

by slides, not slinwn, for [uirposes of regulation. 
It is suitable for low' and nu'dium falls, and can 
he imnuMsed in backwater, or rais(‘(l alnive tail- 
w'at(‘r in a tail sm*tion ])ipe, to a lieiglit not 
exceeding lio ft. 

The Vortex. A turbine termiMl the 
Vorfrx is of th<' mixed How type ( 19TJ. 
watiu* (‘iittMs from the outside and pas.ses away 
at the ecnti“<', below and above the easing. 
'Hie wheel belongs to that class which has 
movable or adjustable guide passages, not 
illustrated, by virtue (d’ which the supply of 
watc'r to the l>nek(‘ts fl91] can he adjusted, so 
making the tm’him‘ capable of utilising reilueed 
quantities of water in an (‘conomieal fashion, 
since the w'ater is admitted in any volume to the 
whole of the eircuinfenmee of the wheel. 'Ihe 
water supply conu‘s through an encircling case. 
Th(' width of opening of the nozzle of each 
guide blade is regulated simultaneously by 
m.'ans of levers ami shafts, the blades being 
})i voted, 'riu're ar<' four or more of these gnid * 
vanes in tlie eirele.. In eases w here the quantity 
of water aivailable and the power are constant, 
the guid* vanes are fixed, since adjustahility 
would have no advantages. This simplilles 
tlie cons! met ion. 

The Leffel Turbine. This method of 
regulating the water supply by meanvS of movable 
])ivotefl guide vani's is carried out in the 
Lelhd turl)ines, and others modelled after them. 
Figs. 192 and 193 show this mechanism in sec- 
tional plan and in exttu’nal plan respectively. 
The gates are operated from a etuilral disc. A, 
whieli is moved hy n pinion. B, and segmental 
rack, (\ The levers seen pivoted to this disv^ 
regulate the aiuoimt of opening of the gates D. 
A fender op}»osite each gate ludievcs it of the 
pressun* due to head of \,ater, so that it can 
he moved readily. 

Fig. 194 shows an improved form of wdieel 
brought out by the L(*ffel tJompany, which they 
have christened the Sani807i. It is a double 
wdieel, retaining the gates, not shown, of 193. 
Each set of buckets receives its own scparat<> 
quantity of water. 



The' Little Giant* This turbine is of 
the mixed flow type. The water enters radially 
from without, ana discharges axially. But the 
water enters into two sets of vanes, divided by a 
f)artition, and escapes through two sets at top 
and bottom [195 and 196]. These stand out 
from the sides of the uheel very much lik(^ 
cowls. It may, therefore, ho described as a 
double turbine, in one easing : tlie upper tier 
of buckets discharging at the top, and the lower 
tier at the bottom of the case. This (urhine is 
well adapted for part gate working, or for those 
conditions in which the wat<'r sujiply is variable, 
and deficient in amounl in dry weather. Regu- 
lation is effected hy an iron division plate thal 
passes horizontally through the turbine easing, 
and divides it into two eompartments, corre- 
sponding with the two tiers of huckets. The 
water supply is regulated hy a sliding gate 
which admits tin* water to both tiers of buckets, 
or to the lower tier only, according to whether 
it comes down to tin* division plate or not. 
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turbines being laid down, three in nunilKT, 
are of 10,250 h.p. each. 

The combination of radial and axial flow 
with the curvature of the vanes, which causes 
the water to leave them in a direction parallel 
with the axis '[198], is the secret of efficiency. 
The point is that the radial flow is changed 
into the axial while the water i.s in the buckets, 
instead of after it has left them. In the latter 
ease there would be kinetic energy still in the 
M ater, which mejins waste. Fig. 198 shoM'S two 
Francis turbines, by «Tens Ort(‘n-Bdving. 

Advantages of Turbines. The story of 
the turhin(% like many another piece of engineer- 
ing, is one of devek^pment. 'Plu* old Fourneyron, 
of sixty years ago, M as a M'onderful machine. 
The most smu'cssful machine of the pn^sentday is, 
in a sense, a Fourneyron revers(‘d. The Francis 
is a radial iiiMard floM' turbine, the fixed guide 
Avliool surrounding the movable wheel. Turbines 
may ho single, double, treble, or quadruple, with 
corresponding increase of speed. A great 



efficiency is as high in proportion as when 
working at full gate, M'hielV M'ould not he the 
case but for the division into tMO sets of buckets. 
It is of the drowned type, the tops of the upper 
buckets being about 3 in. beloM^ the surface of 
the water in the turbine pit. 

The Hercules Turbine. This turbine, 
the wheel of which is shoM*p in 197, is of the mixed 
flow class, inward and doMiiMard. It is of the 
regulating type, a- cylindrical gate between the 
guide passages, and M'heel o^Kins or closes the 
rowB of buckets. It is a react ion wheel. 

The Francis Turbine. This is an old 
type, which has ssulfered from neglect until 
recent years. It has been revived, notably by 
the Swiss firm of Escher Wyss & Co., and the 
finest installations of this type are those of the 
Niagara Falls Power Company, and the Canadian 
Company. In the former, there are ten of these 
turbines of 5,500 h.p. each. In the latter, the 



advantage which the turbine has over a watcr- 
M'hccl is that its axis can be set horizontally 
just as easily as vertically. It is a ques- 
tion of bringing in the water. This question 
lias assiinuHl great importance since the practice 
of coupling dynamos direct to turbine shafte 
has become so general. This is impossible Muth 
a common Mater-M'heel, because the speed of 
revolution is never high enough for electric 
driving. Dynamos are coupled to vertical 
shafts, but it is preferable to have the shafts 
horizontal when practicable. Fig. 199 illustrates 
a turbine drive for an electric installation, by 
J. O. Boving. Here there arc four turbines, 
A, A, A, A, driving on one horizontal shaft. 

The objection to placing the axis of a turbine 
vertically is the difficulty of supporting the 
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central revolving shaft in a suitable licaring. 
Another is that this position is not so suitable 
for direct driving of dynamos and shafting as 
the horizontal, ffcnce the reason why very 
many turbines have their shafts horizontal, as 
in 199, running in good bearings, and eoiipled 
direct to dynamos, or belted to maehinety. 

Water and Electricity. The poten- 
tialities of water power have been utilised 
to a far greater extent since the installa- 
tions of ehretrieity have come into existenee. 
There an* hundreds of thousands of horse power 
which could not have Ix^en ('nehained without 
U-hc electric (;onduetor as an agent of transmission 
to distant industries. In Canada, th(^ Ihiited 
States, California, Switzerland, and Italy. France, 
German}^, Sweden, and other lands, rivers and 
falls which have run to waste for thousands of 
years, have, within thc^ last ten yi'ars, been made 
to supply eh'ctric light and ]M)\ver. Gradually 
tho distances of transmission hav(> inerensed. 
until the 200-miio limit has been passed, and 
engineers noAv talk of oOO-mile possibilities. 

Water poAver has tho advantage of being ibe 
cheaiiest power agcmcy. It will giv(' back from 
70 to 80 per cent, of wfirk, against, say, tlu^ 
20 to 25 per cent, of st(‘ani engitK s, and 30 per 
cent, of gas engines. 'Pbe limitations to distance 
no longer exist, as they did in the old day.s 
M>^hen belts and rofies afforded the only means 
of transmissi(.)n. 

Large and Small Water Supplies. 

There is no difficulty in dealing with a eonstant 
and large flow of watiT. Kv(‘n efficient ■water 
wheels can bo constructed for sueli conditions. 


A high speed would be desirable in some cases, 
such as for driving dynamos, but for slow running 
machinery a slowly -running turbine is preferable 
to reduction gear. But a large turbine costs 
more tlian a small one, and, being heavier, 
entails losses by friction. Hence there is 
no one type of turbine which is adaptable 
to all conditions, and there is, as the present 
article shows, a wide range of choice, so that 
an tmginoi'r w’ho understands his work can 
alway.s, knowing the governing conditions, 
advise us to the best for any given ease. 

Turbine Economy. An important 
feature in turbine economy is the governing 
of the speed and powta*. TV) use move watiT 
than is necessary is wasteful, besides wiiich 
sp(‘ed must not exceed recpiired limits. In 
water-wheels the supply is regulated b}^ a gate 
ill the head race, and the height of this, again, 
is under the control of a spc'cd governor. In 
drow ned or reaction turbines it is necessary that 
the buckets be full of water. In order to regu- 
late the How. the buckets are divided as w'c have 
shown, and the o|)enings to each stTies can be 
elo.sed with a sliding gat(‘, so shutting off the 
water Avliolly from eitluu- one or two. 

Kngland is not a land of Itirliines, nor is she 
ev(‘v likely to be. because conditiivns are not so 
favourabU* as are tlios(‘ of mon* mountainous 
count ri('s. Ja)w falls, little head, and variation 
in <|uantity in winter and summer arc not 
favourabli' to turbine driving. If there is a 
reasonable head, there is little w'ater ; if lliere 
is a Hood ther(‘ is little head. 

A eoiisideratioii w'hieli often arises in the 


It is when tho fall is knv and tho volume 
and also variable, that the hydraulic i 
engineer has to w'oigh w'ell theVelati vo 1 d 


eboiee of a turbiru' for low and. Huetiiating falls 
is that of the nee(‘ssity for au.\,iliary 
])ow<T. In many such eas('s w'ater 
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merits of reaction and of im])nl.se 
turbines. “Many weighty ennsidcra- q; 

tions are involved, one of the 
principal of which is the problem of getting 
a turbine that will work satisfactorily at jwrt 
gate, as it is termed. Another is the 
question of speed. The higher the fall, tho 
smaller is tho turbine, and the higher its rate 
of revolution. With low falls the turbines 


' ]>ower has been sgpplemented by 

tiiat of a steam or gas engine 
plant as a stand-by. Sometimes 
this is neee.ssarv, hut often it need not be 
if a suitable' turbine, meaning by that one 
capable of working well in part gate, has been 
selected. Oft(>n. also, a storage pond could be 
employed, in which w'ater might accumulate at 
such times as the services of tho turbine were 


must be of larger radii, and they revolve more not required, as at night. 

slowly. Then the question of the nature of Girard Turbine. Fig. 200 illustrates 

the w'ork they have to do must be considered, a Girard turbine by Messrs. Gilbert Gilkos & 





Co., Ltd., from which a very good idea may 
be gathered of the mechanical details of 
construction. It is of the same type as 
the buckets shown in 189 , and is, therefore, an 
impulse turbine. The inlet pipe is seen at A, and 
the shaft is horizontal, and therefore a dynamo 
can be directly attached to the coupling B. 
C is the handle for regulating the gate D. 

Fig. 201 shows a complete installation by the 
same firm. The turbine has a vertical shaft with 
a suspended form of bearing — a design which is 
largely displacing the old footstep bearing. 
Here the drive is through hovel gears and belt 
to the dynamo seen at. the ex - 

treme right. The ‘ ^ levels of 

the head and tail waters 
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are evident, and also the forebay or strainer 
to the left, and the regulating sluice imme- 
diately in front of it. 'Phe regulating 
mechanism for the gates is setm to the right of 
the turbine, operated by a hand wheel at the 
top. The brick linings, timlMu* frames, and 
timber and .steel joists, with other details, are 
apparent. 

Horse«power. To find the horse- power of 
water in motion, multiply the quantity of wabu* 
in cubic feet ix»r minute by the weight of 
a cubic foot — t)2J lb., and by the height of the 
fall in feet, and divide the product by 33,00C). 
This is only the theoretical j)OAver. Of this a 
good turbine Avill utilise 75 to 80 per o(‘nt., and 
water-wheels, the breast type excej)ted, from 
00 to (50 per cent. The height is measured 
from the level of the water in head race 
to the level of the water in the tail race. 
Another method of reckoning the power of 
water is that used in California and termed 
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the miner's inch. It denotes thcT quantity of 
water that will flow in a minute from an orifice 
1 in. square under a head of 0 in., and is equal 
to 71^ cubic ft. })cr minute. Tables are prepared 
based on this. I'he quantity of water in cubic 
feet is measured by a notched board set across 
the stream as follows. 

A length of from 50 to 100 ft. is selected, as 
uniform in section as possible, and its area of 
section is obtained by multiplying the average 
width by the average depth. A stake is driven 
at each end of the length selected, a float thrown 
into the middle of the .stream a little above the 
first stake, and note is made of tlio exact tim^ 
it occupies in passing from one stake to the 
other. This should be viqieatcd several times 
to obtain the av(‘rage speed. A bottle partly 
tillod with water to flout upright, or a piece 
of wood are suitable floats. 

'Po find tlu‘ quantity of water passing, 
the sectional area of the stream is then 
^ multiplied by the length taken, and by (50, 
and divided by the time taken in seconds 
i \ by the float in passing ovcit the m"‘a8ured 
^ length. A deduction must be made for loss 
7 due to friction al. tlu* bottom and sides of 
ilic stream, wlucli may be taken at about 
^ 20 per cent. 

^ Notched Board Measurements* 

Another method is that of a notched board 
or tumbling bay [202] placed across the 
stream to pass a given quantity of water over 
the notcfli, so forming a weir. The notch 
may be of any depth, but the lower level of 
the Avater should be at least a foot below the 
bottom of the notch. Its width. A, is about two- 
thirds the Avidth of the stream, (’. The bottom 
of the notch in the dam must be level. The dam 
.should he of sufficient height to produce a still 
roach of stream above, so tliat the water shall 
(loAv over Avithout appreciable velocity. A stake 
is driven near the hank ft)r convenience in taking 
measur(.mciits. It must be far enough up the 
stream, B, to be uiiaiTecled by the curvature of 
the surface of tlie water passing over the weir, 
say () feet. 'Phe etlges of the notched board are 
bevelled on the down side to nearly a sharp edge. 
When the dam is placed in position and the 
water obstructed thereby, the height to which 
the AA'ater rises up the stake indicates the depth 
of water floAving over the Aveir. Wlien the 
Avater has ceased to rise above the weir, the 
depth from the surface to the top of the stake is 
measured. Tlie Avidlh and depth are the data 
from Avhich tlio quantity of water in cubic feet 
per minute ani obtained from Aveir tables. 
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By 

is now time that the stiuhmt should hofijin 
to aj)])ly the prineipk^s which have been laid 
down. Tlie only Avay to masl:*r tlu' keyboard 
is to pick out the l(dters,strikinji; them one by 
one, from A to Z, until tlu^ exact position of 
each is quite familiar. 

Then should folknv the ])ractice of words, 
rem«‘mb(ning that each kdtcr must be struck 
firmly and evenly, and that prelixes like “ ly " 
and “ in^ ” should not, beca\»se of their famili- 
arity, b(‘ hurried so that one kdter j)rints unduly 
near the ru'xt. 

The necessav}' space b('twe('n each word is 
obtained by striking tlie space bar, wliieli moves 
on the carriage —in most machines — the distance 
of one letter, and the paper is then in position 
to receive the nt^xt impression. 

When the student has thoroughly mastered the 
keyboard, he should h(‘gin to praetisc' such 
exercises as the specimen k'tter giv'<ii on this page. 

T h o u' o Y (1 
“Messrs." 
should ty))ed 
aomo little way 
in from the mar- 
gin of the papi'r, 
the margin “ ad- 
jusb'r for most 
purposes h(‘ing 
set on aj)aee 5. 

Spac I ng. 

This l)rings us 
to the questiem 
of “ s])aeirig.'’ 

If the student 
turns to the 
front of his 
niaeliin(‘ he will 
1 j n d ji s e a 1 e 
whi(.‘h consists 
of spaces, eaeh corresponding with the width of a 
letter. These little spaces are divided up into 
groups of live, and numbered in tens. 

This scale eorres])onds with the one behind 
the roller, so that if the student wants an 
ordinary narrow margin, as in general correspon- 
dence, he slides the littk? “margin adjuster" 
along the hack rod until it is on T). For other 
classes of work, he will recpiire a wider margin, 
in which ease the adjuster may be s(*t on 10, 
or, for foolscap work, on 15. 

It sometimes happens that the operator may 
want to add an ooeasional figure* nr reference in 
the left-hand margin, and, by a simple arrange- 
ment w^hieb is fixed to nearly all the laU'st 
patterns, he i.s enabled to do so, without losing 
time, by touching a lever fixed to the carriage. 
By this .same stop he is able, if necessary, to 
write a letter or two bevond the -regular right - 

im 


hand margin. This is useful when a word which 
is dillieult to s})lit up into convenient syllables 
happens to fall at the end of tlu* line. 

Special care siuaild be given to the right -hand 
margin. It is obviously im])Ossible always to 
avoid a broken appearance*, but oeeasionally, by 
careful judgment in tlu' division of words, mueli 
may be done to improve the look of the page. ^ 

Punctuation Marks. After a full stop, 
an exclamation, or interrogation mark, three 
spaces should b(* left ; aftei’ a s(‘mi-eolon or 
eokui, two spaei's ; after a comma. on *. Hrackets 
should b(* divided from tlu* rest of a sentenei^ 
by oni* space lu'forr* and one after ; but there 
should lx* no spaei* betw(‘en th<* brackets and 
tlu* words th(*y euclosr. 

Ia*f us ru)w i‘(*furn to tuir letter. Having 
stait(‘d “ l)(*ar Sir;* " on we should begin 
the word “Wi*" on the liiu* helow, imnjediately 
following till* eonuna. 'I'his i< men‘ly for the sake 

t)f appearance ; 

26th January 1906, all suhsequent 
paragraphwS b(^- 
gin on 10, the 
w ords “ Yours 
fait h fu lly ” 
starting on 
about 

When a now 
hue is wanted, 
t h (* ‘ • I i n e - 

spacing lever” 
is pu.shed up, 
and the oarriago 
slnfted back to 
the margin, 
which intro- 
duces us to 
another kind of 
spacing— t h e 
spacing w hich fixes the distaiu’c between lines. 

In the majoiity of eases a l(*tter should be 
written in “ doubk* " spacing. Most rnaebinesare 
arranged for thna* kinds of line spacing — single, 
double, and tri])lo, which i.s determined by a 
sim]>Ie arrang(‘m(‘ut at tlu* side of the roller, 
varying with every make of machine. 

Double spacing is generally used for correspon- 
dence, nlthougli some peo)>le prefer the close (or 
single) sparing ado])ted by many American firms. 
In this case, it vshoiild he rememhered that the 
somewhat cramped appearance of the page is 
very eonsiderahly lessened by leaving a double 
space between paragraphs. 

Correspondence. But we have so far 
dealt only with the actual body of the letter. 
\Vc have still to consider the date and address. 
The former should begin on about 50, and the 
name and address, which may come either at the 4 


Messrs, Brandon A Webb, 

107, Broadway Mansions, 

London, E.C. 

Dear Sirs, 

We have to acknowledge receipt of 
your favour of the 24th Inst,, and are very 
sorry that you should have any cause for 
complaint with respect to the delivery of 
the goods which should have reached you on 
the 19th Inst, 

We will have the matter looked into 
without delay, and write you further. 

Yours faithfully, 

BRANDON A WEBB. 






TYPBWRITINQ 


Ixjglnning or oncl ot tlio lotfer, stmis on 5, 
each of the following lines being indented five 
spaces. 

Tn displaying the wording on Ibe ('nv<'lo})e, 
the student must exercise discretion, as the etfeet 
necessarily depemds on the lengtli and style of 
the address. In such an address as 

Llewellyn Baumer Esq., 

37, Albany Road, 

Hantpstead, N.iv. 

each line is ind( ntetl about nine spaces, althouuli 
in the case of a long address single spacing should 
be used, and Itie steps closed up a litth' luon^ to 
prevent a straggling a])pearane(\ 

Mr* william Dimsdale, 

Dept , 7 , 

The Roxburgh Printing Go., 
Wellington Road, 

Bournemouth, w. 

fn sneb an address, an indention of live spa^'cs 
in each line is quite suflieient for display. Wb(‘r(\ 
as in this case, a veiy short line comes bet\v(‘en 
two longer ones, it should be centr'd. 

An acidrc'Ks of two very unequal lines should be 
written in this wav' ; 

Messrs* Johnston & Turner, Ltd,, 
YORK, 

If ordinary <‘nvelopc's are used, the llap siiould 
be opened out bedore inserting it in the maehiiv*. 
to get as oven a surface for the type as possible*. 
Of course, the best results are obtained by using 
those with square (laps, which an‘ specially made 
for this ])ur])ose. 

MistaKes. Although it sliould be used as 
little as possible, it is perhaps as wcdl tc^ assume 
that the stiid(*nt may oeeasionally have to resort, 
to the erasci*. For a serious error, it is very 
often the wisest course, and in the long run tlu^ 
quickest, to tear out the sheet ami start again. 
\Vhorc^ this cannot he done, a piece of the 
s|)ccial typewriter eraser which can l)e bought 
at any stationer's — the rounil pattern with the 
littk' metal disc is hyfar the best — should beusc*d. 
Tlie student shouid never att.(Mnpt to erase a 
letter from a sheet of thin pajier which is not 
protected from the rolle r hy a “ backing *’ 
sheet. It i.s important that .such a sluot — any 
paper of a fairly thick substance will do — 
should be placicd next the roller when foreign 
or thin paper is used. 

The rubber is used across, and not down the 
paper, so that the faint .smear, which it is almost 
impossible to quite get rid of, is hidden by the 
words on either .side. 

In a very few' cases it is allowable to write orcr 
a letter. An e, for instance, may be written over 
an 0 , a t over an i, an o ov'cr a c, and so on ; but 
this should only be done w'hcrc* the c‘orrc'elion 
is not apparent. 

When wTiting at high spwd the space between 
two words may sometimes bo forgotten, which 
will quite spoil the.cffc<it of a page. Mony jx'ople 
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arc? c^ontent to run a line through to divide thc'in, 
either using the shilling mark, which is bad, 
or a p(‘n, which is worse*. Nothing .spoils a page 
of typewriting so much as an ink corrt*etion, 
A far better way of getting out of tlie dilliculty 
i.s to rub out the* last two letters of the lirst 
word, pull the paper along half a space, write 
one h‘tt(*r, pull it along tin* same distance, 
and write the* otheu’ letti'r, thus getting three 
h'tters witliin the space allowed for two. This 
mods ])raetiee and a nice judgment, but the 
elTcc't is w’ortli the trouble. 

Centring. Where it is nec(‘s.sary to 
“eent?c” a. lu'adiug, tlu* numb(‘r of w’ords — 
including the* space* belwi'cii each ~ should be 
eounted and subtracted from the number of 
units on the scale bar |72) minus the margin, and 
t he Fe.suU halved, d'hen add the margin, and you 
have* the* exact ligure on wbic-h to start the line. 

In otluM* words, find out the number of spaces 
your- heading tak(‘S (say 30), subtract it from the 
arUml working line (()*2 — we will a.ssiime a 
margin of 10), and you have 32. Halve* it, 
(1(>) ; add the margin (10), and 2f) i.s the number 
on which to In^gin tin* heading. 

If it is remcuuberc'd that thi* heading liiis to 
c'oine in the. centre oj the tgpewritten manuseri pt, 
the calculation becomes quite simple. In the 
case of a se(‘ond heading following immediately 
below, the bottom line is sometimes improved 
by being sj>ae(*d out, csp(*c ially if both lines aiv 
of (‘qua! kmgtli. One space should then be left 
ladwec n each let ter, and two b(*tw'een the words 
as iu 

SELF EDUCATION 
KEY TO SUCCESS^ 

Tabular Work. For setting out columns 
of Avords or figun'S, tin* quiekc'st way is to type 
out the top lines oji a rough sheet of papi‘r, kScc 
c'xaetly how best to arrange the columns, and 
make a note of tl\e numbers on which to ijcgiii 
each set of figures. 

Sup])osing one lias to type five sets of figures 
to the line, it is (piite easy to divide the eolimins 
11 ]) (‘cpially and rememhe*!' to start the first 
let lers of each on o, 20, 35, 50, ()5. It also avoids 
the necessity of lifting tlu* carriage repeatedly, 
which obviously wastes a c onsiderable amount 
of time. 

Tabulators, Where a great deal of thi.s 
class of work has to be done, it is desirable to have 
a device which is known as a “ tabulator *’ 
fixed on to llu? machine. Avhieh automatically 
.shifts the carriage from one fixed jioint to anothei 
without the use of the space bai*. 

Position. It is important that the operator 
should be seated comfortably. The correct position 
is that in which the elhoAvs of the typist come 
about lev(‘l with the keyboard. If possible one of 
the tables specially designed to hold typcAvriting 
machines should be used. The chair, too, 
should roe(*ivo consideration. Those w'ith a. 
small, hard seat, and a straight back arc most 
comfortable. Where much copying from manu- 
.srri})t has to be done a “ ropylioider ” is a great 
comfort. It saves unnecessary bending, and 
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if placed Mind the machine, doe^s much towards 
preserving the eyesight. ’ 

For the figure 1, the small “ I " is used, and, 
for the nought, the capital “ O.” 

CARBON WORK 

Wlien two or more copies of a page are wanted, 
a “carbon” is placed Ijetween each sheet, so that 
the shiny surface touches the page on which tiie 
impression is to be made, (h-cat care must 
Ixi taken in aiTunging the pages to see that some 
of the sheets are not reversed, or the result w ill 
not be a happy one. The surest way to avoid 
this is to lay the tyj)ewriting i)ap(*r before you. 
heading upw'ards, and place the carbon so lliat 
tile shiny surface covers it ; then tlu* newt shoot 
'with the heading up and carbon fact^ down- 
wards, and so on. 

Thin i)aper must be used for this work, with 
the exception of the bottom sheet, w^hich, to 
get the best results, sliould bo of thieker make. 

The keys should be struck very sharply for 
carbon w^ork, and care taken to avoid handling 
the sheets mon^ often than is absolutely ncecs* 
savy, as even the best makes arc liable to 
smudge. 

Erasures in carbon work should not be madt^ 
in the usual w'ay, or the preparation on the 
surface of the carbon w'ill smt'ar. The best 
way to remedy an en*or is to turn back the 
roller a little, iiisert a piece of paper between 
each' carbon sheet and the writing, and rub 
out the wrong letter on each 8h(‘et separately. 
The slips of paper can then be removed, and 
the letter or word re-typed. But the operator 
must be careful that in turning back the roller 
the. “ pad ” is not shifted. 

If a faint, dark impression appears on the 
sides of the copies when the work is taken out 
of the machine, it is probably due to the 
fact that the little rubVwr clips which hold the 
|)aper firmly to the roller have not been p\islied 

MANIFOLDING 

It is sometimes necessary to take 50 or J(M), 
or more, copies of a single sheet of typewTitten 
matter when there is not time to type each page 
separately. The process by w hich this is elfc'ctcd 
Is koow'n as manijuldinfj. 

The motliod is very .simple, and easily ex- 
plained. In the first place, the ribbon has to 
be removed, or, in some machines, mon^ly put 
out of gear. The w'ords are tlien typed on to a 
wax sheet, wliich, being soft and impression- 
able, receives the perforations of the type 
letters. Through these, hy moans of a dupl icator 
(which may be purclnised for about £2), the 
ink passes, and so leaves an impression on the 
. }>apei\ 

Method. When the student has removed 
the ribbon, and seen that the type is perfectly 
clean, be should take the yellow oited sheet 
from the roll supplied with the machine, and 
place it in the centre of the wax. Fold over 


very carefully the top and the sides, and then 
place over them the tissue sheet (which is 
merely to protect the wax), and turn in the 
top edge slightly to prevent its slipping when 
it is put in the machine. 

.As in car boning, tho rubber clips on eitlier 
side of the roller should be removed. 

Then put the pad you have made into tho 
machine just as if yon were feeding an ordinary ^ 
sheet, so that the impression is made directly 
on the tissue sheet. The matter must bo very 
slowly and carefully typed, as mistakes are 
not easy to rectify. The keys should be struck 
evenly and smartly, but the ‘‘o’s” must have a 
lighter depress ion, or the centre^of tho letter 
will fall out when the wax sheet is removed, 
and cause the ink to make a blot on the 
paper. 

Mislakes may be erased by mean.s of a special 
varnish, but it takes some little time ^ dry, 
and should, therefore, only be used as a last 
resort. 

When the matter is typed, take away the oiled 
sheet, and then, very carefully, tho tissue, 
whicli will need careful handling to prevent the 
surface of the Avax Ix^ing spoiled. All that wo 
are concerned with noAv is the wax sheet, or 
“ stencil,” which is placed, face upwards, on 
the duplicator and covered with the “flimsy.” 
llnfastcn the steel frame, place it under the 
w'ax sheet, and then, Avith the sheet round it, 
lift it and fix it back into its place at the top 
of the apparatus. 

The stencil must be vciy cavofully adjusted. 
When in position it should bo stretched as 
tightly as possible Avithout fciaring it. It must 
also he remembered that the least crease or 
crack on the Avax sheet means an undesirable 
perforation, and so renders it unusable. 

Now turn to the slate, on Avhioh enough ink 
sliould be squeezed to make a thin paste when 
rolled out, and evenly distributed. Next lift 
the upper part of the machine, cover tho “ base- 
hoard” with blotting ])apor, replace the former, 
and pas.s the ink roller firmly over the stencil. 

Pass the roller backward and forAvard until 
tlie impression is seen plainly on the blotting 
paper, Avbich should bo ren(*wcd two or three 
times until every letter is quite clear. 

'Phen the sheet on Avhich the impression is to 
be made, can be put over a clean piece of blottinj^ 
paper, and a.s many impressions rolled off as 
neecssary. From a carefully prepared stencB^ 
,‘10! ), or more, copio.s may bo taken. 

Two points should bo remembered. In 
typing matter for man’^old work see thal 
each letter is struck A^dth a unifom force ; 
and use only just sufficient ink on the roller 
to give a clear, sharp result. 

The process which has been described applies 
particularly to tho “ Ellam's ” Duplicator. If, 
hoAvevcr,the “Ron?o” is to be us^ practically 
the same instructions apply, as in both oas^s a 
stencil has to be prepared. 
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STRENGTH OF SUNDRY MATERIALS 

MATERIALS & 
STRUCTURES 

Hemp and Wire Ropes. Chains. Wire. Yarn Fibre. Leather Belting, 
Glass. Indiarubber. Pitch. Bolts and Nuts. Springs. Pipes 
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By Professor HENRY ADAMS 


Strength of Hemp Ropes. 'Du* aver- 
ftgo strengtli and othor important particulars of 
round ropes may lu* tabulated as follows, wluTt^ 
C- circumference in iiiclu's, W - wciglit in 
pounds p/r fatliom, 1) -- diameter in eighths of 
Ml inch. 

Breaking weight of new rope in cwts. - ir x 
4 to 5. 

Safe load on imv rojie in cwts. \V x ‘b 

B.W. new stretched iop(‘ in cwts. -- I)-. 

Safe load stretched rope in cwts. W x 4. 

Safe load new rope fall in cwts. 

Safe load good ro])e fall in cwts. - (*- x 5. 

Safe load sound old fall in cwts. (T- x .J. 

Weight of clean dry ropes ])cr fathom in 
pounds X ]. 

Weight of tarretl roj)e per fathom in pounds 

(•- X i. 

Minimum diameter of sheave in incluv^ - - (5 1 2, 

Varieties of Ropes, Small ropes are 
slightly stronger in proportion to their sectional 
area than large ropes. Manila rope varies from 
10,000 lb. p(‘r scj. in. net section ultimate 
strength for a 2 in. dianuder rope to 12,000 lb. 
per s(j. in. for a .1 in. diameter rope, the net 
sectional area being about Si per cent, of the 
circumscribing circle. Flat ropes are sometiine.s 
used with a width of about four times their 
tbiekni'ss ; their breaking weight in tons is 
equal to their weight in pounds per fathom, and 
their weight in pouiuls ]»er fathom is approxi- 
mately twice their circumfereiici^ in inches. 

rialiati hemp ropes are .said to la* strongiu* than 
those made of Russian hemp. New white ropes 
arc stronger and more plial>le than tarred rojies, 
but the latter retain their strength for a longer 
period, owing to the jwotection afforded against 
atmospheric influences. Ropes arc always 
stilTer after noting. A wet rope, or om‘ satu- 
rated with grease, loses half its strength. A 
remarkable projauty of ropi's is the extent to 
which th(\y swell and sliorten Avhen wetted ; 
j)ractical lisc may sometimes he made of this 
property, but it more often acts detrimentally. 
All ropes should be kept dry and free from lime. 
Old ropes .should be used with caution, for while 
they may still look sound, they may hav<* very 
little strmigth. 

Rope Driving. 1*ho poAver that a rope 
will transmit d(‘pen<Is upon the velocity with 
which it travels as well as the force it transmits. 
A cotton rope Fj in. in circumference, weighing 
1 lb. per foot , and running at a velocity of 5,000 ft. 
per minute, Avill transmit 50 indicated hor.se- 
power. Ropes of this kind arc used in some 
workshops for driving overhead cranes, hut they 
are now' being generally replaced by electric 
driving. Hemp ropes are used for transmitting 
power from steam-engines to Avinding drums for 


cable traiiiAvays ; the velocity is less, but the 
tension is greater than in the case of the liigli- 
speed cotton rope. The approximate horse- 
power of a hemp ro( c is found hy multiplying 
the circumfereiiee in inelu's by tlie diameter of 
driving pullc'y in feet and by the revolutions per 
minute and dividing by 200. 
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Leather Ropes. Leatlu'f ropes of square 
or V section are used in connection with some 
<*lectrical machinery, running in a V groove, and 
will transmit 320 lb. per sq. in. of sect ion. Hide 
ropes an* used sometimes for hand -power cranes, 
being sti‘eped in Stockholm tar to prevent 
destruction by rats. 

Wire Ropes. Wire ropes vary both in 
material and .manufacture. Steel, owing to its 
greater strength, has entirely taken the place of 
iron for ropes. The ultimate strength in ton.s 
per sq. in. of the material itself, tested in single 
wire, as given by.f. Bagshaw & Sons, of Batley, 
is : BessenuT steel, 45 tons ; crueihlo steel, 56 
tons ; jiatent steel, 75 tons ; and plough steel, 
111 tons. 4 he approximate breaking Aveight of 
the linished ropi* in each material Avill he the 
circumference in inches sipir red and multiplied 
hv 1 '5. and 3 5 respe'c lively, the working load 
being one-tciith of the breaking Aveight. 

The life of a wire roj)o depends very largely 
upon the diameter of the sheave's over which it 
runs ; for slow speeds, the diameter of drum 
should be 80 times the diameter of rope, hut for 
high speeds of 30 to 50 miles ])er hour the drum 
.should he 240 times the diameter of the rope. 
Some experiments hy Sir Benjamin Baker 
at the Forth Bridge showed that with a diameter 
of pulley of only six times the diameter of rope, 
failure commenced after 5,000 bends, and was 
eom})lcte at 15,000 bends. When the diametfAr 
of sheave was increased to eight times the 
diameter of the rope, failure eominenced at 
10,000 bends, and was completed Avith 30,000 
bends, those numbers hearing only a very small 
ratio to those required in practice. 

Testing-machine for Ropes. A con- 
venient machine for testing hemp or wire 
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ropes, by W. il’ T. Avery, Ltd., Birmingham, is 
shown in 101. It is specially designed for prov- 
ing wire and liemp ropes at any part of their 
length witliout destroying tlie ropes, and in 
addition for testing specimen lengths of rope. 
For proving up to a .specified strain a rope after- 
wards to be used, tlu* rope is passed 
through the gripping dies Avifhout 
being cut, and the section between 
the (lies is proved up to the desired 
strain. Any number of such sections 
can be proved without destroying 
the rope, whicli is invaluable for 
insuring the safety of rope in use, or 
intended for use*. For testing the 
breaking strain, a .section of the rojie 
is cut oft’ and tested to d(‘struction. 

'rhe machino is entirely self-coii' 
tained, the pressure being supplied by 
means of a hydra\ilie hand-pump car- 
ried under the frame, and the whole machine is 
mounted on four wheels, the front pair of which 
are made to swivel to facilitate removal from 
place to place. The strain applied is indicated 
on an automatic dial, the ultimate strain being 
marked by a loose register i rig linger. A graduat ed 
. elongation scale indicates the extension of the 
specimen under test. 

Strength *of Chains. Chains used for 
lifting loads are made of wrought iron, in plain 
oval links, the length over all being about 4 5 
times the diamoter of the iron from whicjli tliey 
are made, and the width times. Tlicy arc* 
known as “ best tested short link crane chains.** 
The oval form causes each link to act as a very 
stiff spring, and minimftie.s tlu* shock from too 
sudden a lift, or a surging of the load. The 
following table from the writer’s “ Handbook 
for Mechanical Engineers ” gives a summary of 
the strength of chains: 


STKRNOTH OF CflAINS. 


d r:^ (liaTiicter of iron in illis f)f an i 

nch. 

j Or if worn, diatnotor of Kumltist jiarl. | 

JJ.VV.intonfi, B.B. short link crane chain 

1 ip 

jB.W. in tons, ordinary cliain 

. 

B.W. in U)UM, orilituu’v <hai«< (Aiuka- 
son)*'' 

■ i'p 

F.lswicU test in tons, 10 per cent. ahov<' 
Admiralty proof . . 


Admiralty proof ytrain in lonn , . 

• 1 it 

Safe load jn ton.s (Mo]o.swoil h, llth od.) 

. : iP 

Safe load in tons (Molcsworth, 2I.st cd.) 

■ 

Safe load in tons, connnoii nilo . . 

Maxinuun temporal^ load on good 
anuoalcd chain in cwts. 

. 2(1^ 

Safe load, ordinary chain (.^ndcason), 
in t.oiw 

■ ft? 

Safe loud, for ordinary cranes, in cwts 

Safe load, for coal ciauoH. in c.w ts. 

. \\<p 

Safe load, old chain, quality and con- 

dition unknown, in cwts. 

. d“ 

Weight ill pounds per fathom, short 
iinli crane chain 


W’eight in pounds per fathom, ordiiiaiy 
crane chain 
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Iron with the mark (Crown SC) breaks with 
an ultimate stress of 26 tons per sq. in. A A in. 
chain should therefore break with a loatl of 
13 tons, but a test piece 4 ft. long usually breaks 
with a load of 1) to 10 tons, generally opening at 
the welds. These chains are tested liefore use 


101. M.\ CHINE FOR TESTINO U01*ES 

with a maximum load of 4.J tons, and used on 
coal crant'S to lift a gross load of 1 } tons. Under 
the.s(* conditions, a good chain, properly looked 
after, will make from 100,000 to IbOjOOO lifts be- 
fore it is worn out. 1 1 may occasionally fai 1 in use 
although so large a margin for safety is adopt’d. 

Chain-testing Machines. It is usual 
to test new chains for proof strength in succcs- 
siv(^ portions up to .30 ft. long each in such a 
machine as 102, by W. H. Bailey & Co., Ltd., 
of .Manclicster. and then o examine them after- 
wants very carefully link by link to see that no 
welds liavi* opcm‘d, and that no other flaw due 
to had workmanship is shown. The machine 
consists of a strong girder frame with a hydraulic 
pulling cylinder fitted ait one end. The cylinder 
is woria'd by means of a hand-pressure pump, 
or it cam l>c coupled direct to hydraulic- pressure 
mains. A gauge is provided on the cylinder 
for indicating the stniin on the test length of 
chain. Old chains are sometimes tested in a 
imichiiie. hut this is a dangerous practice, as they 
niiiy bo strained beyond the elastic limit without 
.S lowing any external evidence of damage, and 
tli(*ii fail in work froni no apparent cause. 
It is much safer to pass old chains tlirough an 
anm^aling furnace and tlum examine each link 
carefully over the point of a smith’s anvil. This 
at least is the writer’s vieiv, based upon a very 
Avide expci ience in the practical use of crane and 
lift chains. 

A 4 ft.. length of chain from each batch of 
muv chains sliouJd be test-ed to destruction 
to prove the ultimate strength and the quality 
of tlic workmanship. 

Testing Wire. It is well known that a 
metallic wire will withstand a much gre$rter in- 
tensity of stres.s than a bar or plate of the same 
material. This is no doubt owing to the effect 
of drawing it through the dies in the process of 
manufacture, Avhich tends to increase the length 
and reduce the sectional area of any inferior 
portion which may be mixed up with the otW, 
so that a better average will result. 

Wire -testing Machine. A suitable 
machine, , by W. & T. Avery, Ltd, for testing 
either small or large wire is shown in 108. 
It may bq used for ascertaining the breaking 
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strain and elongation of wire, metal strips, 
cycle s])okes, small spc'cimons, etc. The strain, 
up to a maximum of 7,000 lb., ic, applied by 
worm and wheel gearing actuated by a hand- 
wheel, and is indicated in single pounds on the 
st-eelyard by a sliding pois»‘ with revolving 
gradiiatt'd dial. The stec'lyard i.s balanced 
entirely by tUe sliding ])()ise, I bus <lis[)(‘nsing 
W'ith the use of Joost' weights. The sliding 
poise is moved along the steelyard for balancing 
l)y special gearing eoniu’eted with a small hand- 
wheel lixecl on the frame of tlu' juaehine, whieh 
ensures a- eontinuoiis steady strain, giving 
absolutely aeeurate results. 'Phis is a great- 
improvement on the old band nu'thod. as it is 
impossible to [>ut the strain on suddenly. (*)uiek 
return of the die- box after fraeture of llu^ 
specimen is ensured by an instantly opiMvited 
arrangement of change wheels. A graduatial 
scale is provided for recording the elongation of 
the specimens. The two hand-wheels art* con- 
veniently arranged so that specimens can he 
tested by one O])eratoi‘. Sets of dit's are supplitsi 
to suit various gaugt's of wire, and by m(‘ans of 
these the s])ecimens can be speedily andeiTcetu- 
ally gripped. 

Testing Yarn and Fibres. 'Pbeiv are 
many instunees whore it is desirable to as- 
certain the strength of fibre, and something 


S»*a Uhnid-! .. .. Penimnl.ufo .. HO'2 

Qin fMisImul .. 147 '0 N^cw Orioaii-t .. 147*7 

Kgvptiau .. .. 12*7*2 rplniid .. .. lui .'i 

Mariuiliaiii .. .. 1071 Surat (Dliollciali) N1*0 

Ftciimit'l.i .. 100*1) Surat (Coinptau) 1<:.‘1'7 

Testing Cloth and Canvas. The 
Tlritisli Admiralty test the cloth and canvas 
supplied to them by the machine show'n in 105, 
made by W. H. Hailey tS: Co., Ltd., of Man- 
(•hest('i*. ft AviJI tak(* any size piece up to 21 in. 
in length and (ij* in. in width. To taisiire aeeurate 
results thi^ machine is test(‘d by dead w*(‘ights 
!)efore the dial is graduat(‘d. 'I'his inaehino 
works up to a maximum pull of 000 Ih., but a 
slight increase in ilimensioiis w^ould enable 
it to ho used for t(‘sting leather belting. 

Leather Belts. 'Pbe thickness of leather 
belts vai‘i(‘S from to | in., and the ultimate 
strength of th(‘ leather is about J{,0St> Ib. per 
s((uan‘ ineb. ^Mie stnaigth of leather belting 
p(‘r inch of w*idtli is as follows : 

Ihvaking Safe w'ork- 
Strain. . ing Strain. 

Tlirough .solid part . . P)75 lb. 225 lb. 

'riirough riveting . . .‘182 lb. 127 lb. 

Tlirough laeing . . 210 Ih. 70 lb. 

and as the lacing is the weak(‘st part, the strength 
of a laced b(*lt must be measured by it. Roughly, 
it may Ix^ stated that a leather belt will transmit 
1 li.p, pel* im h of w idtJi. 
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lighter and more delicate in construction tluiii 
the machines alrendy described is necessary. 
A very convenient yarn-testing machine, by 
VV. & T. Avery, Ltd., is shown in 104. It is 
designed to a-ioertain the hn aking strain and 
elasticity of all kinds of yarn, etc. It is litted 
with ratchet cpiadrant anti positioning pawl, 
AAdiieh engagt'S the poist* in its exact position at 
the moment tlie sp(*eimen breaks, thus ensuring 
the exact strain a])plied. being indicated. Tin* 
strain is ap])lied by means of a hand-Avheel and 
gearing, and is indicated automat ieully on a dial. 
A graduated scale is attaelied for indicating 
tho elasticity and elongation of the speeinien.s, 
and special clips can be provided by means of 
which single threads can be tested. The larger 
sizes t^an, if desired, be madt; to drive by means of 
mill power in addition to the luind-w heel attach- 
ment. 

Strength of Cotton Fibres. ^Ir. O'Neill 
some years ago made many exp(‘rinieiits wdfh u 
view to obtaining the strength of the dillerent 
fibres, and the folknving table, compiled by him, 
W'ill bo of interc^st to the general reader ; the 
figures indicate the mean breaking strain in 
grains. 


Strength of Glass. In some e.vj>eriments 
on the t lansvei’M* sfi'i'iigth of glass carried 
out by the writer, the sab- lo.id in ewts. di.sfri- 
buteib allowing a factor of safety of 4, w'as 

found to Im , vlieri' b hri'adth in 

inches, tl dejith or thiekm'ss in inches, L = 
span in feet, 'rhiek glass i.s often used in floors, 
to give light. belt>w\ It is then sunk flush in a 
frame, .^o that tlu^ thickness become.s depth, 
the .slu)i*te5>t width heeomes span, and tho 
breuilth may he taken the full length of tho 
sheet. For ( xainple, if it l^e recpiired to find 
the thickness neees.sary for a, .sheet of glass 
J5 in. w ifle and M ft. long, to carry a safe load of 
1.] cwt. ])er foot super, we have 1*5 a 1*25 x 3 
-r5-r)2.’) cwt. total loail W. Then the span 
must b(i taken the short way of th(‘ glass, or 
I 25 ft. - J.<, and the breadth (/;) will l»e taken 
the full length of the sh(‘et - .‘hi in., and tho 


eijualion stands as ,5*(i25 


*75 < .‘Ui X <2 
1 25 


AV hence f- " 


5*025 < 1*25 
^ 75^^50 ' 


or t \/*20 


say, 


*5 or I in. 


not 
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In a warehouse whore h(«vv oases may bo 
movecl about, the corner of a case may bo 
dropped upon the centre of a slieel, and a very 
largo margin of strengtli muHt- be provided for 
ftucli a contingency. Probably double the above 
thickness would not be too miicli to meet such 
a case. For practical use this m iy Ix' reduced 
to a very simple formula as follows. For a 
safe load of 1 cwt. per foot super make 
thickness in inches one -third of narrowest 
width in feet ; for 1 J cwt. a thickness of 
four-tenths ; and for 2 cwt. a thickness of 
one-half ; and for a w'arehouse to allow for 
heavy loads and rough usage, the thickness 
in inches may equal the width in feet. 


Variety. 


Flint glass 
Crown gbiSrt 
Plato glass . . 
Coininougrooir 
glass . . , 


KFNCTK OF OLASS. 


I'ltiinalo strongth lbs. 


por inc.b. 

Spofifir 

T<’nsi<»r). 

Compression. 

gravity. 

2,400 

27.500 

3 08 

2.540 

1.000 

2*52 



2*70 

1 

a 1.800 

2*53 


WKUniT 

OF 

GLASS. 

Green glass 

1C5 

13 111. por cub. it. 

Bottle glass 

I 170 

•81 

Wliitoginsh 

; 180 

•75 

Flint glass 

208 

'Of. 


stroteb to five times its length without break- 
ing. 

Pure caoutchouc, free from all foreign matter 
except the siilidnir necessaiy for its vulcanisa- 
tion, should stretch sdVen times its length 
without breaking. 

The extension measured immediately after 
rupture should not exceed 12 per cent, of the 
original length of the test-piece. Tho test- 
pieces should be from J in, to .J in. wide, and not 
more than \ in. thick and 1| in. long. 

The percentage of ash gives a certain indica- 
tion of the degree of softness, and may form a 
basis for the choice b(‘tween different qualities 
for certain purposes. (Vladimiroff.) 

Suggested Practical Tests. Three 
tost -pieces shall be out, each 2 in. x 2 in. x 1 in. 

1. This piece shall float in fresh water, and 
retained for future reference with the date 

and name of maker written upon it in ink. 

2. This piece shall bo scrcAvod up between 
twT) plates to a thickness of ^ in. and left in a 
temperature between .^0' and 7(1’ P. for 24 
hours ; the permfinent set oi* loss of thickness 
one hour after release shall not exceed 12^ per 
cent. - I in. 

3. This piece .shall suffer 10,000 machine 
blow.s at the rate of 120 per min., each com-* 
pressing it to J in. thickne.ss, with a permanent 
SAt not exceeding 12 J per cent., and without 
cracking at the edges. 

Indianibher w'ashcr.s arc used to form a 
closing .s])ring on thc^ spindles of mushroom 
clack valves. By cxjwriment the> 
compress one- third of their thick- 
ness in ordinary work, and the 
same amount (.)f compression is 
obtained by a direct load of 1 J cwt. 
per square inch on the India- 
riibbcF*. 

(Intta-pcreha used for rings 
in the joints of hydraulic pres- 
sure pipes .should become plastic 
at 150^ F. 

T esting Pitch. Owing to the 
exti'nsivc removal of the oils from 
coal-tar pitch, it is very frequently 
milch too brittle, and requires a 
larger proportion of creosote oil to 
be mixed w-ith it than formerly to 
bring it to the proper consistency 
for use. When used as grouting 
for granite pitchers for road pav- 
ing, the addition of creosote oil 
varies from 25 to 05 gallons per 
ton of pitch, according to its 
quality, and rather more for wood 
block paving. A test of pitch of 
the proper quality is as rolloWS. 

“ The pitch, when immersed in . 
water for five minutes at a tem- 
)>erature of (30° C. (140° F.), 



Toting Indiarubber. Tndiarubber, for 
mechanical uses, should not give the slightest 
sign of superficial cracks on being Ix'nt to an 104. machine shall twist without breaking, aild 
angle of 180° after five hours’ exposure in for testing melt at 100° to 115° C. (212° to 
a closed air-.bath to a temperature of 257° F. yarn and 230° F.). It must remain hard 
The test pieces should be about 2| in. thick. fibres at tho normal temperaturet aiid 
Rubber containing not more than 50 per be capable of carriage in bulk. Its fracture 
cent, hy^ weijg^it .Of metallic oxides should must be dead black, a.:d not greasy; to the 
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touch ; It muftt he free from water, earth, and 
other substances not found in the disUllatiou of 
tar.” (Holt.) 

Strength of Bolts. Fur stnudural work, 
bolts may be strained to .‘i tons per scpiare ineli 
of minimum section, l)ut bolts in maeliinery 
subject to varying loads should not lie straiiual 
to more than 2 tons per sfpiare inch of ininiinuin 
Rt>ction. A holt I in. dianiet(‘i-. being ■HI in. 
diameter or ’55 sq. in. area at bottom of thread, 
■will take no more tlian (say ) 2.tM)b II)., inrluding 
initial .strain in screwing )ip. 

Let d - outside diameter of thread in ineh(‘s ; 
2,000 d- — safe load in lb. for I in. bolts and 
upwards ; 2,000 d* - safe loatl in lb. for I in, 
bolts and under. 

The ordinary force ti.sed in sen^wing up bolts 
is liable to break a 2 in. bolt and seriously injure 
a .J in. bolt ; henet; bolts for joints re(pnring to 
b(‘ tightly screwed up sliould not be less than 
:l in. in diameter. 

The approximate area of Whitworth bolts at 
bottom of thread - diameter of bolt in (dgliths 
of an inch x (diameter in eighths of an inch - 1) 
s 100. 

Whitworth Standard Bolts and Nuts. 

The Whitworth standard thr(‘ad is a V- 
thread with an angle of 55 degrees, the depth 
e(|ual to 64 per cent, of the pitch and one-sixth 
of the depth rounded off at top and bottom. It 
is now universally used l)y English engineers, 
whereas formerly each manufacturer created Itis 
own standard, so that the nuts made by oru^ 
would not fit the bolts made by another. The 
thickness of the nut is made o(iual to th(‘ 
diameter of the holt arid the thickness of the 
head is made thn'c-fourths of the diauK^ter. 'Phe 
adjoining table gives the proportions, and a 
stamlard engineers’ holt is shown in 108 

Bolts for Steam Cylinders. When 
bolts and nuts an* used in eonneetion with steam 
tnachinery it is iieo(‘ssary to use more caution. 
The following are tlie usual rules (Unwin). 

Persq. in. 
n(‘t area 

(a) Bolts not requiring to hcj 
tightened before load is applied, I Safe load 
also (r) when cylinder exceeds 60 | 6.000 11). 

in. diameter. J 


Per sq. in. 
net area. 

(h) Bolts arourat(‘ly lifted aiKh 
requiring to he tightened moder- 1 Safe load 
ately. also (r) when cylinder ex* j 4, (KM) lb. 

eeeds 20 in. diameter / 

(<•) IMts us,-, I to , I, •,,,«• joints! f 
steam-tight and resist the pressun* 
in atldition I 


For Mange studs the rul(\s are: for small 
cylinders allow 2.700 lb. per sqare inch of net 
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(over 18 in. diameter) allow 5,0(K) lb. per square 
inch of m*t section. 

Carpenters’ Bolts. Tlu* standardisation 
of bolts has not yet (piite reached to those 
for carpenters’ usi*. but there is every reason wliy 
it should he eff(‘eted. IMueh ignorance of the 
functions and strength of holts is ofti'U dis- 
played in heavy timber work, where it is 
essential that good judgnu'nt, should ho 
slio\i n. 

The |)roportions adofited by the Avriter for 
inany^ years and found lo work Avell in practic’e. 
are giv(*u on the next p igt*. 
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PROPORTIONS OF BOLTS, NUTS AND 
WASHERS TN CARPENTRAL 


TlucknoftR of nut . . . . 1 diamctor of b<ilt, 

ThioknoRrf of head .... ^ „ 

Dismotei* of liead or nut 

over Huloft „ 

Side of Sfjuaro wnslier for 

fir 31 

Side of Sfjuurc washer for [ 

o«k i 2i 

Thioknm of washer • • | i j, 

When the nuts are let in flush in fir. fhe 
washers should ho tho same size as for oak. 

Tho greatest working load on holts in tension 
may he taken as 1-in. holt for 1 J tons, I j -in. holt 
for tons, IJ in. holt for 3.\ tons. 

A carpenter's holt with nut and washers of 
the above proportions is shown in 107. 

Strength of Springs. Tho strerngth of 
flat or slightly curved carriage or railway springs 
in several plates or leaves is given by the formula 

d = 1'64 X , ‘ . where d -- deflection in 

h{nV) 

sixteenths of an inch per ton of load, .s* - span 
in inches, h -= breadth in inches, t — thickness 
of leaves in sixteenths of an inch, ii - number 
of leaves. 

The strength of spiral springs is given by the 
formula W — where W - weight to he 

applied in lb., n -- elTcctive niitnher of e(»ils, 
generally two less than apparent number in 
• springs for compression, owing to the flattening 
01 the ends to form a base, e ~ compression or 
extension of one coil in inches, according to 
requirements, d- diameter, or side of square of 
steol composing spring, in sixteenths of an inch, 
c constant found by experiment, which may 
bo taken as 22 for round steel and 20 for .s(juare 
.steel, D -- mean diameter of coil, say: ciglit 
times diameter of steel. 

Strength of Pipes. A common rule for, 
the strength of cast-iron ]>ipe« for water mains 
is < “ J »Jd^ wlmre t --- thickness and d - inter- 
nal diameter, both in inches. The writer's rule for 
hydraulic pressure pipes working up to 7o0 or 

1,000 lb. per square inch is / i- 

where t — thickness, d — internal diameter, both 
in inches, p — working pressure in lb. per square 
inch. If to be used for steam -pipes, the same 
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SPECIFIC GRAVITY AND WEIGHT OF 
COMMON SUBSTANCES 
NOT PREVIOUSLY GIVEN. 


Name. < i 

' I 

Specific 

Gravity. 

Weight lb. 
per 

j cubic foot. 

Amber • 

109 

67 

ArIw'r 


37 

Asplialti . . , . 

2*5 

106 

lieeswax 

06 

68 to 62 

Bitumen 

1 *06 

62 

Books 

— 

1 it) 

Camphor 

•09 

62 

Charcoal, animal .| 

•80 


from l>ircli| 

— 

.34 

„ fir ! 

— 

28 

.. oak 1 

— 

21 

,, pino 

— 

18 

t.’lay , 

1 -9 

120 to 136 

., potloi-M* . . ..i 


120 

C<uil, Hutliiucitc 

1-53 

95 

,, Ncwcaatlc 

1-27 

79 

Coke ' 

•744 

46 to 47 

,, anliil 


60 

Earth 

i r>2 to 2 0 

70 to 126 

Emery 


250 

Flint ' 

2 • 59 

162 

Gruvcl, course 

— 

120 

„ Hnc 


112 

( Jiitta juM'cha . . . . ' 

•00 to -ooo 

60 to 61 

Cv)>suin 

k*o 

2 •20 

140 to 143 

*02 i 

58 

India! uhher .. 

*01 5 to *9.3 

58 to 62 

1 voi*v 

'1-82 to 1-91 , 

lU to 120 

Mari ! 

- 

120 

Maaoniy, flint . . 

— 

148 

,, nibble ..| 

— 1 

140 

Mica j 


178 

Peat, diy .. .. 

— i 

55 

Pitch . . . . . . 1 

1-09 to 1*15 1 

60 to 72 

JMaslcr of Paris 

1 ‘iO i 

80 

Plumbago 

2*68 1 

140 

Poz/.olana 


170 

Pumice stone 

i 

67 

Resin 

1 -2 j 

— , 

Sand, pit (fin(‘) 


95 

,, ,, (coarse) 

; 

100 

,, (juartz 

2'()5lo2*75 

166 to 171 

,, n\er 

1 -88 

117 to 118 

.. Thames 

r 04 

102 

Sliingle 

1-42 : 

88 to 95 

Snow 

1 

6 t > 12 

Straw, thatch 


3*5 

Tallow 

*92 to *94 i 

59 

Tar 

102 j 

63 

Terra-cotl a 

- 1 

122 

Tile, common 

1-81 to 1-85 ! 

112 to 115 


formula holds good with tho addition of J in. 
to tho thickness. Lord Armstrong’s rule 



for pipes in connection with 
his hydraulic machinery was 
/ = id + 25. ^ 

Strength of Hydraulic 
Cylinders. The obmiaon 
rule is thickness of castdroii 
cylinder equal to radius of 
bore, and this is Bappo.sed to ' 
be safe with an internal 
pressure of 3 tons per square 
inch, but it isrealfynot safe 
at more than 2 to^ per * 
square inch , with^ ordinary 
metal. 

Continued , 
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rapid alteration. The study of comparative 
religions proves this admirably, and iliust rates 
the effect of religious systems of teaching upon 
the power of making mental acquirements. The 
progress of nations is one of the irapioveincnt 
of external advantages, so that the natural 
capacity for making acquirements is given its 
opportunity. It is only in these capacities for 
gaining and using the acquirements of the mind 
that races differ to any great i‘Ktent. It must 
be remembered that acapiired characters art' 
liable tt) he changed for a wliole race in a very 
short time, as is seen in such cast's as tin* Japanese 
and the Maories, the latter t)f whom in a singh' 
generation have bccomt^ civilised from savage. 

The Influence of Religion. S.ysicms 
of religion and systems of teaching arc of 
the most vital importance in directing anti 
giving ttpportiinity ft)r advance in mi'ntal 
capacity, (luriously enough, almost all religions 
have tended to rt'strain the instimd. of curiosity, 
which is the main stimulus tt) intelleetual 
acquirements. 'Che evt)lution of civilisation is 
always parallel to that of the religion associatetl 
with it, ht'cause of the effect tlu^ religion has 
upon the possibility of mental devt'lopment. 
The latter i.s just what tht? rt'ligit)n of tlic rat't' 
permits, and if a race has several religions it 
will also exhibit several degrees of civilisation 
corresponding to them, 

rt is the method of teaohitig that is all im* 
portant, not so much what is taugid. ft is 
bccaaso the adherents of ('very religion have 
at one period or another upluJd some untrin 
beliefs that th(' world has seen such conflicts 
between religion and science. So far as a nhrid 
is taught to hold belief.^ in an unthinking, 
unreasoning way, so far is that mind prevented 
fiX)m developing its capacity for aetjuiring 
knowledge. It makes no dilTen'iice Avlietlu'r 
the b(jlief is true or false, the effect upon the 
mind is the same. Wlu'reas, if the mind h(' 
trained to discriminate, if reasons are given 
before deductions tire drawn, then it makes hut 
little difference whether tlu* d('diU!tion be true 
or false. If true, well and good. If fals(‘, tlu* 
mind thus taught will sooner or later so develop 
as to discover the falseness, and little harm 
is done. Knowledge without the power of 
drawing inferences is useless. 

The Source of Racial Differences. 
It Avill he found on irnpiiry that most racial 
differences can be traced to those sources, the 
methods of teaching of religious systems. 
Keligions taught in sueli a way as to pri'pare 
the minds for making still further acquisitions 
will be found along with progressive civilisa- 
tions in which great men arise. Religions 
taught in such a way that they are held us 
superstitions, whether true or false jiiatters not, 
will .be associated with civilisations which will 
bo mere instruments of liurnan suppression. 
Few great men will arise in such communities, 
and if they did they ivould not be recognised 
by'-minds untrained to make acquirements. 

New ton would have been ignored during the 
Dark Ages, Darwin would have been burnt. 
Unless thj mind is not only free, but taught to 
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make all the acquirements of which it is capable, 
the end is intellectual stagnation, the result of 
a mental immorality. 

Training as a 'Factor in Evolution. 

Racial mental characters an* much more the 
result of training than of inheritance, and since 
races are simply numbers of individuals wdio aie 
trained.it is obvious that systems of training are 
most f)oti‘nt factors in the mental evolution of 
;my given race*. Tht* inborn c]ijiractcri.stic8 of a 
laec an* so di.sgniscd by the a(*(|iiircd characters 
that it is difficult to detect them at all as far as 
tin* ni'md is concerned. And what is true of 
religious teaching is trne of scholastic teacffiing. 
\V<* havt* lai(I’str(*ss upon the point here because 
it is so little* realised that intelleetual progress 
is a matter which can be attained in leaps and 
hounds by the adoption of .scientitie methods 
of t ('aching. J’hi* thing has be(*n done in some 
races. It could be n'peated again and again 
in any nation wliich would study the problem 
of how to t'volve itself nu'iitally. 

(Jnce mor(‘ wc (otiic (o a pioblemof which w'e 
hear much, and whicli is again a matter of evolu- 
tion and heredity. After all that has been said as 
to the coiirst* of organic (‘volution w(* ought to 
lune some ek'arer ideas iq on the matter. 
Unfortunately, ignorance of tin* true factors of 
national physical evolution is still rampant, 
and (*ven where knowledge is.tln've is apathy in 
its application. It is popularly believed that 
a(lvers(‘ conditions of tlie parents, such as 
ill-h<‘alth. diseas(‘. int(‘ni]M‘ranee. want, hard- 
ship, had liygi('ni(* ( ondit ions, and so forth, are 
the caiises of a deg<‘nerate and deteriorated 
offspring. W'v have shown that this is not the 
east*, and that, if it were, all rae(‘s under such 
ad verst* conditions would Ijcconn* more and 
more tlegencratc until tlu'y wt're elin)inatt*d. 

Can the Race be Improved ? Students 
of biology and heredity, however, Ixjliove 
that racial physical improvt‘mi‘nt is thie to 
nattiral selection of the fittest to survive, 
which implies that adv(*rse conditions eliminate 
the unfit. 'riit'V maintain that tin* children of 
the slums are iIl-deveIo[K‘d, not heeause their 
))art'nts wt'n* exposed to the slum conditions, 
hut because the children themselves ai'c exposetl 
to them. 'Tht'}’ are not allowed by their <‘n* 
vinmment to aecpnre the characters they other- 
wise would do. No race can Im* showm to have 
dt'generaled from distuise to which it has been 
long ex[>osed ; on tht* contrary, it becomes 
mort* and more immunt* or resistant. The 
]>eculiar characters of the inhabitants of (Towded 
districts are due to their acquirements, and are 
not inborn, and in order to improve the indi- 
vidual all that is iiecessaiy is to sec that he has 
the opportunity of making the acquirements of 
which he is caj>ahle. But let no one be deceived 
into thinking that by such means the race will 
be improved as a tv hole. Tliat can be done 
only by devoting attention to inborn germinal 
characters Avhich are inherited. Science has 
shown the way, as Mr. Bateson says ; so far, no 
one. proposes to take it. 

We may close this portion of our study of 
heredity and evolution with another passage from 



>Ir. Batesc»i, words which deserve to bo care- 
fully digested by those to whom t he welfare of 
the race is an object of care. Tliey ar(‘ full of 
moaning for the philanthropist and social 
reformer, as well as for the scicii title student of 
biology. 

Mr. Bateson, addressing the Zoological Section 
of the British Association at t^inibridge, said : 

Wo may truly say that ( ven our ])rcscni 
knowledge of heredity, limited as it is, will be 
found of extraordinary use. . . . Br<H‘ding is 
the greatest industry to which scicnc<‘ has never 
yet been applied. This strange anomaly is over ; 
and, so far at least as fixation, or purification of 
iyj)e8 is concerned, the breedtu* of plants and 
animals may henceforth guide Iiis op<‘rations 
with a great measure of certainty." 

Can We Exterminate Vice ? “ 'Phore 

are others, who look to the science of heredity 
with a loftier aspiration, who ask. fan any of 
this be used to help those who come after us to 
be better than we are — healthier, w iser, or more 
worthy? The answer depends upon the meaning 
of the question. On the one liand, it is certain I hat 
acompetent breeder endowed with full powers, by 
the aid even of our present knowledge, coidd, in a 
few generations, breed out several of the morbitl 
diatheses. As we have got rid of rabies and 
pleuro-pneumonia, so w(‘ could ext(*nniuato the 
simpler vices. . . . 8in\ilarly, a race may con- 
ceivably be bred trm^ to sonic physical and intel- 
lectual characters considered good. 'Phe positive 
side of the problem is less hopeful, l)ut the 
various species of mankind aft’or<l ample material. 
In this sense science already suggc'sts the way. 
No one, however, proposes to take it ; and so 
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long as, ill our actual laws of breeding, siqier- 
stition remains the guide of nations, rising evt r 
fresh and unhurt from the assaults of knowledge, 
there is nothing to ho])c or fear from these 
sciences.’' 

Transmission Unalterable. But if, 

as is usual, the philanthropist is seeking for 
some external ajiplieatlon by which to amelio- 
rate the course of descent, knowledge of heredity 
cannot, help him. The answer to his ques- 
tion is no, almost without qualitieation. Wc'; 
have no ex[)eiifiiee of any means by which 
transmission may he made to deviate from its 
course, nor from the moment of fertilisation can 
te;u‘hing, or hygiene, or exhortation pick out 
the particles of evil in that 7ygot(‘, or put in one 
piiiiele of good, b'rom seeds in the same pod 
may come sweet-peas climbing five feet high, 
while their own brothers lic^ prone upon the 
ground. 'J’he stick will not make the dwarf 
peas climb, tliough without it the tall can never 
rise. Kdu(‘aliou sanitation, and the rest are 
but the giving or wilbbolding of opportunity." 

Ft is quite true that you cannot make a silk 
purse out of a soiv’s ear, but you can give the 
sow's ear the eliance of doing the very best work 
of which a sow's ear is eapaf)le. 'Phat is all that 
education, social reform, indeed any environ- 
ment. can accomjdish for the individual. But, 
from a national standpoint, it is more than has 
ever been done yet. 

And hme, for the moment, we must leave 
tile evolution of man t.o turn our attention to 
him as he is seen in the races of the world, and 
then in the pKy(‘hological and psychical parts of 
his nature. 


Continued 
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BONES. JOINTS, AND MUSCLES 
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Number, Position, and Form cf the Bones of the Limbs. How the Various 

Cirtiliininl fr«>iu 

MiUi 

Bones are Jointed. Structure of Voluntary and Involuntary Muscles 


By Dr. A. T SCHOFIELD 


The Arm. Tho Arm contains .‘JO bones, 
and is divided into three parts : 'J'he uppiT-arm, 
with one bone ; the fon'aim. with two boties: 
and the hancJ and Avrist, with 27. 

'Pho ftumerus [90] (Latin humnufi, shoulder) 
is the name of the arm- bone. It has a rounded 
liead above, tiltinj; into the socket in the 
shoulder-blade, whieh is so very shallow' that 
the shoulder is easily put out of joint— ten 
times as frequently as any otluu’ ))one in the 
body, Tt is so shallow in order to alhnv free 
movement of tJ»c arm in ev(‘ry din'ction. The 
lower end of the humerus is broad, and shaped 
like a door hinge. 

The Ulna is so called because* it forms the 
elbow', and is the inner bom* of tlu* forearm. 
Tt has a broad socket above, (‘xactly fitting 
into the end of the hurm rus, and forms a strong 
hinge-joint ; it is ])ointcd 1k‘1ow'. The end of 
the ulna, which makes the ti]) of the (*lbow, 
locks into the humerus wh(‘n it is exti nded 
and thus prevents the arm from folding 
baelcAvards. 

Bones of the Forearm. The Radius 
(Latin radius, a spoke) is the outer bone of the 
forearm. It is narrow above and broad below', 
where it joins the Avrist and carries the hand. 
This bone moves above and beloAv in t wo strong 
rings that join it to the ulna and enable it to 
turn round it. If you place' one of your fore- 
arms and the back of the hand on a table, 
the radius is the outer hone and the ulna tlie 
inner. Noav, without raising the arm or moving 
the elboAV you can 
turn the hand right 
over, palm doAvn- 
Avards, and you 
can see and foc'l the 
radius turning over 
the ulna, Avhi<‘ii has 
never mo\‘('d at all. 

Kememher the 
radius turns^ and 
fonns the urisl 
johit ; the vlna is 
fixed, and forms the 
elbow joinl. The 
elbow joint i.i 
twisted a little in- 
wards, so that the 
forearm docs not fold straight on to the arm, but 
centrally, towards the mouth, Avhere it is much 
more useful, as Ave very seldom put our liand 
on the shoulder of the same side, but often 
use it to carry food to the mouth. . 

Bones of the Hand. The Hand may l>e 
divided into thiw parts: The mist, whieh has 
eight the hand, Avhich has five bones; 

1708 ; 


and tlie fingers, Avlucli liave 14 bones. 
'Phe hoiu's of tlie wTi.st are short and square 
and are all so united by fibrous tissue that 
each can bend slightly, and they thus mak(i 
llexihle but very strong joints. They arc called 
carpal hone's (Latin cur pus, a Avrist). 

The hand is foimed of five bones, W'hich can 
be felt along the back of a thin hand; they arc 
called metacarpal ((ircek 7neta, beyond; carpus, 
Avrist). 

The fourteen bones of the fingers arc called 
phalang(‘.s ((h‘e(*k phuhinx, a rank), because 
tlu'v stand in rows, like so many soldiers ; three 
form (‘aeli lingt'r, and tAVo form the thumb. 

The use of i\o many bones is not only to give 
every possible variety of movement, but to 
give great resistance* to any bhnv or shock, as 
in falling on the hands. 

Bones of the Legs. The Hips [89] are 
constructed of four hones Avhieh, joined together, 
mak(' AA’hat is called the pelvis, or basin, because 
it is like a basin with the bottom out. The 
four bone.s ar(‘ tin* sarnnn and coccyx, forming 
the base of the spine behind, and the two hip 
hones {vaWi'd ossa innominata,OY nameless bones), 
one at each side, which meet in front. This 
basin holds and HU];ports the lower organs nf 
the body, aiul is broader and stronger in man 
than ill any animal, in order to maintain Jiis 
upi’ight position. 

'I'he two very (!('(*}) enps or sockets on tlie outer 
side of tlu* hip hones are for the heads of the 
thigh-hoiu's. 

The Legs are divided into three parts, like the 
arms, and composed of exact ly tlie same number 
of hones, only that, as the bone that corre- 
sponds to the t ij) of tlu* elbow, and forms the fiont 
of tlu* knee, is s(*j)arate, w'c count one for the 
thigh, thret* for the leg instead of two, and 2(i 
for tlu* foot instead of 27, because there are 
only seven bones in tlu* ankle, and instep. 

The Femur [90]. or thigh-bone, is the longest 
and strongest bone in the body, and longyr iri 
proportion than that of any other animal. 
The head of this bone is very round, and fits 
Jirmly into the deep eup of the hip-bone, so that, 
while the leg cannot move so freely as the arm- 
bone, it is much Jess likely to bo dislocated. 
The lower end of the bone is broad and flat to 
form the kiu*c. 

The Tibia (90) or flute- bone, is the largo bone 
of the leg. Unlike the ulna in the arm, which 
only forms one joint, it not only forms the knee 
joint above, but the ankle joint below. You 
can trace it all along, just under the skin, where 
it is called tho shin. 

The Fibula (or buckle bone) is so called because 



89. FRONT VIEW’ OF J'KLVIS 

1. Hai'vuin »»f flvt* vertuUm* 

2. Oorry\ of four vortflu'a 
3- Tniiorniiinte, or hip Iioiu* 

4. Ac't'tjiltuliuu, <n’ socket for liojul 

of feiiiiir 

5. Fifth lumbar vortel.in 





the knee buckle used to be worn over it, on the 
outer side of the leg. It is a long, thin bone, 
fixed at the outer side of the tibia, and corre- 

r nda to the radiun in the arm, but, unlike it, 
s not form the lower joint, but only protects 
the outer aide of it. Neither can it turn round 
the other bone, for we do not requirt; to turn 
our feet over, as we do our hands. The Patella, 
or knee cap. is a small bone that protects the 
front of the knee joint. 

Bones of the Foot. The Foot has 2d 
bones, and may be divided into ankle, foot, and 
toes. 

The Ankle (and instep) is formed of seven 
short, strong tarsal bones, much larger than 
the carpal bones of the hand ; one of them 
forms the heel, the others make up the beautiful 
areh of the foot eallod the instej). The foot is 
formed, like, the hand, of flvti long hones, ealle<l 
metatarsal. TJm toes are called phalange.*; 
like the finger bones, and are also 14 in number. 

Wo will now compare the arm witli the leg 
[90], and you will see that though there is a general 
correspondence, there are radical dilYeiv'iiees, .so 
that in no sense is the arm a sort of fore* leg. The 
bones are all smaller and shorter in the arm;., 
the joints are much weaker and more flexible. 
The shoulder and hiji joint.s are both formed on 
the same principle, and yet one is almost the 
weakest joint in the body and the otlier one 
of the strongest. The knee and elbow differ 
still more ; the former b<‘ing entirely made fm 
supporting weight on its broad, flat stirface, 
tlio latter for the easy movement of a door on 
its hinges. The ankle and wrist arc entirely 
different jointft ; tlie wrist is made for limited 
but firm movements in all directions, the ankle 
for the foot to move, as the (4 bow does, up and 
down like a hinge. Tlien, as we have seen, the 
hand can be turned ov(^r l)aekwards or forwards ; 
the foot, of course, cannot. The heel in the foot, 
formed of one of the strongest hones of the ankle, 
has no counterpart in the hand. 

How the Bones are Jointed. We 

now turn to consider joints, which really art: 
the limges on which the hones 
move. The ends of the hones 
composing a joint are smooth, 
enlarged^ and rounded so as to 91. SECTION OF A 
fit, more or less closely, into one movahi.e joint 
another. The bone ituelf, near h 
Uie joint, ie all hard, compact 1; JiyjSr 
tissue, and is covered with a inane niieti 
smooth layer of cartila^. " 
bones are united by a fibrous capsule attaeluul 
round each and lined with a fine membrane 
{called synovial mtmbrane) which ecietes a 
lubricating fluid (like the white of an egg) called 
synovia. The joints are often strengthened by 
various bands and ligaments. 

All the different bones .of the body are con- 
nected by joints, or articulations of some sort. 

These joints, or hinges, are of three varieties: 
Immovable, partly movable, and movable. 

I. Imniovable joints are formed by the 
joining of two hones together in such a way tfiat 
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they practically become one. The separate 
bones of tiu? head and face are all thus united, 
except the lo\ver jaw-bone, which is the only 
one tliat has a movable joint. The bones of the 
skull have edges like a saw, which lock into 
ea(‘h other, leaving just a line, whore they wen^ 

once divided. 
The teeth are 
also lirmly fixed 
in the jaw, and 
l annotniove till 
they fall out. 

2. Jn partly 
movable' joints, 
the lumesdonot 
absolutely unite, 
l)ut are covered, 
wher(i they join, 
with a little 
gristle, and are 
bound together 
by strong bands 
that Hx them 
very fii mly, but 
just allow the 
least possible 
movement on 
eaeh other. It 
is in this way 
that the hip- 
bones are joined 
to form tlio 
jielvis, and the 
vertebra' to 
form the spine, 
'riic hones of 
the ankle and 
wilst are joined 
In the .‘<amo 
manner. 

3. Movable joints (91). Here the ends of the 
bones are expanded and inaile to fit each other, 
frequently in the shape (>f a. eup and ball. They 
are eonstructed in tlie way we have already 
described. 



90. BONE.S OF THE LEFT ARM 
AND LK<} COMPARED 
lx. Clavidt* Ixx. Scapula 1. Sitl 
ot' pelvic 2x. llunuTUs 2. Keiuu 
3. Pattella AX. t Imi 4. Tibia 
6x. KaUiiiH. 5. Fibula. 6x. Carpus 
6. Tarsus 7x. Metanii'iuis 7. Meta* 
tarsuH 8x. PhalauM:fS F. Plialnujfes 


These movable joints are of four distinct 
varietie,s, the hall-arid soeket joint, the hinge 
joint, the gliding joint, and the pivot joint. 

Tlie ball -and- nor kH joint rest m hies a ball 
fixed in a eup so as to move freely any way. 
'Phis is seen at the shoulder and hip [92]. 

In th(^ hinya joint one surfaci' is fitted 
into the other, so that the hone can only move 
backAvavds and forwards, like a door on ita 
hinge. Wc find this at the elbow and knuckles 
of the fingers. 

Jn the gliding joint, one bone slides on 
another freely, as at the end.s of the collar-bonb* 
in some of the wrist and ankle bones, and in the 
knee joint. 

Jn the yivot joint a pivot works in a 
ring, like the hinge on some iron gates. It is 
found at the top of the radius, where the Imne 
turns in a librous ring ; and in the atlas and axis, 
where the one forms the ring and the other, the 
pivot, enabling the head to turn from side to 
side. 


1709 



PHYSIOLOGY 

All the joints of the head, as we have H‘en, 
are fixed joints, except tiie lower jaw. which 
alone cun move. This is both a sliding and hinge 
joint, and sometimes, if we yawn or gape too 
much, it slides out of its socket, and our mouth 
is fixed wide open, tin* 
jaw being said to be dh- 
located, or out of joint 

We have shown tluit 
nodding m a .sliding 
action between the head 
mid the atlas, atal that 
.shaking the head, is a 
ring • and - pivot nation 
hftween the atla.s and. a.,ri.s. 

All the ribs arc binged 
on to the vertebra' so as 
to move up and demn 
in breathing like the 
handle of a bucket. 

Movements of the Arm and Foot. 
The arm l)eing fixed at the shoulder in a. 
loose ball-aad-ooekct joint, is capable of eir- 
eumduction, or movement round in both direr- 
tion.s. 

'fhe elbow, being only a hinge joint, can. of 
coxirse, only move two ways— backwards and 
forwards. TJie joint at the knuckh's of the hand 
(not of the fingers) is a peculiar one [93), and is 
sha|KHi like a saddle. Y ou can spread your fi ng<‘rs 
and move them sideways, as well as move tln'm 
backwards and forwards, just as in a saddle 
you can rock in your scat from side to side, 
as wxdl as backw'ards and forwards. So that 
these joints are not ball-and-socket joints, 
and w’ill not move all ways, like the shoulder : 
nor are they merely hinge joints, like the knuckles, 
of the fingers, which only move backwanls and 
forw^ards, tint arc a .sort of double hinge, allowing 
a side movement as w’cll. 

'flic foot and toes arc on the same pattern as 
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WITH WEAK A( ll) 

1. Wn.sciilnv lilullljr 2. TniiH\ fr.se .si 3. Lon^'i- 
tliilinnl 4. Saiv<jlfmiiiJi cells 6. 'JTaiisver.se 

eli Ji\ny:e 6. Sui' nii.'s t leiiieul.s 

the Hand, but do not move nearly so freely, 
'fhe joint of the big toe is oftim dislocated by 
ilbahaped bools, wdiicli press it loo iiiueli 
outw:ard5i towards the other toes. 

" We have seen tliat the pleura between the 
lungs and ribs forms a sort of joint, since one 
>^urfaco of the closed bag glides on the other, and 
in the same way the pericardium round the 
heart and the peritoneum, round the digestive 
organs also resemble joints ; so that rheumatism, 
wdiich ahvays attacks the joints, often settles 
here, as well as in the limbs. 

The hip is a very strong ball-and-socket joint, 
and the only things that prevent the thigh 
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moving in all directions are the strong bands 
that are attached around it. 

The knee, having only two flat siirfaoes. looks 
as if it could easily he put out of joint, but 
really it is a very strong joint, as the two bones 
not merely glide on each other, but arc firmly 
united togetber by two very strong bands 
of fibre in the middle of the joint, passing from 
one bone to tlie other in the form of a cros.s, 
and hence (‘ailed the crucial ligaments. This 
joint is also ruotectod by strong muscles all 
round. 

Till* ankle joint i.s a hinge joint of very strong 
const iTiei ion. 

Muscles and their Use. We have 
now' to consider the muscles, that contractive 
tissiii^ wliielx is the agent of all movement. 
We will look at th(‘ir vaiietie-s, structure, 
and chemical ('omposition. and the functions 
thi'y perforin .Muscles derive their name 
from m u .s c u I u s (Latin), a 
little mouse, because, being 
pointi‘d at both ends and 
liroad in the middh*, they 
r.'scmble one. All liesh is 
nuisele, and all museli^ is called 
flesh. 'Pile mu.selcs arc not in 
I lie llcsh, theg are the flc.sh. Kaeh 
muscle is separate from thi'rcst, 
and thcrir are about five hun- 
dred of them in the body - 
•2r»() pairs and five single muscles. 
They eovcu- all the l>ones, and 
are covered tliemselves by the 
fat and skin, as can plainly bo 
93. 'MKitD AM. il you till' anil. ‘Thi' 

i.l'iTi.K i''iNi:i:ii lli''i'ofoi'c. doi's not cowr 

OF LEFT irv.NiV i^olid Iciyi'r, but 

siiowiNo CON- i^ eompos('(l of many ^tepa rate 
NEcTiNo lk; V- Placli muselc is cu- 
.m knt clos('d in a smooth, glistening 

slicath that separates it from 
the next, as you can sometimes clearly see in a 
leg of mutton. But although muscles I'over, 
strengthen, and support the body, their principal 
use is to tnable us to move. No movement 
can take place without a joint that can movu\ 
and a muscle fo move it. Muscles arc of all 
si/.es. There are very strong ones in the. arms, 
and still stronger ones in the li'gt;. The longe.st 
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NERVE ENDING 

1. StrlpeU at n-st 2 StrijH'd inii.<«elu rlnriiijiC con- 

Inu-tioii AFotoi’ ncrvi! 4 , Nerve emi 

5 . Nuclei in end i»lntf • 6- Suvcoleiiimiv cells! 

muscle in the body is nearly 2 ft. long, and 
reaches from the "hip to the inside of the 
leg Ik'Iow the knee ; is called the sartorius, or 
tailor s m u.scle, because it draw s the leg up 
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when sitting cross-legged like a tailor. Tlio 
smallest muscle is only J in. long, and is 
in the ear. There are about 150 musoles in the 
back alone to keep the .spine erect, and these 
are of groat importance. The muscles that 
form the front of the abdomen, where 
there arc no ribs, are just as important, 
because they have 1o prote(-‘t all the 
internal organs. "I’ho calf of tlu» leg is 
composed of mii.scles, and is connected 
with the strongest tendon in the body, 
called the Achilles tendon, jdaeed 
just at the back of the ankle, where it 
is tixod on to the heel. A muscle, Iik<; 
all other tiss\ies, increases in size ])y 
96. use, while, if it is not used, it wastes 
TRANsi- away. 

TiON Voluntary and Involuntary 

PROM Muscles. Muscles constitute 45 j)er 
STRIPRD cent, of the weight of the body, and, 
MUSCLE besides forming a large })art of the 
TO limbs, they arc used internally to 
TENDON surround canals, organs and vessels, 
eitlier to regulate their size or their 
movement, to close their oritiees, or for otheu* 
purposes. Muscles, broadly speaking, are of 
two varieties — tliQ, striped, or voluntary, and 
the unstriped, or involuntary. The former, 
under the control of the will as a whole, though 
not individually, are attached to all parts of 
the skeleton, move all the joints 
and bones, and are tlie orgams of 
locomotion. They are cohnoeted 
with the animal life and the spend- 
ing o5 force, and are set in action 
by voluntary nerve im pulses. The y 
act quickly, decidedly, and simul- 
taneously in all their parts. They 
are capable of great exertion, but 
soon get tired. They are eallccl 
.striped because under the micro- 
scope narrow bands are seen runni ng 
across them. 

The unstriped, or >moolh 
muscles, differ from these in almost 
every respect. Tliey are eoncornod 
with the vegetative side of life, or 
the building up of force, and form 
. a largo part of all the internal 
organs and tubes ; they are not 
uiider the conscious will, and 
derive their impulses from involun- 
tary, or “ sympathetic ” nerves. 

They act in a slow, gradual man- 
'ner, and never as a whole; but 
the motion spreads like a wave 
. ivom fibre to fibre in a way that 
re called vermiciildr. 
i There is a third variety of muscle, 
found only in the heart, combining 
thu characteristics of the other two. 

It is like the first in being striped, 
and in acting decisively and simultaneously, but 
resembles the second in being absolutely in- 
voluntary. ' The heart beats entirely without our 
will or Imowledge^ for by no effort can a man 
stop the beating of his own heart. This muscle 
is the busiest one in the whole body. It contracts 


the heart 70 times every minute, day and night, 
for perhaps 70 or 80 years. 

Structure of the Muscle. Turning 
now to the cemst ruction of a muscle, we .see first, 
of all by the naked evo that each muscle con- 
.sisfs of .^separate bundles, all united 
together by the oovering skin. 'Phn 
hundJes are made up of smaller 
lumdles. and thes(^ of smaller, and 
these again of separate lihres 1 94], 
which are the museh’ cells; they 
are lik<^ very sliort hairs, though 
when joined together they niuk(‘ 
up a large mus(*le. 

Muscular libres are well supplied 
with blood by mi'ans of small blood- 
\ess('ls, which give flesh or niuselo 
its led ap|M‘aranc(\ 1'he fibres 
them.seivcs are composed of a row 
of whal look like oblong blai'k and 
white beads called 
and a nerve runs (o each muscular 
fibre fj-om the brain, and is •ittaehed 
to it by a Hat. plate, something like 
that which convev^s the (dectricity in galvanic 
belt.s 1 95). 

How a Muscle Contracts. Tin? nervo- 
eiirreiit is supposed to acd like an electric shock 
on the saroous (‘Uruents that make up the 
muscle fibres, and thus makes each elemejit as 
bioad as it was long, so that tlie 
u’Jiole fibres gets at once shorter 
and wider. It is in this way that 
muscle moves, as wo see more fully 
in the next section. 

All these separate fibres are 
hound together by connective 
tissues, and all the connective 
tissue-sheaths join together at each 
(’jul of lluvin\iHele to form the firm 
while Hbrou.s band or tendon that 
unites it to the boiic.s [96]. Somc- 
tinu's, as in the groat muscles in 
the neck of a horse, by which it can 
wrinkle up its skin and shake the 
Hies off, th(^ muscle is very, thin, 
and spread out like a piece of cloth. 

Muscle is soft and tliick in the 
middle [97], and a band or tomlon 
fastens it at each end to the 
bones it has to move. 

The contraction may be imitated 
by tying a strong piece of elastic 
to the handles of a pair of .scissors. 
The handles will rej)re.seiit two 
bones ; where the scissors cross is 
the joint, and the elastic is the 
muscle that can draw the handles 
together if tliey are .stretched 
apart. 

Before a muscle acts, and while it 
is at rest, it i.s just like a strdrh&l 
baml of tape ; but the moment the nerve 
current reaches it from the brain, the muscle 
suddenly l>ecomes like a stretched band of 
indianihber. All muscular movements are 
thus produced by the current the brain has 
the power to send along the nerve, for it 
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can make the muscles like stretched bands of 
rubber. If you let your arm hang down, 
and catch hold of the middle of it with the 
other hatul, and then bend the forearm up, 
you will fe(‘l the muscles getting thicker and 
Iiarder under your hands; au 
tfmt a ymhsclf camcfi motion hy , 
becoming shorter and thicker. 

CotYiposition of Muscle. 

The general composition of 
muscle is as follows : 

Water 

Nitrogenous matter 

M uscle sugars, or starch 

Salts and ferments 

1(M)0 

Alusele is usually at rest, 
but iis each fibre has a nc*rve 



iMinning to it, the wliolo mass 
can be instantly contracted. 

The moment it is at work or 
contracted, it becomes acid. 

It uses more O and gives out 
more CO.^ to the blood, uses 
up the muscle sugar, produces 
nine units of heat for eveiy unit 
of 'work, and g(‘ts broader and 
ehorter. z\ muscle (‘an eont raet 
three-fifths its entire length, 
and only takes one -twentieth 
cf a second to do so ; but it 
soon gets tired, contracts less 
vigorously, and at last ceases 
to move. Six hours or so after 
death it begins to coagulate and 
gets rigid — the state of rigor 
moHiSf which lasts nine days. 

Exercise Strengthens 
the Muscles. A muscle 
differs from all machines in becoming stronger 
the mort? work it docs. We liave so little 
occasion to move our ears that the little 
muscles have almost lost their power of eon- 
traction for want of use. Any part of the 
body not us(*d wastes, and at last becomes 
usel(*ss. If th(‘ linger is placed in front of tin* 
ear when chewing, one can f('el the muscle of 
the lower jaw contract ; the muscles that pull 
it down can also lx? felt under the chin. At 
the back^if the neck one may feel the tAvo strong 
columns of muscle that keep tlie head erect 
ui)on the shoulders. 



99. TKKOONS 
AND MrSOLES 
OF HAND AND 
FOOT 


How the Limbs are Moved. Tlie 
shmilders themselves are b(*autifully rounded 
by large, fleshy mus('Ies that (;over tin? bony 
surfaces, and end in strong tendons iix<’d in the 
up|)er part of the arms. It is th(‘se muscles 
that raise the arm and extend it level with the 
shoulder. Then wc have strong chest -mus'des 
fixed to the arm to draw it forAvards, and strong 
muscles behind fixed to the shoulder-blade and 
arm to draAA it backwards t98J. 

All along the arm arc two sets of muscles. 
Those, in front, including the biceps, are called 
flexors^ because they bend the joints ; those 
at tlie back are called extensors. Iwcause they 


extend the joints, so that one set pulls against 
the other. For instance, if you want to bend 
the arm with tho biceps, tno triceps behind 
prevents it doubling up too easily. 

To the outer side of the elbow are fixed all 
the muscles that form the back of the forearm 
and extend the back of the hand and wrist. 
The fleshy part of tho muscle is in the upper part 
of the forearm, while the Avrist consists of all 
the tendons coming down from the muscles 
above to be fixed in the bones of the fingers 
they liave to move [99]. Jf you work the finger 
about you can see the tendons moving under 
the skin at the bairk of the hand. The one that 
goes to th(* thumb can be sciui very plainly 
if you extend the thumb far back. To the inner 
sid(‘ of the elboAV are fixed the muscjle.A that form 
th(‘ front of the fon^aru\, and He.v the front of the 
AATist and hand. Th(‘se also end in long tendons 
that run in groove.s. 'Hie middle* tendon can l»e 
very cl(‘arly seem if you touch the little finger with 
the lliuinb, and tluMi bend the wrist forwards. 

The museles over the abdonum are very 
strong and broad, though ({iiite thin. They can 
be greatly strengthened by exorcise, 'rjje 
buttocks and thighs are all formed of enormous 
museles. Avbieh move the l(‘g \n aiAy direeiion. 
1'he long tailor’s inuseU*, 2 ft. long, which is like* 
a ribbon, and reatdies from tlm hip-bone to 
below the kru'c^, ('nables us to sit cross-legged 
like th(* Japanese. Tlie museles that extend 
or straighten tin* leg arc all in front ; those that 
tl(*x, or ix'nd it are all along the back, and form 
thcicalf beloAv. 


The sole of the foot (991 is formed of four 
layers of muscles^ one below another. 

Involuntary Muscles. 8o far, Ave 
have only Hj)oken in detail of those muscles 
Avith whu'h w(' are most fainiliar, nil of which 
are .striped, and under tlie control of the Avill. 
But wc have alludiul to anothei’ sort of muscle 
that moves our internal organs and carries on 
all the piAKH's.ses of life inside us. Such rnustdes 
have 710 stripes, they an* not large, and are com- 
posed of aitog(*thcr different cell-fibres [100]. 
They form part of the Avails of the stomach 
.and intestines, and of tlie blood-vessels, bladder, 
kidni'ys and other organs, d’hey are not in any 
degr(‘c under the control of the will, but are 
governed by another nervous syst(*m altogether, 
the seat of Avhi(‘h is not the brain, but behind 
the. stomach. It is called the sym|iathetic 
system. From here fine red 
nerves stretch to all these 
unstriped and involuntary 
musek^s, which are compo.9ed 
of small, spindle-shaped cells 
•j .%0 0^ cemented 

together in masses. They are 
not striped or made in small 
TAUY^ oa SMOOTH like the striped muscle, 

but are composed of contrac- 
tile substance. Their move- 
ments appear to be spon- 
taneous. They do not get 
fatigued, and they work day and nightTinknown 
to us. 



INVOLliN 


MITSCLFS 

1. A se: ftv-itc fibre 

2. Lnyer of fibres 



Continued 



MISCELLANEOUS PROBLEMS 

Group 21 

MATHEMATICS 

Clock Problems. Time and Work, Miscellaneous Problems. 

12 

Duodecimals. Conversion of Ordinary into Duodecimal Measures 

Cnliiiimod flllMl 


By HERBERT J. ALLPORT, M.A, 

CLOCK PROBLEMS 9 a.m. on August : 

168 . Consider the motion of the hands of a eloek loses jo x 
clock. In one hour’s time the long hand goes 2 minutes, so that 
completely round tlu' dial — i.e., passes ov(‘r clock ])oints to }■ 
sixty minute-spaees, whiles the short hand only minutes ahead of t 


passes over five minute-spa»*.es. Thus the long 
hand passes over (iO-o, /.e., 55 more spaet's 
in an hour than the short hand do(‘s. 

Example 1. At what time hetw('en 1 and 2 
o'clock are the hands of a clock direc^tly op})osite 
one another ? 

At I o'(il(>ek the long hand is 5 minutc^s 
behind the short hand. ^V’^h(‘n lh(^ hands aA* 
opposite, the long hand will be 'M) niinutes aliml 
of the short hand. 

TluTcfore, the long hand must gain 5 l 50 
- 55 sjMioos on the short hand. Hut it gains 
55 spaces in (50 minutes. Ileiuu* w<' have the 
})ro]K)rti()n 

55 : 55 !! (50 iuinu(<'s : n'fpiiriHl time. 

’riuTcfore. 'rime 


ou X .,o • • i. I i 

~ ^ 58,-, mm. past I /lw.s\ 

11 

Exam])lo 2. When will th<‘. hands be; at right 
angles, bidwctui 4 and 5 o’clock V 

At 4 o'(‘lock the long hand is 20 minutiss behind 
th(‘ slK)rt hand. Wlu'ii the hands arc at right 
angh^s, it must either be 15 minutes behind 
the short hand, or 15 minutes ah aid, Tliere- 
foro it must either gnin 20 15 or 20 i 15 

minutes, 5 or 55 minutes. As in Example 1, 
w'c find that to gain 5 minutes, it taki*s 
t)0 X 5 (50 r 

55 " 11^ 

And, since 7 x 5 - 55, it will take 7 x 5,\ 
minutes, or 58,-, minutes to •gain 55. 

Tiuis, the required (inifs are 5,"’, minutes pa.~^t 
4 and .58,--, minutes past I da.s-. 

• Other forms of eloek (piesliotis, such as “ at 
whar time, between two .stabal hours, arc the 
liands coincid nt,” or at what tim<^ arc tiu'y 
any stated number of miiiut(\s apart,’’ are worked 
in the same way. 

169 . Questions involving two clocks arc 
‘generally simple applications of the prim;; pie 
of Art. 165 . 

Example. Two elo(;ks sliow the correct time 
at 9 a.m, on August 12. Tlie one loses 8 seconds, 
and the other gains 12, in 24 hours, Wluui will 
one clock be 5 minutes ahead of the other, and 
what time will each clock then show ? 

At the end of 24 hours the clocks are 8 4 12 
T 20 seconds apart. Therefore, they will l>e 5 
minutes, or 300 seconds apart after yil* x 2 1 
hours, t.e., 16 days. 

Thus, one is 5 minutes ahead of the other at 

2 £ 38 


9 a.m. on August 27. Also, in 15 days the first 
clock lo.Mcs 15 X 8 secronds -- 120 H(HH)nds - 
2 minutes, so that nt 9 a.ni. on August 27 this 
clock ])oints to 8.58. 'Pile other ehxk is 5 
minutes ahead of this— /.e., at t).5. 


TIME AND WORK 

170. Tlu! fundanumlal principle htu’e is 
Work done per day x Numlxa* of days Total 
to he done. 

Kxampk^ 1. A (uin do a piece of work in 6 
days which H could do in 8 days. How long 
will they lake over it if th(‘y l)oth work together? 
Eiml the amount dom^ pju* day, thus: 

A does th(^ w'hole ]>iece in (5 days. 

'Pherefote, A does { of the piece in I day. 
Similaily, 11 does t of (he ])it‘e(‘ in I day. 
Therefore, working tog(‘tliei’, they do -f J of 

th(‘ pit'cir in 1 day - ^ ^ of tlu^ pi(*ce in 

1 day. 

Ifenei', they do .}^ in \ of a day, juul there- 
fort‘ H|, or tlu' whole. pi(*c(‘, in days, f.p., 
.‘lii days da.v. 

E.\amj)!e 2. A hath which holds 21 gallons 
can he filled hy the cold vvalt r tap in (5 minutes, 
and hy the hot water ta.f) in 7. 'Pile waste-pipe 
can erjipty it in 5 minutes. If (lu^ l>a(h is filled, 
ajid then all thre(‘ 2)i))es arc opcuied, liow much 
water will he 1(41 in lli(‘ hath at the (.uni of half 
an hour ? 

'Pin* waste-pijx* empties (he hath in 5 minutes. 
'Pher(*l<>r(\ it muptii'S of it in 1 minute. 
Simila.’ ly, th(‘(!old wali r ta]) tills in 1 minuto, 
and tlu* hot -water tap lills 1 in I minute. 

'Plien't'oiv, when ivh thivi* are op. n -- }. - } is 

, . , . , N--7-(>' 1 . 

emptied in 1 minute, i.v,, ^ ^ 

' 42 42 

empti(*d ill 1 minute. 

lit ne(‘, jifti r half an hour, 50 x qr V 
hath is emj)ti(*d. 

Tneivfoiv, there remains in the hath (l-y) 
of 21 gallons = of 21 - (5 uallons A as. 

Example 3. .\ a.rid H agrw* to do a of 

w'ork for 50s. A could do the work alone in 5 
days, and B con Id do it aloiu' in (5 days. Hut, 
with tin* h(*lp of (', tiiey tinisli the work in 2 days. 
How should th(‘ moiu'y he divided ? 

A can do 1 of the work in I day, so that in the 

2 days Avhicii they work lu* do(‘s V. 

Similarly, H do(*s ,V, or J of the work. 

Hence, (' docs the remaindei* - l iz., 1 - H “ 1 

the work of the work. 

Therefore, 

A should have V of 308. = 12s: \ 

H should have of 3 ()h. -- IDs. i A 
C should have the remaining Ss. j ' 
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EXAMPLES 20 

1 . A starts 3 minutes after B for a place 4i 
miles distant<. B, on reaching his destination, 
immediately returns, and, after walking a mile, 
meets A. If A’s rate is 1 mile in 18 minutes, 
bow many miles an hour docs B walk ? 

2. A train passed a station 40 miles away 2 
minutes late. If it had travelled at 50 miles an 
i)our, it would have been 10 minutes latti. Find 
the rate of the train. 

3. A man rows J mile U 2 ) slream in half an 
hour. If there had been no current he would 
only have taken a quarter of an hour. How 
long will he take to ro\v back again ? 

4 . A man drives to a certain town at 8 mile.s 
an hour. He returns by a road 2 miles longer, 
at 10 miles an hour. Tiie return jouriu'y takes 
12 minutes less than the outward journey, llow 
long is each road ? 

5. A person standing on a raihvay platform, 
which was 88 yards long, notieed that a train 
took 0 seconds in passing him, aiul took 21 
seconds in passing through the' station. How 
long Was the train, and at what rate was it 
travelling ? 

6. A man travelling 9 miles per hour is 
followed, 4 minutes lateis by a man trav<‘lling 
10 miles an hour. When and where will the 
second man overtake the first ? 

7 . A walks from one town to another at 
4 miles an hour. At the halfway, he is over- 
taken by B, who walks 5 miles an liour. A now 
quickens to B's rate and linds that lie arrives 
at his destination 15 minutes ('arlier in (;ou- 
sequence. Ho\v far is it betw^ec^n tlu^ t%vo 
towns ? 

8 . Tliere are two candles, P and Q, one of 
them 1 inch longer than the otlu'r. P is lighted 
at 4.30, and Q at 0 o'eloek. .At 8. .30 tlit'y are 
both the; same length. P burns out at 10,.30 
and Q at 10. What w^eve the original length.s ? 

9 . A and B do a pit^ee of work in a certain 
time. If each had done half the work, A would 
have had to work one day le.ss, and B tAvo days 
more, than they actually did A\ork. lIow’ long 
did they take, when they Avorkod together ? 

10 . At noon on Monday a clock is 2 minutes 
fast, and jt 8 a.m. on the follow ing Wodne.sday 
it is 1 rnimite slow. When w as it right ? 

11 . At what time between 5 o’clock and 5.30 
are the hands of a watch 14 minutes apart ? 

12. I row against a stream flowing 1 J miles per 
hour to a certain point, and tluai turn back, 
stopping 2 miles short of my original starting- 
place. If the w'hole time occupied is 2 hr. It) 
min., and in still water I roAV 4i miles per hour, 
bow far up-stream did I go V 

' 18 . A hare is 00 of her own leaps in front of a 

greyhound, and takes 3 leaps Avhile the hound 
takes 2. But the hound goes as far in 3 leaps 
as the hare does in 7. In how^ many leap.s will 
be catoh the hare ? 

14 , Two cyclists start to meet each other. 
0r»6 yode ^ miles an hour faster than the other, 
>ahd fbp;jme«; in IJ hours. If each hod travelled 


2 miles per hour faster than he did, they would 
have met in IJ hours. Find the distanee 
between the starting-places. 

MISCELLANEOUS EXAMPLES 

171. luo following are types of examples 
which occur frequently. 

Example 1. In what proportion must tea 
at Is. 6d. per lb. bo mixed with tea at 2s. 4d. 
per lb. in order that the mixture may be worth 
Is. 9d. per lb. ? 

I lb. of the cheaper tea is worth 3d. less than 
1 lb. of the mixture. 

I lb. of the dearer tea is worth 7d. ^aorethan 
1 lb. of the mixture. 

Hence, 7 lb. f)f the cheaper tea must be mixed 
with 3 lb. of the dearer tea. For 7 lb. of the 
cheaper will be worth 7 x 3d. - 21d., less than 
7 lb. of the mixl lire, and 3 lb. of the dearer will 
bo Avorth 3 X 7d. ~ 2 Id. more than 3 lb. of the 
mixture ; so that, together, they haye the same 
value as 10 lb. of the mixture. 

The required proportion is therefore 7 : 3 Arts, 

Example 2. A man di.stribulcd £l IGs. lOd. 
amongst 8.5 children ; each girl received 4d. 
and each boy (>d. Hoav many girls Avero there ? 

If each child received 4d., the man would 
spend 85 x 4d. i‘l 8s. 4d. Thi.s is 8s. 6d. 
loo little. 

If each reei ived (kl., he Avoiild spend 85 X 6d. 
=-- £2 2s. Od., Avliich is 5s. 8d. too much. 

lienee. 

No. of girls : No. of boys ; ; 5s. 8d : 8s. 6d. 

: : (18 : 102 

Theri'fore, the number of girls 

, of 8r> -‘i of 85 :- .‘{4 Am. 

(>8 I l()-2 5 

A qiu'stiou of this sort, hoAvtwor, need not be 
treated as a ‘‘ mixture *’ problem. Foi‘, after 
each child has reeeivi'd 4d., the man is left with 
Ss. t!d., which he n.ses to give an extra 2d. to 
(vich boy. Noav, 8s. Od. contains 51 twopcrices. 
Ib'iiee, there are 51 boys, and therefore 85-51, 
or 34 girls. 

Examj)lo 3. A person has to buy a certain 
number of oranges for a cei tain sum of money. 
If he buys at the rate of 3 a ])eniiy, he spends 8d. 
too luiielu and at the rate of 4 a penny he spends 
Is. too little. Find the .sum of money. 

At the first rate an orange costs ^d. 

At the second rate an orange costs Jd. 

The dilferenee ~ J - } — T^Vjd. 

Hence, by paying kis for each orange, 
he reduces the total cost by 8d. Is., or 20i 

Therefore, the number of oranges - 20d. Ad, 
- 240. 

Noav 240 oranges at 4 a Id. cost 60d., or 5s., 
and this is Is. less than the sum he has to spend. 
Thus, the required sum is Gs. Ans. 

We have the same principle in the following : 

A man walks to the station at 4 miles an hour 
and arrives 5 minutes late. Had ho walked at 
5 miles an hour he would have been 4 minutes 
too early. How far is it to the station ? 

The first rate is 1 mile in 15 minutes, and the 
second is 1 mile in 12 minutes. Thus, by taking 
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3 minutes less over eanb mile, he takes 9 minutes 
less for the whole distance. The distance is 
therefore 9 -s* 3, or 3 miles. 


Example 4. A mixture of 280 gallons of spirit 
and water contains 70 per cent of spirit. How 
much spirit must he addfcl in order to raise the 
proportion to 84 per cent. ? 

Amotint of water in the mixture — 30 per cent, 
of 280 gallons = 84 gallons. 

After more spirit has boon added, this 84 
gallons of water forms (100 - 84) (u- 10 per cent, 
of the mixture. Hence, the total amount of 
mixture will then bo of 84 gallons, f.c., 
625 gallons. 

Therefore, the amount of spirit to bo add 'd 
= 525 - 280 = 245 gallons .4 

Example 5. I look at my watch between 5 and 

6 o’clock. On looking again between ti and 7 
o’clock I find that the liauds have exaetly 
changed places. What was the time when 1 
first looked ? 

In a question of this sort, the eliief point is to 
find what distane(‘, the hands are a])art . Once 
this distance is known, the rest of tlu^ problcnn 
is w’orked in the same way as already ('xplained 
in Art. 168, 

VV(* know that the long band moves tlirongh 
GO minuto-si)aces while the. short hand moves 
through 5 — f.r., in any given interval, the long 
hand moves through 12 times tlm di,-tanco 
through which the short hand moves. 

Now, in the above j)ro))l(!m, tlie distaneo 
through wliich the short hand moves is eipial 
to the distance Ix'tween the hand.-». ddm long 
hand, therefore, moves through 12 times this 
distance. Hemu', if the long hand had mov(id 
on into the position now oc(uipied i)y the short 
hand, it would have moved Ibrongh 12 1, or 

13 times the distance bcjtwcM’u tlie hands, lint 
the long hand has now moved from a ef'rtain 
position which it occupied b(;tween 5 and (» 
o'clock into the same position between 0 and 

7 o’fdock, i.c.^ through (U) iuinutc-sp:uu.‘s. 

Therefore, 00minut('s - 13 limes the distaneo 

betw'ocn the liaiids ; so that the distaneo hel w('on 
them is of 00 minutes, or 4 i’ll minutes. 

We have now, by the method of Art. 168, 
to find “ at what time between 5 and <> o’clock 
is the long hand 4,^.y minutes alu'ad of thci short 
hand ? ” 

At 5 o’clock the long hand is 25 minutes 
Ibehind the other. It lias therefore to gain 
25 I- or 29,^.| niinutes. 

Hence, 

55 : 29,*^;. I*. 00 minutes : reqd. time. 


Therefore, 


12 35 


Ri^qd. time — 


13 X .^'51 ' 


420 

13 


•'t 

= 32, Ay minutes pa a! ,5 A ns. 

DUODECIMALS 


172. In finding the area of a rectangle, by tho 
method of Art. 163, or tho volume of a rect- 
angular solid by that of Art. 168, it is necessary 


to express every dimension in terms of the same 
unit. We have to reduce every dimension to 
yards, or to foot, or to inches, before working 
tho multiplication. This, how^over, need not 
be done if wo adopt tho method of Duodecimals. 

The foot is the unit of the system. Tho unit is 
dividiid as follows. 

A linear prime is ono-tAV(‘lftli of a foot. 

A sirpcrfirial prime is one-twTlftli of a square 
foot. 

A cubic prime is onc-tAvelfth of a cubic foot. 

A second, linear, snperlic'ial, or cubic, is one- 
twt'lfth of tho corresponding prime. 

A third is onc-twt'lfth of a second, and so on. 

A prime, w’hetlu'r linear, supt^rlieial, or cubic, 
is denoted by 1'. vSimilarly, a st'cond is denoted 
by a third hy V". 

173. Tt is clear from the (lelinitions that 
(i.) A liiK'ar prime - ft. — 1 in. 

A linear second — ,-h in. 

(ii.) A snperlieial jirimo — sq. ft. ' 12sq. in, 

A superlieial second - of 12 sq. in. 
= 1 sq. in. 

A supt'.rlieial third — sq, in. 

(iii.) A cubic prime - cubic ft. 144 ciibio 
in. 

A cubic second ^ ,\j of 144 cubic in. 
— 12 oul)ie in. 

A <“ubic third ~ of 12 cubic in. — 1 
cubi(^ in. 


We can thus convert duodecimal nu'asuros 
into ordinary nu'asures. For eximple, 

5 ft. :r 7" -- 5 ft. 3,'/ - 5 ft. in. 

7 sq. ft. ,y 9" -- 7 s<|. ft. (()0 I !>) S([. in. - 7 sq. 
ft. 09 si}. in. 

4 cnbi(^ ft. 3' 8'^ y" -- 4 <'ubic ft (432-!- 96 
-f 5) <mbic. in. -- 4 cubic ft. 533 cubic in. 


Similarly, wo can conveut ordinary measure 
into duod(‘cimals. 

4 yd. I ft. 3.j in. 13 ft. 3^ :, in. - 13 ft. 3' T. 
2 sq. yd. 5 s(|. ft. ttS s(|. in. 

9(1 I 

=.23sq. ft. 4-*-:-- -‘'sq. ft. 

^ 144 ^ 

= L>'!s.i. ft. I- K<i. ft. ! - «q. ft. 

‘ J2 ‘ lit ‘ 


= 2:1 Kq. ft. 8' 2" 

3 cu. ft. 12‘U cu. in. 

1 *>0 Q f! 

= 3 on. ff. + , 4 jCU. ft. t ft. 


= 3cu. ft. -1 cu. ft. -h cu. ft. -f cu. ft. 
= 3 cu. ft. 10" 3"' 6"" 


174. Wc^ must now consider the multiplica- 
tion of duodecimals. 

1 ft. X r =1 ft. X ft. - y sq. ft. - 1 snper- 
12 12 

ficial prime. 

1 ft. X e = 1 ft. X ft. = 4 , sq. ft. = I 
auptu’ficial second. 

Similarly, 1 ft. X 1'"= 1 superficial third; 
and so on. 
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Again, 

1' X r - ft X ft. = ^~j sq. ft. = 1 super- 
ficial second. 

1' X 1' = « • X iIj ft. = sq. ft - 1 super- 

ficial third. 

ExampltJ 1. Find the area of a rectangle 
which moasurca 5 ft. 9 in. by 3 ft. 3 in. 

5 ft. 9' 

3 ft. 3'_ 

1 r/ 3" 

18'sq. ft. 8' r 

C--18 sq. ft. + i 
— 11^ »q- ff- IH) sq. in. Arts, 

Explanation. Multiply 5 ft. 9' by 3 ft. 
Thus, 

3 ft. X 9' ~ 27 sup(3r. primes — 2 sq. ft. 3'. 
Put down 3' and carry 2 sq. ft. 3 times f), 
15, and 2. 17. 

Next, multii>ly by 3'. 

3' X 9' ^ 27" super. -- 2' 3^ 

Put down 3"', carry 2'. 

3' X 5 ft. 15', and 2' -= 17' 1 sq. ft. 5'. 

On adding the two lines, w'c got 18 sq. ft. 
8' 3", which, by the last article, is equal to 18 
sq. ft. 99 sq. in. 

Example 2. The area of a re<;tangle is 190 
sq, ft. 20 sq. in., and its length is 1 1 ft. 8 in. 
Find its breadth. 

11 ft. 8')100 sq. ft. r 8"(8 ft. 7'v= 8 ft. 7 in. Ans. 

93 sq. ft. t' 

0 sq, ft." 9' 8" 

([sq. ft. 


Explanation. 20 sq. in, is equal to 1' 8". 
Beginning the division, 11 ft. into 100 sq. ft. 
appears to go 9 times. But tui multiplying 
11 ft. 8' by 9 wc get 105 sq. ft., which is too 
big. Try 8. Then, 8 ft. X 8' ~ 04' ^ 5 sq. ft. 
4'. Put down 4', carry 5 s(j, ft. ; 8 ft. <11 ft. 
r.-:: 88 sq. ft., and the 5 carried make 93. 8uh- 
Iract, saying, 4' and 9' make 1 ft. 1'. Put 
dowm 9' ami cany 1 ft., etc. 

Next 11 ft. into () sq. ft. 9', or 81', goes 7'. 
Multiply the divisor by 7'. Tims, 7' x S' 
- 50" .= 4' 8". Put dowai S", cany 4'. Then 
7' X 11 ft., etc. 

175. In Ending vohimes, wc shall, of course, 
have to multiply linear feet, primes, etc., into 
superficial feet, primes, etc. 

We have 

1 ft. X 1' super. ~ 1 ft. X sq. ft. — cu. ft. 


5= 1 cu. prhnc. 

1 ft. X r super. = 1 ft. X sq. ft. cu. 

ft. ~ 1 cu. second, and so on. 

Again, 

r X 1' super. =r y ft. X y sq. ft. eu.ft. 
ss: 1 CU. second. 

1- X, 1*5 euper. = ^ ft. x sq. ft. = , cu. ft. 

■'CnJ! 


Example. Find the volume of a tectangular 
solid whose dimensions are 6 ft. 5J in., 5 ft, 
7 in., and 3 ft. 4 in. 

5 ft. r 

3 ft. 4' 

Ifi 9' 

1 10 ' 4 " 

IS sq. ft, 7' V 
0 ft. 6' fy" 

111 eu.ft. 8' 0" 

7 9' 0" 8'^ 

9' 3" S'"' 
i 2(rciL f tr2“4''“4"' 

= 120 cu. ft. (288 + 48 + 4) cu. in. 

= 120 cu. ft. 340 cu. in. Ans. 

Explanation. Multiply 5 ft. 7' by 3 ft. 4', 
as in Ex. 1 of the last article, obtaining 18 sq. 
ft. 7' 4". 

Next, () ft. 5.J in. equals 6 ft. 5j'lr in., or 
6 ft. 5' C". 

'Ihcn. (i ft. X r ^ 2V - 2', 6 ft. x 7' = 42', 
and 2' - 44' 3 cu. ft. S', and so on. 


Answers to Arithmetic 

Examples 19 


1. A square field, of the same breadth as that 

in the (piostion, w^ould contain 30 acres 3 
— 10 acres = 48400 sq. yd. 

Therefore, Bn'adlh of the field == 

= 220 yd. The kmgth = 3 x 220 yd. = CGO yd. 

2. Area of ))ap(‘r required = 2 (172 + X 
sq. ft. = 2 X 31.V X 10 sq. ft 

.*! Length required - yd. 

ITonce, 


(V)st - £ 


2 X 03 X 10 4 X 8 


: £1 Os. 8d. 


2 ^ 7 < 3 X 12 .< 3 X 20 
3. (•ar])et (tosts 3s. 3d. more per square yard 
than oilcloth. To cover tlui whole border with 


carpet costs £3 18s. more than to cover it with 
oilcloth. No. of square yards in the border 

^ £3 18.S. .3s. 3d. — 24 s((. yd. = 216 sq. ft. 
Area of floor - 21 x 21 - 441 sq. ft. Area 
of carpet = 441 - 210 = 225 sq. ft. Side of 
carpet -- j22o = 15 ft. Hence, w^idthof the 
border-^ (21-15) :-2 = 3ft. 

4 . Area of tlve four sides of the cistern = 

2 (() I- 4) X 3 0)0 sq. ft. Area of bottom =6x4 

= 24 s(i. ft. No. of s({uare feet of lead required 
= 00 m- 24 = 84 sq. ft. = 84 X 8^112 cwt. 

. 84 X 8 X 01 , 

Cost = ^ ^ — --S. = Cls. = £3 Is. 

1 12 X 0 

5. Ea(;h of the walls would be 2 x IJ = 3 
times the area of the corresponding wall in the 
actual room. The cost would therefore be 

3 X £2 I7s. 9d., or £8 I3s. 3d. 

6. No. of square yards in the field = £852 Os; lOd. 
-j- lOd. 20449. Side of field = ^'20449 
yd. - 143 yd. Length of fence required = 4 
X 143 yd. 

Coat = £228 108. 

7 . A box measuring 7 in. x 5 in. x 3 in. con- 
tains 105 cubic in. The given box contains 13125 
cubic in. or 105 cubic in. x 125. Therefore, since 
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the volume of the given box is 125 times that of 
th^ other, each dimension of the given box is 
'Vl25, or 5 times, the corresponding dimension 
of the other. The re(|iiirod dimonsions are 
therefore 35 in., 25 in., and 15 in. 

Examples 20 

1. A walks 3J miles before he meets R. This 
takes him 3i x 18 mins., i.e., 03 mifi. B 
walked for 63 + 3 --60 min. The distance B 
walks i.s 1 — 5.V miles. ITis rate is there- 
fore JSJ of 5i miles per lioiir, or 5 miles per hour. 

2. Travelling at 50 miles per hour; the tr.iiii 
will take ;1[{ of an hour, or 48 min., to go 40 
miles. This is 10 min. too long. It should 
therefore do 40 miles in 38 min. ; and, sinet* it 
passes the station 2 min. late, it actually doi^s th(^ 

40 miles in (38 I 2) min. IFenec*, its rate is 
1 mile per min., or (K) miles ])er hour. 

3. hi still water, he rows ;J mile in } hour, or 
3 miles per hour. Against llie streain lu*. rows J 
mile in -i hour, or l.J miles per hour. Hence, 
stream’s rate 3 - 1.] - I J miles per hour. 

His rate down stream - 3 -f l.( --4^ miles 
per hour. This is .3 times his rate up streain; 

80 that, to return, ho will take J hour-:' 3, 

-- 10 min. 

4. I'he i*xlra 2 miles of the return journey, 

at 10 miles per hour, lake's of an hour, or 
12 mill. Hence, had ho retuiiK'd hy tluj tirst 
road at 10 miles an hour, he M ould have taken 
12 + 12, i.p.y 2t min. k'ss than for the out- 
ivard journey. But, at 8 miles ])er hour, 1 mil(5 
takes 7J min., and at 10 miles per hour, 1 mile 
takes 6 min. He takes l.( min. less over (‘aeh 
mile. Sinc^e h(^ takes 24 min. less altogether, 
the numluM’ of miles in the first road — 21 I J 

J6 miles, ihdnrn road - 16 f- 2 - 18 miles. 

train jiassi's the man (/.e., goi'S its own 
length) in 0 It goes through the station (i.e., 
goes its own length and anotlu'r 88 yd.) in 21 see. 

It goes 88 y(l. in 21 -- 0, or 12 s('e. Its rate, 
therefore, is 5 x 88 yd. in 60 set*. \ mile in 
1 min. 15 miles per liour. Tx'ngtii uf the 
train - distance it goes in 0 sec. — of 88 yd, 

66 yd. 

6. I’ho Hrst man is 4 min. alu'ad. i.r., of 0 
miles, or v mile. 'Hie seeonil man gains on 
liim 1 mile per hour. H(^ will, llmn'tore, ovi'i* 
take In'm in hour, /.r., ,36 min. Tlui lirst man 
Mill have been Malking (36 ! 4) min., and Mill 
liave gone ;5{j of 0 miles, i.r., ti miles. 

7. 5 miles per hour - 1 mile in 12 min.; 4 
m'lcs per hour 1 mile in 15 min. Hence, in 
the second half of the journey, A takes .3 min. 
less over each mile. Since he takes 1.5 min. less 
altogether, the second half of the jourm'y is 15 
>:• 3, or 5 miles. The Mdiole distance is, there- 
fore, 10 miles. 

8. P burns as many inches in 2 hours (8.30 to 
10.30) as Q burns in 1.1 hours (8. .30 to 10). P 
Imrns for 6 hours (4.30 to 10.30) and (} hiirn-s 
for 4 hours (C to 10). Hut P, in ♦> hours, hums 

ArUftmetir. 


as much as Q would hum in 4J hours. There- 
fore. since one was an inch longer than the other, 
it is ek'ar that Q mms the short candle, and 
would have hurned one more inch in half an 
hour. Hence. Q, burning 2 in. per hour, burns 
8 in. I)ct\vc(‘n 6 o'clock and 10. Thus, the 
reipiir.'tl lengths are, 1*, 0 in., and Q, 8 in. 

9. Working togellier, Adoi'isan amount above 

half the Av^irk Mhieh occujhes him for 1 day. 
Wlu'n they work separately, B takes 2 days to do 
this extra f)i(‘ce. 3lius, A do(^s as much in 1 day 
as B does in 2 ; so t hat , M^irking together, A does 
5 of the whole, and B does J. Ilcn(;e, A does 
?i “ •!' A Mork in a day, .-. B <loes j'.t of 

it in a day. 3'ogether they do J -i- - f of 

it in a day, or tln^ m3ioI(^ piew* in 4 days. 

10. Noon on Monday to 8 a.m. on Wednesday 
is 44 hours, 'riius, th(5 eleck losi'.s 3 min. in 44 
hours. The clock w'as right wlum it had lost 2 
min., fr., after jj of 44 hours, or 26 hours 20 
min. This will ho 5.26 ]).m. on 33iesday. 

11. At 5, the large hand is 25 min. Ix'hind tlio 
other. 3\) lie only 14 min. behind, it must gain 
25 ~ 14, or 11 min. on the other. But, it gains 
55 min. in an lumr, so that it gains 11 in 1 of 
an hour., i.v.y 12 min. TJie reipiircd time is 12 
minutes past 5. 

12. Rato up stream 'l.J- I.(~*3 miles per 
hour. Rate down — 4 A -I- 1 .J 6 mik'S per hour. 
.*. M’o have come the otlu'r 2 miles to the 
original stalling- places w’ould have taken an extra 
J hour, and the total time \vould he 2 hours 
10 min. ! 2t) min. ~ 150 min. Sinc(^ it takes 
tavico as long to go up as to come down, tlu^ time 
taki'ii to go u)) sti’c'am - j| of 150 min. — 10() 
min. = ]| hour. Distance — 1| of 3 miles — 5 
miles, 

13. The hare takes 3 loafis to tlui hound's 2, 
or 9 to the hound’s 6. But the hound goes as 
far in his 6 as the hare goes in 14. 3'he houhd, 
therefore, gains 14 — 9 — 5 hartr.s leaps in every 6 
leaps he tak(?s. Hence ho gains tlui 60 leaps in 
12 X 6, or 72 of his own. 

14. In 1 .1 hours one rides 1 \ x 2 - 3 mik's further 
than the otlu'r. Hence, tiu'y nu'ct bj miles 
beyond half-way. Similarly, at tlu^ faster rate, 
they Mould meet I } luiles beyond half-M^ay. Now, 
if tile tasU r man lia<l again riddi'n for IJ hours 
at the cjuiekcr rate, lu* wmild havij gone 1.J x 2, 
or 3 miles further than h* ridi's at the slower 
rate. But in n‘ality,*he rides 1.] - l.{, or \ mile 
les.s than in the lir.st ease. Thus, 3 mile.s f | 
mile is the distance h(^ would go in the extra j 
hour, i.r., his rate would he 13 miles per Jiour. 
But, at 13 mill s per hour, he gor^s 13 x 1| milc.s 
in Ij hours, i.r., Iti] mile.s. 3'his was l{ milc.s 
beyond half-way. Hence, lialf the distance is 
15 miles, ami the whole distance 30 miles. 

Note. In Examples 15, No. 4, for “ He 
broke 13” read Hi^ liroke 113.” In the 
.solution of thi.s example, on ])ag(i 1131, road 
“ riUmber of eggs lie lo.st Ma-; 113. Ift'nee, ho 
sold (750- 1 13)':- 49, or 13 for Js.’’ 

ronrlutlcd 
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effect of the higher temperature wore to split into 
two the larger molecules which occur when the 
gas is frozen. This gas cannot be breathetl. On 
the other hand, nitrous oxide, having the formula 
N.jO, is a colourless gas, with a not unpleasant 
sweetish taste and odour, whicli can bo nnulily 
breathed, and is familiar as Laughing gas. It 
may bo made in various ways, tlio .siin}>U‘st of 
which is heating ammonium nitrate, whicli is 
decomposed, yielding nitrous o5tid'‘ and water, 
according to the tupiation : 

NH.NO;. 2UA) I N,(). 

This gas can ho readily liqu(‘liod, and is sold, 
like oxygon, in st<M‘l c>dindcr.s, for nu'dical 
purposes. It has the distinotion of being, on 
some grounds, the oldest amvsthetic, and is very 
largely employed in dentistry, whilt^ it is larg(*ly 
coming into use in gtuuTal surgory in eoiuhina- 
tion with other amesthet ies. 'Phe e.\trt‘nu‘ saf(‘ty 
which attends its use, and to wJiieli it owes its 
value, has a very iiiton^st iiig I'.xpla nation. 1'ho 
essential part of the act of hreatliing may he 
simply stated as the n^moval of c*arhonio acid 
from the hltX)d, and th(i additifvi of oxygon to it. 
Now. most amesthet ies owe their a.etion to some 
chemical combination whieli tlioy form with tho 
nervous tissue, hut nitrous oxide app<‘ats to hav(' 
an entirely dilhnaait action. VVluai l>rea.lli<al in 
place of air — more dangerous ana*sth(^l ies Ivu'ng 
breathed in only vtu*y small pioportions in air — 
nitrous oxide appears to form a temporary union 
with tho luemoglohin. or ixxl eolouiirig matter of 
tho blood, the normal husim'ss of w^hieh it is to 
form a similar union with oxygon. 

Action of Laughing Gas, Thus tho 
nitrous oxide eomph‘t(ily do])rivos tho luuvous 
tissues of that constant supply of oxygen wliieh 
is necessary * for eonsc’iousm'ss. On the other 
hand, the gas dot^s nothing w'hatevor to interhwo 
wuth the oth(;r half of tho pioe(!ss of breathing 
— tho removal of (airhonie acid from tho blood. 
In acoordaneo with tho laws of partial pressure' 
[see riivsrc.s], this process froi'ly contiuiK'S 
while tho gas is htung inliahsl, and it is 
because the proeoss is so extremely sim])lo. and 
becaus<^ tJie removal of the 2 )oison is nol inter- 
fered with, that this gas is so extnuiiely safe. 
But, of course, it cannot act for long ; as .soon 
as the mask is taken away, and the ])atient 
hroathos ordinary air, tlu^ j rossuri! li tlm nitaous 
oxide in his blood hooom<*s far higher than tho 
piossui’e of tho minute' ((nantity of niti'ous oxid(^ 
t^hat may be in the atmosphme, and so tho gas is 
ra])idly exhaled, and under ordinary conditions 
dentist cannot very vvirll count on much 
more than a minute of amestliosia. A v<;jy 
simple and signiticant exjieriment will servo to 
show tho possible truth of the suggested explana- 
tion of the aiitvsthetic value of niti-ous oxide as 
due to depriving the nt'rvous tissiros of their 
oxygen. If one eye Iw shut and tho other hc^ 
firmly pressed by the finger through tho eye lid 
whilst remaining open, in a very few seconds all 
objects will entirely disappear. The explanation 
is that tho pressure of the finger has momentarily 
prevented the blood from circulating tltrougk 
the retina, or nervous curtain at the back of the 
eye, in which, without a continuous supply of 


oxygon, sonsatihn cannot h' aroused. It has 
latoly been showm that if a high [proportion of 
nitrous oxklo ho hroathod togotlior w'ith air, 
ana'sthesia for much longer periods than a 
minute cati he miintaifU'tl with groat safety, 
suiUihlo for operations (‘Isowhert^ than on the 
mouth. When the gas is Inoathed in maik<*d 
dilution, however, it produces much exhilaration, 
wlcMioo its nniiie. 

Nitrous Acid. In contrast wilh nitric 
acid (UNO .), w(‘. must make the aecpiaintance of 
nitious acid, wliieh has the foimiila UNO ., and 
the anhydride of wliieh, nilimis anhydnrt', has 
the formula N.t),. This is adaik-hhu' liquid 
which is oxtn'iiu'ly unstaJile, and cannot exist 
at all in llie gaseous s1at<’. hot whi('h, with ice- 
cold wat('r, foj’ins nitrous acid. Tlie readi'r can 
<‘asily write au eipiatien for himself which will 
j)rov(' that a molt'cuh' of wati'i* and a molecuk> 
of nitrous anyhdride, if eomhiru'd, must yield 
two nioloeule,s of nitrous acid. .lust as nitric 
a.eid forms nitrates, so nitrous aeid forms salts, 
wliieh are ea.Ued nitrites. 

The .s(‘ri(vs of nitrites in gtaieral have a. very 
remarkahki action iqion the body, an action 
which was iirst ohsi'rved in tlie cas<^ of the 
organic nitrile called amyl nitrite, but is shared 
by such salts as sodium nilriii'. The common 
properly of all these siihsla.necH, whether organic, 
inorganic, liipiid, gr.srous, or solid, is to cause 
imriK'diate and markid rehixation of all kinds of 
involuntary mUseulai’ tissue in the hixly — an 
action not y<‘f expl;iin<‘d ; hut it is to this that 
lh<‘y owe theii’ i\‘maik ihle. and almost uniipie 
value in tiio treatment of [lain of th<< heart, 
asthma, and all forms of colic. 

Sulphur Dioxide. Sulphur and oxygen 
form two v<‘ry inqiortant eomliinations with 
<‘a(;h otlu'i*. One* of these s sulphur dioxide, or 
sulphurous anhydriiJe, aln'ady n^huTcd to, 
having ih(‘ hirmiila SO., ; whilst the other is 
sulphur trioxide or suljihurie anhytlride, 
which has the formula SO Sulphurous anhy- 
dride, together with a- cfatain quantity of the 
trioxide*, is formed when sulphur is hurnc’d in 
air, and is I he agent of fumigat ion, or disinh'tdion, 
by sulpliur. It is a colourless gas with an 
extremely ])ung(‘nt snudl, much more ]K>w(Tful 
hut less disagreeable than thlt of suljihuretted 
hydrogi'U. It is a true ilisinfeetant , being 
antagonistic^ to all forms of life*. But this is ncpt 
to .say that the fumigation of a. sick-room by 
means of sulphur, as ordinarily jiraetisecl, i.^ 
anything hut a pitiable^ and dangerous farce. 
Jt is one of thc^ Iirst axioms of natural philosojihy 
that a thing cannot act where it is not. Readt'rs 
of the course' on Pjivskjs will ic'inemher our 
difliculties in this ivspcu't in relation to thc^ force 
of gravitation. Similarly, sulphur dioxide, 
though an c'xcellcnt antiseptic, cannot act 
where it is not, aiul, as a rule*, it never reaches 
those very places where the mierolie.s of disease 
an? hidden. In order to utilise? propc'rly its 
disinfectant powders, a room should first he 
practically emptied and should them luive a very 
largo quantity of sulphur burnt in it, while' all 
outlets for the gas are rigorously closed. This 
may most uniploasantly atfc'ct the appearance 
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of the room, but it will be effective. The kind 
of fumigation that does not hurt the room does 
not hurt the microbes. 

Sulphurous Acid. We have called this 
gas an anhydride, and its acid, of course, must 
have the formula H-^SOn, which is obviously 
obtained by adding together the formulas of 
water and sulphur dioxide. At low temfKj- 
raturcs this acid is stable, and is thus com- 
parable with nitrous acid. It forms sulphites 
just as nitfous acid forms nitrites, a t 3 rpical 
example being sodium sulphite, which naturally 
luis the formula NoSO.j. Sulphurous acid 
is a weak acid and is readily turned out of its 
compounds by means of other acids, such as 
sulphuric acid or hydrochloric acid. 

Sulphur Trioxide. Sulphuric anhydride, 
or sulphur triox idc, SO.,, is a white crystal- 
line solid. It is less stable than sulphur dioxide, 
and one atom of sulphur can be persuaded, so 
to speak, to combine with three rather than with 
two atoms of oxygon, only if the conditions aro 
made specially favourable. Tho trioxido is 
decomposed into tho dioxide and oxygen at tho 
temperature at which sulphur burns, and hence 
cannot be produced by this means. But if a 
mixture of dry sulphur dioxide and oxygen bo 
passed through a rod-hot tuU) coated with 
platinum, the trioxidc is formed by one of those 
most carious actions which resemble those of a 
ferment, and are often called catalytic. WTien 
we discussed platinum, wo noted the singular 
chemical properties which it possesses, being 
able, for instance, to induce such chemical 
actions as tho direct union of oxygen and 
hydrogen at ordinary temperatures. It was 
there argued that in all probability the platinum 
acts by breaking up a certain number of the 
gaseous molecules, so that the atoms thus 
divorced are liable to sock new partners. Tho 
fonnation of sulphur trioxide is another illuatra- 
lion of this argument. 

Sulphuric Acid. We have called tho 
trioxide an anhydride, and on combination with 
water it fbrms the very important acid known 
as sulphuric acid (H.^SO^), the formula of which 
is obviously obtained by adding together a 
molecule of water and a inolocule of tlic trioxide. 
Of such great importance is this acid tliat tho 
amount of it that is used in any country can bo 
employed as an index of its measure of material 
civilisation. At least this is what has been more 
or less jokingly said, and certainly many means 
of judgim'ut much less accurate are often em- 
ployed. It might be thought that tlio easiest 
way to prepare bulphurU; acid (which does not 
occur in nature) would be to oxidise directly 
sulphur dioxide, meanwhile adding water to it, 
but owing to tho cause we have already named, 
this is not possible. The actual process of manu- 
facture is of some complication. Tho essential 
principle is that sulphur dioxide is obtained by 
burping iron pyrites (FeSo), and that by means 
of Pitric acid fumes the dioxide is further 
o?i;idised into the trioxide, the oxides of nitrogen 
in. the fupies acting as oxygen carriers. When 
pdre acid is finally obtained it is found to 
b<^ a thick, colourless, heavy liquid, which has 


an extraordinary affinity for water« so mudi so 
that it is practically impossible to obtain 
sulphuric acid that is entirely free from water. 

Anhydrous Sulphuric Acid. It is 

unsatisfactory to say, aS is often said, that it 
is impossible to obtain “anhydrous sulphurio 
acid,’’ because wo might reasonably expect 
that term to indicate sulphur trioxide. At 
any rate, this acid forms true compounds 
with water, which may perhaps bo called 
hydrates. When it is mixed with water, not 
only docs tho resulting product occupy less 
volume than did the water and tho sulphurio 
acid l)efore they were mixed, but there is also 
the evolution of much heat, which, as the doctrine 
of the conservation of energy teaches us, has 
to come from some ‘where, and which implies tho 
satisfaction of potential chemical energy pre- 
viously present in the sulphurio acid and the 
water, and tho transformation of that energy 
into the form of kinetic energy which wo call 
heat [see Physics]. 

Uses of Sulphuric Acid. Thus, 

sulphuric acad may bo used in order to dry 
gases and other bodies, and probably tho most 
marked of its properties in relation to living 
matter are duo far less to its character as an 
acid, though tliis is marked enough, than to 
it.s character as a withdrawer of wator, or a 
dehydrator. Iliis process of dehydration, or 
the removal of water, causes the characteristic 
marks of the action of sulphurio acid — we saw 
that nitric acid turns the skin yellow ; pure 
sulphuric acid makes it black, and has the same 
ac*tion on wood and sugar. Indeed, it chars 
these substances, and tho black is simply carbon, 
or charcoal. 

The case of sugar is tho simplest because this, 
os wo shall afterwiirds seo, is a carbohydrate — 
that is to say, a substance consisting of carbon, 
hydrogen, and oxygen, tho two latter being 
present in tho same £)roportion3 as they are in 
water. Thus, to sjwak somewhat loosely, the 
reason why sulphurio acid chars sugar is that it' 
removes all the water — strictly speaking, tho 
elements equivalent to water — that enters into 
its comp().sition, leaving merely the charcoal 
lK*hind. The acid has countless practical uses— ■ 
in the preparation of other acids, as we have 
already seen, in the manufacture of sodium car- 
bonate and caustic soda, these being quoted 
from hundreds. 

One Y>eculiar use may be mentioned becauso 
of its chemical interc/st. When wo were dis- 
cussing lead we saw that certain of its soluble 
salts may be taken into the system, either in 
drinking water or by contamination with the 
food from the lingers of workers in lead 
We commented upon the need for scrupulous 
washing of the hands before eating in such 
cases. Here we may add that a recognised 
device for preventing lead poisoning amongst 
workmen is tho drinking of what js rather 
ironically called “sulphurio acid lemonade.” 
This is essentially a very weak solution of 
sulphuric acid in water, and it owes its virtue^ 
to the fact that the acid, acting on any oompourids 
of lead that may have been swallowed, will form 
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sulphate of lead, which is. insoluble, and which. 
Iherefore, not being absorbed, is entirely harmless. 

Sulphates. Certain suiphates have already 
been referred to. We may note the names 
of calcium sulphate (CaSOj ), which, imd<T 
varying conditions, is kno^vn as gypsum, ala- 
baster, and plaster of Paris ; mwjnesium sul- 
phate {MgS 04 ), which abounds in the mineral 
springs at Epsom, and hence is called Epsom 
salts ; zinc milphate^ which is an antiseptic and 
astringent, and thus also of value in medi- 
cine; ferrous sulphate (FeSO,), which, having 
nothing to do with copper, is unfortunately 
known as copperas^ or, much l)ettor, as gran 
vitriol; crjpper sulphate (CuSO,), known as 
blue vitriol — the term vitriol ” or “ oil of 
vitriol” being often applied to strong sulphuric 
acid. The word is deriv(Hl from the I..titin 
vitrumy glass, siruic the acid and many of its 
compounds in certain states have a glassy apptvir- 
ance. But there is a further class of aiilphat<‘s 
to which special reference must bo ma(l<5. 

Alums, The word alum is very frecpicntly 
confined to what should pro})orly he called 
potash alum; but, in the general sense, an alum 
is a double sulphate consisling of the sulphate 
of one of the alkali metals, together with a 
Kiilphato of aluminium or one of the metals 
liclonging to the aluminium group, 'rhey 
all correH|K)nd to potash alum, the formula of 
which is variously rendered, as intelligible a 
reading as any being KAl(tSOi)., 1211.^0. 
They all form eight -sided crystals, so that 
if a crystal of one of the alums 1 k> j•)laced in 
a solution of another, tho crystal is covered by 
a crystalline layer doriveii from tho solution. 
This is made tho more easily possible since they 
all contain the same number (»f inolocules of 
water of erys I allisation. A 1 1 1 1 le alu ms ar(» readil y 
soluble in w'ater, they all have an astringont 
taste, and an acid reaction to litmu.s pjipcr 
and tlio like. Thus, in every way, tlicy form a 
very definite class, 'the most important alums, 
after potash alum, which has been so long known, 
arc thos(! containing ammonia., chromium, iron, 
and manganese. The chief use of ordinary ahim 
— that is to say, potasli alum — is as what is 
called a mordant (from the Latin mordeo. 1 bite) 
—that is to say, a substanco which so atfccts 
cloth dipped into it that any colouring matter 
aftorwarcls employed stains the fibre inm;h more 
pennanently. This is due to the relation of 
alum to colouring matters, with which, iwi we 
have seen, it forms the precipitates called lakes. 

Many other oxides .are of importance, and 
some of them have been previously rc'fcrrcd to. 
but we must pass thorn and discuss a fi*w 
other compounds, which are mostly of small 
importance in themselves, but are of interest 
because some of them introduce us to fresh 
complexities, tho memoiy of which may help us 
when we pass on to the chemistry of the carho% 
compou^. 

Derivatives of Ammonia. Ammonia 
{[NH3) may, of course, be described as a nitride 
of hydrogen, and in referring to the alkaloids 
wo have seen the theoretical importance of this 
•ubstance, since one or more of the hydrogen 


atoms may be replaced by innumerable atomio 
combinations, such as those which constitute 
the alkaloids. But there are other nitrides of 
hydrogen. That which has the formula N.jH^ 
resembles ammonia, and is known as hydrazine. 
Of mu(!h greater inUuvst is tho compound 
with tho formidable name hydroxylamine. . 
'^riuH name, however, has good sense in it. 
Tho first part of it, hydroxyl, is applied to tho 
atomic* group. - Off. wdiich i.s found in combiiia- 
1 ion wit h so many ot her k iiuls of at onfs and groups 
of atoms, the simplest case, of course, Ixung 
water, tho formula of which may be written 
J{ — Oil. Tho mevaning of tho term hydroxyl 
must Iw carefully rojiKunbored, since, though 
hydroxyl never exists by itself, it is one of the 
most frcfjunnt and important atomio combina- 
tions in tho whole lango of chemistry. Amine, 
the rest of tlio long word wo have quoted, 
is tho name of an almost equally important 
atomic group, NII.^. llonco tho formula of 
hydroxylamine is given in its namo, once tho 
meaning of tho name is explained. It is, of 
cour.se, NlfoOH. N^ow, suppose this were 
written in the shortest jx)ssiblo way, it would 
run Nfl>0, and there would bo no comprohon- 
sion of tho presence of the oxygon atom, but if 
wo write it properly, NH .Oil, wo see that this 
suhstanco may bo regarded as ammonia, 0110 
hydrogen atom of which has boon r<q)lacod by 
hydroxyl. Wo may even, by w.ay of illustrating 
tho meaning of tlio graphic formulas to which 
w'o must soon coruo, venture on a lilt l« dt awing 
to show what may ho siippo,sed to have happened. 
Tho linos ropro.seut tho “ haruU ” of the aloms : 
llydro.xylaraiiio is kuo\yn in solution in water 



as an alkaline liquid. Whtui this distilled 
some of it pass'‘.s off unchanged, while tho refit 
i.s dcconipo.scd, forming ammonia.- As may bo 
cxpoctotl, if w<^ comp.iro the formula of hy- 
ilvoxylamine with, say, the formula of caustic 
potash (KOTI), this suhstam'o is an alkali and 
forms salts with acids. In kioking at tho for- 
mula of cau.stic potfish, the reader will recognise 
the last two Ictlors as coii.stituting (lie liydroxyl 
group. 

The Amides, llydro.xylamine is also of 
iniportaiuio, as we may use its formula in order 
to remind ourselves that hydroxyl* and amino 
can take each other’s placcvS in various com- 
pounds. For instance, there are known com- 
pounds called sod^imine and potassamine, tho 
formulas of which are NaNH., and KNH..., 
obviously oorri'Sixmding to Na()Il and KOll, 
tho umirn^ group having taken tho place of tho 
hydroxyl group. These are simplo instances — 
zinc amide, Zn(NIl.^).^, being only slightly more 
complicated— of tho countless compounds of 
ammonia. Another, which is of inuxirtanco 
because it is so often put to practical ends, is 
the substance which is popularly known as 
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white precipitate. This is a compound of 
ammonia and porch lor idc of mercury oi (iorrosivo 
sublimate apd its formula may variously bo 
written Jf a solution of corrosive sublimate 
act upon ammonia* this body is formed. 
Its composition may be most conveniently 
written NH^HgCl — the reader will remember 
that TlgCl._, is the formula of porchlorido of 
mercury* not HgCl. This last, however, is 
the formula of the subchloride of mercury, or 
mercurous clilorido, and this lias a similar 
interaction with ammonia, forming a suhstaiico 
of no importance. 

Phosphoretted Hydrogen. Pho.sphorus, 
M'c renuunber, belongs to the nitrogen group 
of elements, and so. if the grouping of the 
elements m(‘ans anything, vvt^ may reison.ably 
exiM^ct that tliere should b(i compounds of the 
other eUmu^nts of this group with hydrog(in, 
correspoudiiig to the ooniiHiund ammonia, and 
this is so. For instance., w e know the phosphorus 
(!omj)ound, which naturally has the formula J^H ., 
the arsenic compound (AsH.;) and tlu^ antimony 
compound (Sbll ..). 

Of these, by far tbo most iiuportaid is ])hos- 
phoretted bydiogcm, ofte.n cji-llcd phosphine 
(th(» others are similarly .soimdinu's known as 
arsine and stibine). Like ammonia, j)liosp]iine 
is a. colourless gas, poisonous, having a horrible 
smell, but, unlike ammonia, insoluble in wal<*r. It 
maybcfornR*d in various ways — as, for in.stance. 
by boiling a strong solution of caustic? pota.sh 
containing fr<‘o phosphorus. Tn tlu‘se and other 
methods of manufacture, great care has to Im? 
taken to dispos<^ of a.noth(‘r phospliide of 
liydrogen (1*., H,), which is licpiid an<J v(‘ry 
inflammable, evtai at ordinary tem)»eratui\?s. 
A third compound, containing still more phos- 
phorus in yiroportion, is solid (a red pow'd(u') 
and has tlje formula F » H . Now the paiallelism 
hot ween phosphine and ammonia is .still furtlier 
illustrated hy tlie fact that w ith certain acids 
it forms salts whicli precisely correspond to the 
salts of apjmonium. For instanci?, there is the 
salt called phosplioniiim bromide, wdiieh has the 
formula PH , Br, and which exactly corresponds, 
both in its mod(5 of formation and otlim w ise, 
to ammonium bromide (NH,Pr). 

Alloys and Amalgams. Last among 
inorganic; eomjKiunds we may refer to the alloys 
and amalgams, and in tlie first place it i.sneee.ssary 
for us to recall the very dogmat ic statements wu; 
made on page 692 regarding the ditfortmee 
between a mixture and a compound. If that 
difference were a real one?, then we must apply 
the test w^hich it furnishes to these bodi(*8 
and must, so ascertain the^ class to which they 
belong. 4''hc difference bctw(;(;ri an amalgam 
and an alloy is only one of convenience, the 
former word being used, as we have .scon, to 
indicate a metallic mixture or compound which 
contains mercury, and the latter to indicate 
one which does not. 

Now certain alloys — by w hich for the moment 
we will amalgams — do not answer at 

all tos oifr test of a compound. There is no 
ehemical combination because, for one thing, 
there no definiteness of composition. The 


law of fixed proportions is not observed. Tliese 
may, therefore, bo regarded as solid solutions of 
one metal in another. On the other hand, 
certain alloys have a real claim to rank as com- 
pounds, while a large number are partly com- 
posed of a true compound and partly of a mere 
mixture. In discussing steel, wo saw how great 
may bo the practical difficulties of determining 
the exact lino at which wo are entitled to call a 
suhstanco a compound rather than a mixture. 
What, for inst.ance, constitutes the difference 
between cast iron and steel, if it is not that in 
the latt(?r the carbon is combined with tbo iron ? 

And then the question arises whether we 
should not rather say that the carbon is 
dissolved in the iron, steel being thus a solid 
solution of one element in anotlior. Of course, 
carbon is not a metal, and so stotO is not strictly 
an alloy, hut liydrogcm has long been regarded 
as either a metal or the ecpiivakmt of a metal, 
though 8ir Janies Ikwvar’s production of solid 
hydrogen, which d(>(*s not resomlih? a m(;tal in 
any way. S(;a.rccly con.sorts with that long-held 
tlieory. For convenience, however, W'c may 
regard flu? compounds of other metals with 
liydrogen .'is alloys, and so, under lhi.s heading, 
w'e may note the; liydride of socliuiii (Na_;H), 
which is formed by the interaction of hydrog(?n 
and so liuni ; th<; alloy hctwajcn iron and hydro- 
gen. fo ind in miny m(‘t(?ors; and the extra- 
ordinary alloy l.) ‘twct‘n palladium and hydrogen. 

Some Remarkable Alloys, Palladium, 
the reader will reniemhci’, is classed w'itli' 
platinum, and the remarkable absorption of 
ga.ses by Hi is latt<‘r im^tal lias already herui 
descrihed. Now% palladium absorbs, or uo may 
say unites wdlli, not far short, of a tliousand 
tinu‘.s its own volume of liydrogen to form a 
body to whi('h w'(? may allot the formula P.^H. 
This is a metallic body which must bo called an 
alloy, and it is decomposed by heat, the absorbed 
or combined Jiydrog(?n I)(*ing liberated. 

'rile very inte]\‘st.ing ammonium amalgam 
h.'is ;ilrc;ulv been d'‘scril)cd, bocau.s<^ it alfiirds 
us some proof of the existence of the supposed 
compound nu'tal, ammonium. I'arallcl with it is 
soil ill m amalgam, w’hieli is doubtless not to be 
reg.irdcd as a true compound. 'Po numerous 
other alloys w'c have already made references, 
especially tt> bronze, w^hich is of such groat 
historic interest, hut completely to treat of the 
subjei.'t of alloys, or even to do so for the prac- 
tical man alone, would require a course in itself. 

Wo can allot no furth(;r space to the dis- 
cussion of inorganic compounds. The colossal 
and daily growing subject of radium and radio- 
activity, unknown to the ordinary text-book of 
the past and jcally of more importance than 
anything with w liich they dealt, is yet Ixifore us, 
and can by no possibility be briefly disposed of. 
Hence, without further delay, we must proceed 

a discussion of the laws of chemistry, to which 
W'e have made only incidental referoncejiithorto, 
since the logical method, and the method by 
which the lavVs were actually discovered, is first 
of all to ascertain the facts, and then to infer 
the laws from them. 

Continued 
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Gilling and Combing. Wools of long 
staple cannot be treated on the carding engine ; 
tibres like the wools of the vicuna, alpaca. 
Angora goat, Lincoln sheep, and others of the 
long-woolled animals, would only tangle and 
break on the teeth of the cards. Further, the 
character of the worsted thread requires that the 
fibres should bo made to lie oven and parallel — 
an object not exclusively aimed at in carding. 
Wo have need, therefore, of a machine which will 
do for the long wools what the scribbler does for 
the short wools. This is supplied by what are 
named gill-boxes. 

Gilling Machine. Gilling is a minor 
operation, but as it operates on pi inciplcs used 
in other departments, a short survey of the 
machine may bo profitable. The main parts 
of the gill-box or gilling machine [64] are a 
feed-board, fluted feed-rollers, a sc^rii's of combs 
set in slides, screws parallel to the h'cd-rollcrs, 
and drawing-oil rollers at tlie end. Feed in the 
wool and put on the drive. The rollers take 
in the wool and deliver it to the parallel comb ; 
the comb travels forward, followed by combs 
similarly acting, which, w’liilc drawing ofl their 
own shares, support the ends of the w^ool held in 
the teeth of the first combs. In tliis proe(?ssion 
they go till almost touching tlie drawing -oil 
rollers ; the moment the fibres arc taken hold of 
by these last, the comb drops down, d(‘Si‘rts its 
fibres, and returns to the point of starting ; the 
other combs perform in the same way. Note 
the cflect. Tlio feed rollers travel slowly, 
delivering wool at hss speed than the combs 
would take it, and lliey therefore draw it out. 
The drawing-ofl rollers run at a speed still higluT, 
and pull the fibres out of the teeth of the combs, 
giving the wool a further dragging, and, as a 
oonsequonoe, refining. 

' Combers. Usually, a balling apparatus 
is attached to the gilling machine ; but 
cither in the form of the balled coil of the 
gill, or the coiled sliver from the carder, 
the wool is now taken to the combing 
machine. Among the many combing machines 
wo feel rather embarrassed ; they are not so 
many copies of an expired patent, but hoiu‘.st 
expressions of ingenious ideas. The history of 
no machine that wo know contains so many 
names worthy of respect: Hoilmanh, Donis- 
thorpe. Lister, Proller, Crab, Platt, Noble, 
Holden, and M’Naught, to mention only a few. 
Most of these names represent a different’' 
machine, *^and we cannot undertake to study ea(?h 
one of them. The root principle of all, however, 
is contained in the original invention of M. Josuc 
Heilmann, a French native of Alsace, and to it 
wp shall turn our attention first. The central 
part of. this mabhino is a cylinder, divided into 


four sections, two with teeth, aud two plain ; 
projecting from the outer side of the machine 
hang a pair of large nip}»crs, between tho legs of 
which Hits a comlnng guide ; at the side* of these 
run a pair of rollers, movable from the position 
beside tlic nippers dowui to tJio front of the 
cylinder. 

Heilmann*s Combing Machine. In 

this machine, shown iu 65, the sliver is 
fed on to the guide combs D, F. and passes in 
between the open jaws F of tho nippers B ; 
as soon as i‘nough wool has passed, tJie nippers 
close down ; a tuft of fibre, iirejoots, and of this 
tho toothed section of the cimln^ cylinder seizes 
hold, drawing it out, while the. nippers also hold. 
The plain section of the cylinder comes round and 
sets the drawing rollers A going by friction, and 
these pull in the wool while the nippers relax their 
grip, with tho same action pressing the wool well 
clown on tho guide combs 1), E. In those acts a 
combing action is apj)arent, but it is not enough. 
The drawing rollers A swing round and present 
the other ends of the wool to tho second toothed 
section of tho cylinder, and it pulls firmly at 
them ; the plain section of tho cylinder succeed- 
ing, it gives the drawing rollers an opposite turn, 
and th(iy draw out the wool to tho delivery rollers 
C. Under the largo cylinder works a doffing 
apparatus (G and H), which clears off tho 
noils, or remaining fibres, from the teeth of 
the cylinder. 

Lister’s Patent Combing Machine. 

Even Ixffore it had been very well known in 
this country, the French inventor had consider- 
ably improved on the simple model, wo have 
examined ; but tho i>rinciple8 wero not altered. 
Whether original or imitative, it is impossible to 
say, several combing machiiK^s on the nij)per 
principle began to appear on tho market. The 
most noteworthy of these was the combing 
m{u;liine of .Messrs. Lister, of Manningham. 
Thougli so vastly improved as to be practically 
a new maeliine. Lister’s combing machine 
was adjudged by tho British Courts to bo an 
infringement of Ileilmatm's patent. Messrs. 
Lister bought up tho Heilmann patent rights for 
£30,000, and never used tliem. The Lister 
combing niaohino is circular iu form, and a large 
proportion of tJio combs of other inventors arc 
also of that shape. W(^ shall therefore try to 
study tho general structure of the circular 
combing machine as such, without special 
reference to any particular patent. 

Circular Combing Machine. Hound 
the circle of the machine [67] arc tho combs C, and 
within are the screw-gills BB, brushes, and other 
applianoes. Acting on each other and the wool in 
a rather complex way, tho parts of the machine* 
require to be observed very carefully in motion. 
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machine has been 
well designed for its 
function. (yombed 
from the fallcrs, 
combed from the 
carrying comb, and 
finally combed from 
the circling comb, 
the fibres are made 
straight and].mrallel. 

Other Combing 
M a c h i n ^s. In 
most of the principal 
details the other 
models of combing 
machines closdy re- 
semble the kind 
described. One 
mae.b i in'. In )we v(^r, 
largely used, differs 
so much from the 
others that itsliould 
be obs('rv(‘d. On the 
end of this machim^ 
[68], which is named 
the ‘"Eastwood,” the 
wool is laid in laps. 

rr, , 1 . . 1 . Drawn out from the 

j he wool sliver is fed into a. screw gill-liox laj) by a series of gill combs, (he wool is borne 

fiimiJar to that we saw in the gilling machine ; forwaixl to ii nipper, whieii draws it out, of tlie 

but the variations are important. 'I'he gills m- gill leetli. and so ('ombs the one imd. From tlic 

.fallei -combs, as they arc named b(*(*aus(‘ of their nippers llu* liljre is borne and tJivown over the 

falling action, are closely set with fine teeth eireling comb. On tlie outside of the circle 

and slightly depressed in llie centre; above the the draw'ing rolleis an' keeping watch over the 

faller-combs a dabbing brush (A) is geared on an comb, and fis it coiiu's round with its spoil 

eccentric cam, so that it moves up and down tiny pull the wool through from its teeth, 

on the top of the comb, llormi forward on the combing tlu' otiier end, and h.aving the noils 

faller-combs, the w'ool is brought up to a pair inside tJie circle, wIkuicc thev are carried away 

of nippers (D); as it moves toward the latter by knives and depositi'd in a can placed To 

the brush descends and drives the \yool det.ply receive tlu'm. sliver is wound on to a ball, 

into the comb teeth. Ihc ujiper jaw i)f tlie to he ready for tin* drawing process. This 

nippers is a lixed blade ; tlie lower jaw is the maelniui does very well for slioit' wools and 

movable part, a groove in the latter foiming crottons. lli'garding tlie combing of the latter 

the channel lor tiic uppei blade. Swift’ ludioii it is ne<'dlos.s to say much. ()f course, tli.' 

now takes place. The faller-eoml)s close up comparative shortness of the longest cotton 

to the nippers; the jaws close oxer the tuft fibres pre.sents some difficulty, but tluit has bet n 

of wool ; the fuller drops to give place to its overcome, xvi I h remarkable success, by adapting 

fiuccessor, liaiviug the wool in tlu^ nippens with the combing machine to the short staple, 

n dragging motion; the nippers (D) swing away Slivers of Waste SilK and Ramie, 
and enoouft ter a carrying comb (E), which catches The younger fibres of the textile- 

an to the tuft of wool ; the nippers open and o world are sometimes unjustly 

swing back to meet anotlicr faller, leaving treated. Wo have such a wealth of 

the carrier comb in jiossession. As its ^ niaehines already, it seems wasteful 

name implies, the fuiietioiis of tlu* carrier invent special contrivances in order to 

comb is merely to bear the suit them. Waste silk has been accom* 

wool from one point to an- ''Xii!'? iM ' uiodated with special machinery, as we 

other. It turns over to the II > J'ji^ have seen, in the earlier stages of prepara- 

circling comb C. the teeth of tion, but in tho latter processes the 

winch accept the wool, and anothei brush ^ temptation to utilise or adapt the 

(G) comes down and drives home tlu- gift ' • mydiiiies already in use has proved too 

of the garner servant. Round goes tlu^ ipk,., strong. Thus it has come that we find a 

circling comb, receiving ever more woo! ; largo variety of machines forming the 

but in its movement it comes to tlm sliverof waste silk. As a rule, the principle 

drawing rollers, which pull the fibres ^5 of local adaptation works most strongly, 

from its teeth ana loriu them again comb bp fn cotton-manufacturing districts cotton 
into a continuous sliver. An illustra- machinery is utilised ; in tlie woollen 

tion cf: an improved machine is shown in 67. districts wool carding and combing machines 
It will readily be perceived that the combing serve the purpose ; in a factory here and there 
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Dlay in the give and take style of thoir kind, 
refusing to let any fibre pass till the cylinder 
has it lying slraiglit and oven. I’hcin the doffing 
apparatus comes into play, and forms the fibres 
into a long, filmy sliver. 

Knots in Waste Silk. Ramie, as wo 
have said, is at pivsc'iii subjected to the 
sam'* treatment as waste silk. In must bo 
added, liowevc*r, that the newer fibre, responds 
more readily to tlie wishes of the optu’ator. 
When wo Jiave got the lattru' into a slivcu*, 
it is altogether smoother and finer than waste 
silk fibre. While the latter has witliin it 
many little knots and inegularilies, defiant 
of all our care, ramie is very smooth and glisten- 
ing. That is to say, the silk fibres are even 
enougli. but on each individual tibre therti remain 
small and, as yet, imperceptible knots, which 
are certain to give troul)le in tlui future. If it 
were possible to mak(; yarn out of only two or 
three of the fibres, the small irregularities 
might not matter ; but we have to rium mber 
that it takes nim* or ten of the fibres to form our 
Ihinni'St yarn thread. An im])ereeptible d< f(‘c1, 
if multijfiied ten times, will become a very 
apparent one. Rut t wo f)oints one degn^e beyond 
visibility together, and they ari' per(!('j>tible ; 
add another eight, and tliey " ill have In'cemo 
a knot of eonside'rable <lim<'nsions. That is 
one of the facts against which wc have to con- 
tend all through tlu^ maiiufactun* of the liner 
textiles. Waste silk fibre shows a eombinalioii 
of knots very jiroiniiiently, and spetiial means 
require to be adopted to ih'ar them away. 
On the other hand, ramie is singularly from 
that dof(;ct, the fibres being liiKjly regular hi 
structure. After the sliver of ramie lias been 
formed, tlio spinning process is very straight- 
forward. 

Spreadboard. This machine [69], which 
performs for flax tbo same service as the carder 
does for cotton and wool, lias imjiarted to 
textile-machine makers many of (heir best, 
ideas. The silk- filling tuigiiio, th(5 various 
eomber.s, and several oilier maehim^s, oavo 
some of their most important parts to the 
spreader of the flax bms. Line, the naim* 
Avo gi\a^ to that flax which has survived the 
hackling, and the short lihn^ is called Unn. 'Puav 
is dealt with in a dilbui'ul AAay, as avo sliall see. 
Line is the best of the tlax. From the sorters' 
benches it is brought to tlui spreader in bundles 
of stricks carefully kept individual. The 
w'orkijr who attends the machine has the flax 
.stricks laid down h(\sulc tht^ machine within 
easy roach, for this macliino is stili fed by 
liaud. What i.s the precise reason for continuing 
the hand feed avo hardly knoAV. It is nonsense 
to say that no mechanical ivpplianee is equal to 
the task ; on the contrary, the weighing prineiph^ 
which is applied to iJie finished sliver w'ould 
greatly aid the accuracy of the work if it wx*re 
applied to the feeding apparatus. This may ho 
too bold. Lot 118 , tlierefore, hasten to look at 
the machine itself. 

A spreadboard consists of fivi; principal part,s : 
(IJ The hewing rollers, which take the flax from 
the fit^ed-Mird and deliver it slowly to the gills 

• iTse 


or fallor-combs ; (2) the screw-gillsi or falW- 
oombs ; (3) the drawing rollers ; (4) the doubling 
bars, which are not bars at all, but a single plato 
of metal through which are cut diagonal slits, 
inclining to an angle of 45^ ; (5) the delivering 
rollers, which convey the sliver to the cans 
standing at the end of the , machine. 

Motion of Gills. Looking more closely 
into tho machine, w^o see that the gills, 
or combs, are set Aipon screw- bars running 
parallel Avith tho sides of the framsA There 
are two sots of scrcAv-bars, one abovo tho 
other. When tho combs have reached the end 
of the upper bar they drop dowai on to the second, 
and, travelling along the reversed screw, got 
hack to the point of starting, where by a cam 
movement the lower bar lifts them up to tho 
levc'l of tho lop screw, on Avhich they resume 
work. « 

There are a. few other peculiarities in the 
ma<‘hinc, but llieso ciiii best be observed in tho 
working. Tho stricks are laid 4Aviuily on the 
feeding apron, which is an endless hand, like 
all toxtilo feed- hands, though this one is generally 
made of loath(‘r. 'riie feeder must carefully 
watch not to toss the. fibres or disarrange thorn 
in any Avay, laying tho root ends in first, and 
the end of ca(*h suc(‘cssiAXA strick Avell up to tho 
middle of tlu^ one it, so as to make sure 

of a. continuous line of fibres. 

Combing the Flax. Beyond tho food- 
band is a series of vertical stod plates, well 
named conductors, which keep the fibres 
straight and guidis tlicm to tho fe<‘d-rollers. 
Passing through tho foed-rolLrs, tho flax is 
taken hold of by the gilheombs, a row of 
whicli just come bobbing up at tho proper 
moment', and tlu^y carry forAvard tho fibres 
Avith a spinii motion, opening out, combing and 
drawing, as they go along. Arrived at tho 
dra-Aving rollers, the combs bid adieu to tho.fibre.s, 
drop[)ing down, aa hik; the s av if tly running draAving 
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rollers pull the fibres in. Revolving at a greater 
speed than the food- rollers, the draiving' rollers 
elongate tho fibres, and give them oat in tho 
form of flat, slender ribbons to the doubling 
bars. Being set at an angle, tho slits in the 
doubling plate, or bars, direct the slivers in a 
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rectangular path, thu^i enabling the (hdivoiy 
rollers to present tluMu in such a line tliat the 
sliver rijller may combim^ them and stmd a 
Hingle sliver into the can standing at th (3 end of 
the maohine. In tlie form of a soft, thick ropo 
the flax falls in coils into t lie can. 

Bell«gaugc. Upoji the end of the delivery 
roller is geared a small worm which runs into a 
wlieel. This whciol acts on another wheel a<-t eat- 
ing the spring of a bt'll. ^I’he worm winds out 
with every revolution of the chflivery roller, till 
it comes into gear on tJie w Ikm^I, whil li it turns. 


The wheel, in turn, a^‘ts on the bell-wheel, and 
the luill rings, J^y this device the exact length 
of the sliver can bo determined. If the spreader 
has been i)roporly adjusted, aud tho fcM^d 
rcgidaiod aeeording to dt^sigri, the o.xact weight 
of a given lengtli of slivcu’ oan bo ascertained. 
All tho factors, however, need to bo taken itito 
account — th(5 rate of the various rollers, the 
luovtunents of the falhu' eomhs, aiid tho gearing 
of the delivery rollers. K.xporionce alone 
enables the worker to accomplish this diflicult 
aehieveinonb. 
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of a'^kiln varies from 10 or 15 tons up to 50 tons It will be seen that the arches A, which before 

of finished clinker. . the alteration extended right away througli the 

It may be here stated that bottle kilns have whole length of the kiln, have been taken down, 

also been built of much larger dimensions for ext^ept (iver and just beyond the burning 

continuous burning ; but we shall consider chamber of the kiln B. This burning chamber 

them later on. is usually lined with firebricks, and has a lire- 

The Chamber Kiln. The invention of brick grating (('), sui)portcd by an arch at the 
this type of kiln is generally atrributod to ,r. (\ lK)ttom. A(‘eess to the lower part of the 

Johnson, the first to manufacture Portland burning charnlx'r is gained through a doorway 

cement on a largo scale, and is known as the (D), which, during tlio burning, is cIo^cmI by a 
Johnson chamber kiln. As a rule, it is used tcmpoiary brick wall. TtiLs doorway also serves 
in connection with the wet proce.ss, but, in a as a draw-tyc for removing llu' clinker when the 

few instances, for the dry process also. In kiln is burnt oil’. Another door (B), coTincots 

either case, it consists in tlie addition of a long the top of the burning I'hambcr with the gangway 

horizontal chamlxjr flat on the bottom, with an out.side, tlirough which the fuel is brought into 

arched roof, leading from the fiurning ehanihcr tlie kiln. The chanilx'r is covered over by a 

or bowl of the kiln to a chimmy or tiue. 'Phe floor (K) of wrought-iron joists supporting cast- 

object of this chamhcT is to utili.se the waste iron platesextcnding throughout th(‘ wliohUength 

heat leaving tlie burning chamber to dry the of the eh am her, including that portion whieh is 

charge of materials for the next burning. Por arehedover. An inlcrni'‘(lial(‘ lloor ((J), eonsist- 

this purpose, sufficitait slurry for one charge is ing of cjist-iron plati's resting on longitudinal 

pumped up on to tlie flat floor of the drying girders resting again on brick piers is Hrrang(‘d 

chamber, or a corresponding quantity of raw a little way over the bottom of the chamber 11. 

meal bricks sfaoked in the chamber, .so that the Charging the Kiln. The burning ebam- 
heat given Off from her is chargf'd with 

the products of drit'd slurry in 

combustion in tlu^ ^ layms from the 

kiln passing through 1 I ![ floors (J and 11, and 

the chamber, drives J | J' Av ith fuel brought 

the moistun; out of .. in through the 

the raw materials ij ''""‘v 11 doorway K. vSlurry 

deposited there. I'#" ^ f v- // V m V y'/' is tlum pumped oil 

Many forms of hM Iff \ ff /- \\ //' M to the thiors G 

kilns have been b-l pf; V] T f* ‘'ud II in suflieient 

evolved from Ijiii f' - ^ I 1] ® ff <juanlity for the 

simple type, th [ ^ ^ f f j j! f f {! efiarge of tlie 

chambers liav* f / 1 ^ I _| J ' 1 j •! _r' L 1 1 ‘addl- 
ing been made - • r tional quantity 

of different ' ^ slurry is 

shapt's and i* S U- )• pumptal on to 

lengths. Soim*. 



tjhn5^ several chambers are arranged beside or 
above one another, in other form.s l>oth the 
arches have been substituted partly or (Uitirely 
by floor.s constructed of iron plates. 

As an example, avo give in 14 an illustration 
which at the same time shows the Anderson 
patent drying chambers. 

Old Kilns brought up to Date. We 
are dealing here Avith old chamber kilns 
which have been altered to improve the drying 
chambers so as to increase the drying capacity. 

' 2f a8 . 


and this slurry, after drying, (^an be burnt in 
separate kilns, as, for instance*, in Schneider 
kiln.s. 

When the (^liarging of the burning chamber 
and drying floors is eomploted, the kiln is fired. 
The waste heat arising from tlie burning clinker 
ha.H room to expand freely up under the arches 
A and the floor F. The prodm^is of combustion 
are drawn off by the chimney stack L, thro igh 
the flue formed between the two floors (J and if, 
and a continuation of this in the shape of an 

1729 




BMiUMMa ; 

0UO (K). The draught is r^ulatod by 
the dampor^I. 

The outside drying floors F, are covered over 
by suitable roofing to keep the rain away from 
tile slurry. 

When the kiln is burnt off, some of the plates 
in tiie floor F are lifted and left open to get the 
inside of the kiln cooled as quickly as possible. 
For this purpose a couple of openings (M), in 
the arches, are also made, and these openings 
are provided with remov^able firebrick covers. 

We have gone into this sub- 
ject because it illustrates an 
easy means by which eemonf 
works having the old-fashioned 
chamber kilns can obtain more 
economical results with the 
assistance of one of ilio 
modern continuous kilns work- 
ing with dried raw material. 

Jt is possible, with the help 
of improved drying chambers, 
to let the old-fashionerl cham- 
ber kiln not only dry sufficient 
material for its own use, hut 
a very considerable surplus, 
which can then be burnt very 
cheaply in the more moth rn 
continuous kiln. In this way 
we may effect a saving on the 
whole output, which in siweial 
oases lias boon shown to 15 . 

amount to 2s. per ton. 

Continuous Kilns. All 
these kilns may be said to consist of a long 
channel or a sc'rios of burning cliaml)crs form- 
ing together a long channel. I'liis channel can 
be vertical or horizontal ; it can bo built in 
the form of a straight line, tlu^ two ends b(‘ing 
wide apart, or it t^aii be bent so that the two 
ends meet and form one continuous channel. 

The Hoffmann Kiln, M'hc Hoffmann 
kiln is an illustration of this latter j)rinci])le. 
A form of this kiln has already betui descrilMMl 
in Brtckmakino [page 128:11. The burning 
channel consists of two straight tunucls side 
by side, and united at both ends ; a number of 
doorways load through the outside brickwork, 
and give access to the burning channel for 
charging the kiln with ra.w bricks and for re- 
moval of the clinker. The channel is arclu'd 
over, and, as a rule, deliccting arclics arc 
inserttid between each pair of doorways, dividing 
up the burning channel into st'.veral chamliers. 
In the process of burning, the chambers in front 
of the fire are separated from eacjh other by a 
cross partition formed of stout brown-paper 
pasted on. The fire progresses from chamln'r 
to chamber, and travels round the channel 
continuously. A certain numb(*r of chambers 
l^ehind the fire are always cooling, while others 
in fri5nt of the fire are drying. The drying is 
efifected by leading tin? products of combustion 
from the chambers under fire through those 
where the drying is in progress on the way to 
the chimney, which is situated at one end, and 
is connect^ with all the cliambei's by a main 
^ round in the brickwork just outside 



the bumtag channel, Tliie chambers al:e also 
collected with each other through a fine in. the 
centre, so that the heat can be led from any one 
chamber into any. other, and then away to the 
chimney. 

It will be evident that on the opposite side of 
the kiln to where the firing is in progress, the 
chamlxjrs will be coolest. The clinker is dmwn 
out, and raw bricks stacked in this coolest 
chamber. 

The Hoffmann kiln has been used to a 
very considerable extent in the dry process 
works on the Continent, but has hardly ever 
boiMi used in connection with the wet process, 
and has never found much favour in England 
for cement burning. 

Continuous Vertical Kilns. The 

bottle kiln has already bticn mentioned above ; 
vc^ry large bottle kilns are fired continuously. 
When the kiln is loaded and fired in the usual 
manner, and the lire lu^s reached a certain level 
Kome\vher(‘ ncfir the top, clinker is drawn out 
at the bottom, and after the charge has “ set,’’ 
fresh layers of coke and raw material are (charged 
on lo the top of the old (*iiargc. In This way the 
process works continuously. Several modifica- 
tions of this system have been largely cmployocl, 
and among them the use of the Schneider 
kiln has found gi('at favour in England in con- 
nection with chamber kilns with improved 
chaml»ers, whieh are able to dry a considerable 
surplus of slurry, besides w4iat they themselves 
iV(juire. 

As alr('.uly mentioned above, the usual 
drawback to tlu5 eontinuous lx)ttlc kiln is the 
difficulty in obtaining the regular setting 
of the kiln— that is to say, tin? regular sliding 
action of thi‘ charge downw'jirds ; the clinker 
tends to bake* on to tin* fiiebrick lining of the 
kiln, and thus ])re vents tlic' setting. When this 
hap}>ens, the ebarge will hang on one side, and 
the setting beconu's irregular, interfering with 
tlu^ systematic cliarging in of layers on to the 
it)p. Under siudi cinaimstances, a great deal of 
half' burnt elink(U’ is generally formed, and the 
burning is unsatisfactory in every way. In the 
Schneider kiln this is prevented by a special 
loading arrangement allowing the firebrick lining 
to be sc])a!atcd from the cliarge, or rather from 
tlu‘ fuel, protecting the firebrick lining with a 
layer of raw material of such thickness that it 
will only just be calcined without any danger of 
its baking 011 to the sides of the fire bricks. 

Continuous and Periodical Kilns 
Compared. The w orking of a eontinuous kiln 
of this type as compared to the working of the 
ordinary chamber kiln shows a very great 
improvement in outjmt and cost of produ^on. 
Taking an average sized chamber kiln, with an 
output of 30 to 40 t/ons for each burning (which 
takes about five days), the kiln will only produce 
al)out 40 to 50 tons per week. The Schneider 
kiln with dry raw materials will produce from 
80 to 100 tons, or j\ist twice the quantity, and 
the fuel consumption which in the chamber kiln 
averages 8 cwt. of coke per ton of clinker burnt 
will in the Schneider kiln be less than 4 cwt. 
However, it is only fair that should remember 
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that the chamber kiln effects the drying not 
only of its own slurry, but also of tliat burnt, in 
the Schneider kiln, and it doi's not coU 
anything extra to have this surplus dried by the 
chamber kiln. Four chamber kilns of the size 
above mentioned, with propcnly arranged drying 
chambers, will be capablt* of drying .suftic'icnt 
slurry to keep one Schneider kiln going, and 
their united capacity will be r)0 ])er cent, inoro 
than the capacity of the origin d kilns. 

A Modern Vertical Kiln. Another* 
form of vortical continuous hottle kiln is the 
Aalborg kiln which we ow(' to Sluefca- and 
Smidtln An illustration of this kiln Mill le 
found in 15. The raw materials, cither dried 
slurry or bricks, must be quite dry before InMug 
charged into llui pn*-hcater through t h(‘ charging 
doors A. All llu^ fued is charged into the c(‘ntro 
of the kiln through a numlxu* c)f shoots (BU), 
built into the firebrick lining of the kiln half-w'ay 
down between A and the grating R, and the 
burning takes pl!icc3 mostly in the conienl-sliaped 
burning chamber, wIku'c tiu'se shoots enter tho 
kiln. In the chamber below, the clinker cools 
and the (diarge is gradually heatc'd in the narrow 
neck and fuv-heater above by the wast(‘ lieat 
from the burning. Th(3 economy in fuel in a, kiln 
of this construction lias lu'cn brought to a 
maximum. 'TIk^ consumption of coal on an 
average is ratluT less than .‘1 cvvt. ])cr ton of 
cement produced, and common small gas coal 
(ran be used as fuel iristi'ad of c(»ko. 

Oil the other hand, (he hurniiig of th(‘S(* kilns 
requir<‘s a, considiTahle amount of skill. 

The kiln has fouiu! much favour in America 
and on the Ooiitinent, anil also in our Colonies, 
but not much in Fnglanil itself. 


The Latest Type — the Rotary Kiln. 

In all the kilns wo liave so far mentioned it 
will 1)0 seen that thi^ raw iiiaterialft — Avhethor 
made on the Met or on the dry process. — must 
be loaded into tlu; kiln in the form of bricks or 
lumps. None of tJu sc kilns has been adaphal 
for receiving the raw inat(‘rials in the shape 
of a dry poMal(*r or a Met slurry, though some 
of them have been arranged to iitilisi^ the Masto 
heat from one hurning to dry the necessary 
charge for tjie next. Kven in these cases, 
hoM'cver, tho matiirial has to he handli'd after 
being dried. 

The idea of constructing a furnace w^hich 
Ma)ul(l receive tlio material either as a dry 
powder or as wet shiny wit hout further handling, 
and convert it into clinker in one operation, is 
a very tempting one. I’his is what the rotary 
kiln actually accomplishes. 

Original Rotary Kilns. The history 
of its discovery and development need not 
detain us long. Tlie hrst rpi^ords are to bo 
found in the patent rcgistirs as f:ir hack 
as IS77, when 't’homas Russel (Vampton, M'ho 
had in (he preceding year patented a revolving 
furnace for roasting ores, (vxtmidcd tlie a])])lica- 
(ion of his invention to cement. If is kiln 
docs not seem, hoM’cvi'r, to have been lieard of 
since then, and in IHS5 Frederick Ransumo 
patented jiractiiailly the same thing, hut in a 
ra.lliei>*l)ctter form, and several kilns were built 
and Morkeil. 'i'hiy were all abandoned before 
very long, as tlie laial 
was found to be extra 
probably biMavuse the 
too small and could not 
propiM'ly. 
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S consu mjition 
vagantly high, 
ki Ins M'cre much 
utilise tho fuel 


The princi])le of all continuous kilns is well 
illustrated in the Aalborg. It consists in 
utilising the waste heat in tlie kiln itself. The 
actual burning takes place hi the middle, and 
this part of the kiln is supplied M'ith hot air 
M^hi6h ha.s pas.sed over tho eooling clinker under- 
neath, while the hot gases from the burning 
clinker passing up give a fueliminary heating to 
the raw material aliovc in the upper part of the 
kiln before it reaches the intensely-heated 
middle portion. 

As the burning of the fuel takes ])lace with 
access of large quantities of very hot air, the 
burning is very complete, and the fuel is utilised 
to the utmost. At the same time practically 
no waste heat leaves the kiln. 


Tlie next we hear of the rotary kiln is in tho 
United States, whore kilns of a practical size - 
(it) ft. long and 5 ft. in diameter — were intro- 
duced. 

Originally they wi^ro inteudixl for hurning 
cement by means of mineral oil, but the applica- 
tion of the kiln Avas soon cxtiuided, and it was used 
both for wet and dry iuati*rial, and was tired 
by coal dust or natural gas as well as oil. The 
use of coal dates hack only to about tin* year 
1807, as before this kilns using liquid fuel only 
were Avorked in America. 

Principle of the Rotary Kiln. The jirin 
ciple of the rotary kiln is illustrated in 16, 17, 18, 
and 19, and is extremely simple. The. kiln con- 
sists merely of a long, straight cylinder, Avhich is: 

i7;u 


aultmiia 

to rovolve slowly by means of live rings 
on roller bearings and a suitable driving gear. 
The^ kiln is not quite horizontal, but erected 
.with a slight incline, so that the material moves 
slowly do'wnwards actuated by the force of 
. gravity. 

At the upper end tho cylinder enters into a 
brick-built chamber, and on thin, or on another 
brick-built chamber connected wnth tlw* first, 
a chimney is placed to carry away tho products 
of combustion. 

The low('r end of tho kiln is closed either by 
a fixed wall or a niovabb* hood clearly st*.en in 
17 , i^ith an opening at the bottom, through 
which the clinker falls out. I'hc cylinder is 
lined entirely or partly with firebricks in order 
to protect the iron slwll from the ex;<*( ssive heat 
and wear arising out of lb<' quantity of hot 
clinker moving down it, and also to keep the 
heat belt<T in the kiln by preventing too much 
radiation through tin' shell. 

Th( speed of rotation varies somewhat, but 
it is rarely more*! ban one revolution per minute, 
and usually 
less. The cb- 
m 0 n s i 0 n s , 
which origin- 
ally were at 
most fiO ft. ill 
length by 5 ft. 
in diameter, 
have gradually 
been increased 
and are noAv 
commonly 120 
ft, in length 
and 6 or 7 tt. 
in diameter. 

'At ^ EdiHon's 
Oement Works 
in Stewart h- 
villc, U.S.A , 
cast-iron kilns, 
made of pipe s 
joined to- 
gether by flanges have been made 150 ft. long 
and 0 ft. in diamct<*r. and thcM‘, arc, so fur, tin* 
biggest kilns tliat hav<' ever been eonstrueted 

Clinker Coolers and Utilisation of 
Waste Heat. In eonrn'ction with the lower 
end of the kiln a clinker cooler is commonly 
used. This is not absolutely necessary, and in 
many American works the clinker simply drops 
on to the tloor or into a stet'l wheelbarrow and 
is carru'd outside and spread on the giound 
to cool. In other American works the hot 
clinker as it falls out of the kiln is elevated by 
a strong chain-bucket elevator to the (op of 
a cylindrical cooling tow'er. Tlii.s tovv'er is 
sometimes provided with artificial draught to 
cool the clinker, which then falls out at the foot 
TOf the tower, and is thence taken away to tho 
mill. 

In modern practice, liowevcr, a revolving 
clinkor cooler is generally used, although the typo 
of machine is subject to considerable variation. * 

The clinker cooler is seen under the kiln 

in 17, 
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In the Hurry A Seaman kilns the rotary kilns 
themselves arc laid in pairs, each pair having 
three coolers so arranged that two of the coolers 
take the olinker from the two kilns and bring 
it together into the third cooler, whence it is 
finally discharged quite cold. These coolers 
lead away from tht* kiln, so that the material 
from start to finish travels in the same direction. 

In most of tho other systems, however, the 
coolers are built under the kihis^ so that the 
material in the cooler travels in the opposite 
direction to that in the kiln. 

Smidth's cooler,seen imdt'rthe rotary kiln [16], 
consists of tw’o cylinders, one inside the other, 
and the material travels first in one direction 
inside one, the inner one, and then in the opposite 
diri'ction outside it but inside the outer one. 
Th(' object of this is to heat the air, which by 
natural di aught or liy tlie assistance of a fan 
passes througli the cooler. This air current 
cools the clinker and the air is made as hot as 
possibb' when it leavc's the cooler to enter the 
kiln. The combustion of the fuel will bt 

greatly assist- 
ed by hut air. 
the hotter the 
better. 

Th(^ revolv- 
ing cooler is 
constructed of 
iron plates and 
fi 1 1 c d with 
ninning and 
driving gear 
of the same 
nature as that 
used for the 
kiln itself. 

Firing the 
Kilns. In 
some plaees 
\ n A m e r i c a 
natural gas has 
been used, and 
in very few 
ea‘<(S wab'i’ gas or producer gas. In such 
e.ises tb<' firing device is very simple, consist- 
ing of a gas pijiewitli the necessary means for 
regulating tiu' jet. 

Oil has l)e(‘n an<l is used to a large extent, 
especially in the .United States, where m many 
parts it is extremely cheap. 

The oil Hows from a tank under a certain 
pressure, anrl pasM s out from a special injector 
Of nozzle*. Tt IS thus reduced to a form of 
sjrnxy, sometimes assisted by steam jets placed 
iind(‘rneath the oil j(*ts, or connected dirocdly 
with tliem. 

By far the most general way of firing the 
kiln, however, is by means of powdered co'al 

To grind the coal sulliciently fine it is, as a 
rule, nc'ccssary to dry it first, and for this purpose 
we naturally utilise some of the waste heat from 
the kiln. We can arrange the plant to dry the 
coal by bringing it directly into contact with the 
lower hot end of the kiln itself, either by par- 
titioning off the brickwork, a hopper-shaped 
room through which the kiln passes, or by 
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surrounding the kiln with a mantle and passing 
the coal through the room between this mantle 
and the shell of the kiln. 

Another way to dry the coal, wbich will bo 
mentienod later on in the dcscriplion of aetual 
rotary kiln ])lantR. oons's's in passing the coal 
through a drying drum heated by means of the 
hot air from the clinker cooler on its wav to the 
kiln 

Co^l Grinding. Oriiub 
ing coal is a simple matter, 
and several classes of grind- 
ing machines are found 
suitable. It is only a 
question of woi’king cost 
and repairs incurred in ob- 
taining a product of the 
requisite degree of lineriess. 

Tile coal-grinding macliiiiery 
is seen in 16 in the buihl- 
ing adjoining tlie kiln hotise. 

Ball and tube mills, or a 
combination of the two, will 
prove the most economical. 

The coal dust is delivered 
from the drying and grind- 
ing ))lant into a bopjier with 
an extracting worm, wlieiv a 
sufficient quantity for sin tu'al 
hours’ working is always 
stored, so as to avoid the danger of stopping 
the kiln in case of a slight misliap in the coal 
mill. Two hop]>crs may bt^ seen at tJie far 
end of the kiln 1,19]. From the bottom of this 
hofipcr tlic coal dust is extract <‘<1 by a worm 
provided with an appliance for regulating 
accurately the quantity of coal tlust fed into the 
kiln. From this worm it is dropped into a 
nozzle, tlirougli which a 
strong current of aii* from 
a blast fan is driven. Tla^ 
coal dust mixes with the air, 
and is carried along with it 
to the centre of the lowt'r 
end of the kiln. 

The Inlet for. the 

Raw Material. This is 
extremely simple in con- 
struction, the dry meal 

hiding fed from a ho])per by 
an adjustable fei'd arrange- 
ment, through a shoot, and 
direct into the kiln. Some- 
times a small quantity of 
water is addl'd to it in a mix- 
ing and moistening rxiacliirie 
before fettling into tJie kila, 
to prevent the fine Hour 

from being carried away by 
the draught to the chimney. 

If the raw material be in the form of slurry 
it is fed into the kiln through a pipe, means 
being provided for a constant pressun', or head, 
of slurry, and the inlet pipe to the kiln being 
provided with a> valve for regulating or stopping 
the flow. 

Output by the Rotary Kiln. The 

results obtained by the rotary kiln are very 


different in several respects from those ob- 
taiiu'd by any other system of kiln. Tho 
clinker is miudi more regularly burnt, and, a.s a 
rule, of more regular shape. It leaves the kiln 
in the form of small round lumps, sometimes 
conglomera ted into masses, and randy exceeding 
the size of a small egg, tvla^reas the clinker lorincd 
in otht'f kilns consists of largo vitreous and 
spongy lumps. Tlu' rotary 
kiln clinker is muoli harder 
to grind than tho ordinary 
clinker. 

Th(‘ output from ono 
rotary kihi t»f tho ordinary 
size— say, lOd ft. long and 
7 ft. in diameter- is about 
ntf-tU) tons pi'r day when 
burning i\nv meal, and .'}5-4() 
tons when burning slurry. 

'Plu' coal consumption i« 
not so low as with some of 
th(^ more economical eon- 
tinuous shaft kilns. With 
raw meal it puiy 1)0 said 
to vary bc'twi't^h 4.J and 5.J 
(;\vt. per ton of edinker 
])rodu(H'd ; and with slurry, 
Ix'tw'een . o and (> owt., 
aiu'ording to tho quality of 
the coal and tlx' nature of 
tlu; raw materials. It must, however, ho ro- 
metnlM'icd that the fuel used is coal, whereas, 
with very few' exc<'])tions, (soki; is required ill 
the other sysleins of kilns. This is very often 
much more (‘xpi'iisive than coal. 

In 17 tho firing I'nd is tlu; near end. The 
narrow pipe shown is the coal dust feed pipe. 
Th(‘ large one is (he liot air fcial [>ipe. d’ho end 
of the cylinder is formi'd of 
a movable hood, w'liicdi can 
Im' taken away for (deaning 
purpost's. Th(' lever handles 
set'll m (lu‘ front arc for 
rt'gul.iting tlu' feed of raw 
matt'rial at the other end of 
the kiln. 'I’lie circular rack 
about half way down the 
kiln is part of the machinery 
whi(;h causes the kiln to 
revolve. This is seen Ix^tter 
in tlu; iK'xt illustration [18], 
ITideriu'ath the. kiln the 
(tylindritail clinker cooler 
may be seen. 

Driving Gear. Fig. 18 
sliow's vrry eh'arly tho 
flriving gear. The kiln rests 
on fried ion rollers at the 
middle and two ends. Tho 
middle roller is seen in the 
illuslralion as a polished circular steel hoop, 
resting on steel rollers and lying next to 

the circular rack wdiicda drivt's the kiln round. 
Note the angle irons and metiiod of fastening 
the rack to the body of the kiln. 

The illustration 1 19J shows two rotary 

kilns lying side, by side, and looking towarefs 
tho tiring end. ilere each kiln is provided 
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witii a small hopper, containing finely powdered 
coal or coal dust for firing. These small hoppers 
lepreset^t the only store of coal dust. In some 
ol the American plant large stores were built for 
the powdered coal, and many fatal accidents 
occurred, owing to the liability of powdered 
coal to fire and even explode. In a single 
accident caused in this way, in an American 
works, twelve men lost their lives. 

The Rotary Kiln Saves Labour. 
TIkj labour in the rotary kiln is naturally 
reduced to a minimum. There is practically 
no actual labour required, hut there must, of 
course, bo a burner to take eliarg(^ of the kiln. 
Ho regulates th(^ feeds of raw material and 
fuel, and looks after th(5 kiln in a general sort 
of way. As a rule, each kiln has a burner who 
is responsible for its working, but where labour 
is very expensive it is quite possible for one man 
to look after two or even throe kilns. In the eoal 
drying and grinding depart mi nt th(‘re must be 
a man to handle the coal as it comes into the 
•mill, and. of course, there must an engineer 
to look after, ;^ie machinery generally. 

It will, howewer, be seen that th(‘ rotary 
Jdin is an offieieiit labour-saving eonirivaiie(‘, 
ospeoially when it is nuneiubercd that the 
conversion of raw materials into bricks or 
lumps is (‘ntircly avoided. 

Crushing and Grinding Cement. 
Until comparatively few years ago, millstones 
were commonly used for finishing eenunt 
clinker, after it had passed a stone (.rusher or 
crushing rolls. With the inenasing demand 
for finer grinding, liOM'(*ver, millstones luive 
proved too expensive, not only in resp(‘et to 
the power required to drive them, but also 
in upkeep. 

The old sp(^eitieation of fineness was such 
that 10 per cent, residue wa.s aliowc'd on a mesh 
No. 50 containing 2,500 holes per ‘square inch. 
Nowadays tlie specifications arc far mon* 
stringent, as will be seen later when we consider 
the testing of cement. 

To grind to such a finenes.s with millstones 


would be quite impracticable'; with the incroaa- 
ing fineness the stones must be pressed tighter 
together ; the output from each pair of stones 
will conscf uently fall quickly, while the power 
consumed at the same time rises very .rapidly. 
Besides this, the stones must be dressed mudi 
more frequently, and the exjxjnse involved 
becomes oxcepsivo. 

Merits of Mills. For a long time ball 
mills were usotl to a consideralfie extent - as 
finishing grinders, but with the demand for 
increasing fineness in grinding, flic gauae 
through whi(di the ball mill discharges the 
finished product had to be made so fine that 
the cost of repair on the delicate screens ran 
very high. 

The introduction of the tul>o miU, and the 
division of tho grinding into a preliminary 
coarse grinding, and a fini.shing fine grinding 
efieeied by this machine, imxdi^ the lino grinding 
an easy and inexpensive matter. 

As flicsc machines have been dt'seribed under 
the dry grinding of tht^ raw materials it is not 
necessary further to enlarge on the matter at 
tbi.s stage. 

'Die grinding of cement ditTers from that of the 
raw materials only in so far tho cement is 
a harder substance, although this in itself 

doe.s not make much ditferenee in the grinding 
operation. 'Hie hardness of the clinker varie.s 
c(uisid(‘rably, and tlu^ output which can V>o 
obtained by mills of a certain size is, therefore, 
very variairlc. As a rule the clinker burnt in 
ordinary bottU'! kilns, citluT ])eriodical or 
continuous, is so inueli softer than that burnt 
in the rotary kiln, that when a set of machino«s 
(.tail redueo six tons per hour of an average 
bottb^ kiln clinker, tlic same machines will 
sometimes trc'al only four tons of a liard rotary 
clinker when grinding tlK?i same fineness. 

A typical firrangement- of a modem cement 
mill, with improved ball mills or kominors, and 
tube mills, will bo found in the description of 
a dry pro(a'ss ecmient works, with which wo 
shall continue this course. 


Cemtinued 
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SOUPS 
Tomato Soup 

Incjrfdients. Two poondsof tomatois, oiirouiico 
of })Uttor, two ouiK'i'Si of Icjni Imcoii, diio ouoco of 
sago or friisluvi tapiooii, oiio onrrot nod oiio onion. 
Olio sfiok t)f oolory, a l)inu'li of parsley and l;«‘rl>s, 
a quart of Htoek, salt and ])«>p]i(‘r. 

Method. Cut the biuion in small pioccs, 
and fry it for a fow minutes in tlio butter. 
Wasl\ and pn'pare the vi'gelablcs, cut them up 
small, and fry them for about live minutes 
with the baron and butter. Ne.\l slice the 
tomatoes, add them, and the herbs and stock. 
Put the lid on the pan, and boil the coni (Mils 
till lender. Then rub the soup through a 
sieve. Rinse out the pan, put hack th(‘ soup 
and let it boil, then shake in the sago, and let it 
boil till the scugo is clear. Season it nicely AvitJi 
salt-, peppiT, and castor sugar. ' Servo with it 
some fried broad. 

Artichoke Soup 

IN’OREIDIENTS. Two poiiml'i of dcniHidcm art u liokc.s, 
two ounci'.s of hn|t('r, one sinull nni(»n, two oyurM 
a little celery, orio pint of wliite stock or inilk-aiid- 
water, half a pint of half a toisjuionful of 

chopped iaiTagoii. salt aial pepiter. 

Method. Wash, peel, and trim the art i- 
eliokos. .Afelt the hufltu’ in a steel or ('namellcd 
pan, put in the articliokt'S and the onion and 
celery ent in slices, t’ook Ihese eandully for 
six or eight minutes, taking earo tluy do not 
get at all brown, 'riuui juld tin* stock : put 
the lid OTi tlie pan c-od let tin; contents <-ook i ill 
they are tender ; then rub all through a wire 
siev^e. Put it hack in the pan. Peat uj) tho 
yolks of two eggs, and strain them into tho 
erearn : then mid it gradually to tho soup. 
Stir it over the lire luitil it is quite hot, and the 
('ggs cooked ; hut do not let it boil, or lJ)e eggs 
will curdle. See that, it is nicely seasoned, and, 
just at the last, sprinkle in the chopped tarragon. 
This SOU]) should be about the thickness of good 
cream. H it is too Ihiek, Jiihl more milk. .Vll 
milk used for this soup should Jirst he boiled, 
otherwise the soup will not he a good loloiir. 

Potatoes ma}' he used in tin; s<une way to 
make Potato Soup, in which case the tarragon 
siiould bo 0)nitled, and, if liked, the cream. 
Add one ounce of crushed t apioca, and cook it till 
it is el{*ar. 

Mulligatawny Soup 

Jeorkuient.s. One pound of iniittori, one ounce 
of buUor or darilied fat, two luriiip.s, carrots. <»nionM 
and npi)lcH, one tnhlc.sjjoonfid of cnrry-powd«*r, a 
little Iciiion-juicc, two ipjarls of water, two 
of dour. 

Method. P<‘cl and slice the vegetables 
and apples. Mt^lt the butter in a saucepan, 
then add the vegetable’* and apples, and fry 
them all for a few minutes. Put in about one 
pound of lean mutton, cut in small pieces. Put 


the flour in a basin, mix it in enough cold tvater 
to make it into a smooth batter ; and when the 
conttuits of th(^ saucepan are boiling, pour in 
this hatter and stir it for a finv minutes, to 
jirovent it from getting lumpy. 'Dien ])ut tho 
lid on the pan, and let it simmer gently for two 
hours. Next nil) it all through a sieve -if one 
is available ; otherwise, mash up all the vege- ^ 
tables as finely as ])ossihle. Jk)ur it hack into 
the sam*epan, and let it come to the boil. 
SiNison it with salt to tastis serve it in a hot 
tun‘en, and hand with it some nicely l)oiled 
rice. 

Pea Soup 

lNf;RiCi*iK,NT*^, Half a piiil of split peas, on<‘ ounci> 
(»l dripping or hiiUof, •aid largo onion, a emrot and a 
turiiif), linll a l»c»jd of ct l•‘ry, a ,s»nall bunch of parNicy, 
two quarts of water, .stociv or pol -li(|Mor, a raw ham* 
bone or .soni«‘ I I'iimiiinas of bai’on, salt and ]M*pj)(‘r. 

Method. Soak the peas ovtu* night. Drain 
olT tho wattT from them. Melt the dripping or 
hutttu’ in a saneepan. When it is hot, adtl to it 
the ])cas, onion, turnip, carrot, and the celery, 
all tliinly slic(*d. SI ir these over the fire in tho 
dri|)j)ing for live ininutt's. Next put in the 
parshy, the watiu’, stotde. or ])ol-liquor (litpior 
ill which meat has Immmi h()ilt‘d), the ham -hone, 
or sonui trimmings of ra,w bacon. Cook gtmtly 
for about two hours and .a half, or until the 
])eas are (piiti' soft. 'Ilicn rub all the soup 
through a vvirt‘ si(‘ve. Ihdioil it, w'ell se,aKon 
with Stilt jind ])cpper, and serve driial, iincly- 
])()\vdcn‘d mint with if. 

Lentils may he treated in th(‘ same way to 
make Lentil Soil]). 

Clear Soup 

In'chi.diia is. F'S' till' slock - 'I'lirct' pouruls of shiu ■ 
ol ln« f. Ilir- c qinii’t.s of cold wutcr. ojn' carrot, tuni 
♦ ntiiip, oiH- onion, b df a licail of (•••lcr\ . n bnneb of 
p.ir-|c, and lM'rh.s, two lonnitoc.s, a blade of inacc, 
four pcppcrcorn.s. any .scra}>.s of cbickini. liaiii or 
ponl(i\. 'r«) clarify the slock - Half a pound of loan 
i)ccf 1o «'ach two ((uaris ol stock, one larrot, ono 
onion, bah a large turnip, tlircc' allspice, two cloves, 

I be whites of tw»> ^ggs. 

Method. Remove all fat from the shin of 
beef, and mil the meat into inch squares. 
Hivak up tho hones and take out the marrow. 
Jhit the meat, bones, and Jialf a teaspooriful of 
St* It into ii large stiucepan with llu* water ; bring 
it slowly to the boil, then skim it well. Wash 
and prc])are the vegottihles, cut them in small 
sqiitirt's, then add the h(^rl)s, p(‘pp(‘reorns, made, 
and the trimmings to 1h(5 rnecd. fhif the lid on 
the pan, and boil the stock ntcMulily for four 
hours, keeping it well skimmed. Then strain 
it thrij-igli a glass cloth, or a fine hair sievi*, find 
leave it till cold. ('arefully remove all fed, 
and wipe tho surface over with a cloth dipped 
in boiling water ; measure the sou]), and put 
it into a clean pan. Allow l<‘an beef in tho 
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given proportion. Either scrape it finely or 
. pass it twice through a mincing-raachine. Put 
the moat into the soup, r,d(i to it the carrot, 
onion, turnip, and spice, after having carefully 
washed the vegetables, and put the cloves in 
the onion. Let the pan stand at the side of 
the stove for twenty minutes, then ladle the 
soup gently out of the pan into a clean cloth, 
which has been tied over the legs of a chair, 
turned upside down on a table, with a basin 
placed under the cloth. The soup should run 
through the cloth quite clear ; if not, put it 
back in the pan with th'e minced beef and the 
stifily -whisked whites of two eggs. Stir it over 
the fire for a few minutes, pour it back into the 
cloth, and it will run out clear — tliat is, unless the 
cloth or basin be greasy. 'J’ho (-k^ar Soup is 
now ready, and may be served plain or with 
some garnish, such as slircds of cooked vege- 
tables, in whicli caiuVit would be Julienne Soup — 
the soup or “ consomme. ” taking its name from 
the garnish. 

Pot-Au*Feu 

Jnouedten'ts. One uud a half pounds of to|wideof 
beef, one eahha^je, one lar^o eurvot, two onions, twd 
locks, Olio t»‘asponuful of parsley, one turnip, two 
tablespoon flits of .snjro, cold water, .sail and pepper. 

Method. Wipe the nu‘at. Tie it in shape 
with string. Put it in a larg(‘ pan with cold 
water to cover. Add half a teaspoonful of 
Balt. Bring to the boil and skim it. .<\llow it 
to Bimmer gently whih^ the v(‘gotabl<*s are 
prepared. Trim and eiit tlic cabbcige in halves. 
Lay it in cold, salted wader. Wash, sera]>(*, 
and quarter tin; earrot. Wash, iteel, and 
quarter the turnip. Ptsd and quarter tlie 
onions. (5ut off all but two or three inches of 
the green top of the leeks. Wash each well, 
and halve them lengthways. Tie the cabbage 
together with tape. Put in all the vc'getahles. 
Cook till they are tender ; those that an; cooked 
first must he lifted out and ke[)t hot. ^Jdie 
pot-au-feu is then ready. Lift the moat on to 
a clean hot dish. Arnuigc the vegetables 
round it. The cabbage must lie untied, and 
can be served separately if liked. Strain the 
stock into a clean pan. When it boils again, 
shake in the sago and stir till it is clear. Add 
the chopped parsley. Season, and serve this 
broth ill a hot tureen. 

MEAT 

Roast Leg of Mutton 

Tnoredients. a wcll-luui^' leg of inutlon, an 
ounce of di*ip[)iiig. 

Method. Wipe the outside of the joint 
quickly over with a cloth wrung out in boiling 
water. Chop olf the shank-bone all but about 
two inches. Next w'eigli the joint — this is 
necessary, as you must kno’vv the weight before 
you can calculate how' long it will take to 
cook. Allow fifteen minutes for each pound it 
weighs, and fifteen minutes over — thus 
joiqt weighing nine pounds would take two 
and a half hours to cook. Either put the 
joint before a brisk fire, or in a hot oven, for 
the first ten minutes ; then move it to a cooler 
part,, Keei> it well beste<^-~ifc should bo basted 
every ten minutes— to prevent the outside of 
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the Joint getting hard. When done, the meat 
should be a nice brown, and should feel firm 
when pressed. . Lift it. on to a hot dish, and 
make the gravy. First carefully pour off all 
fat from the tin, and pour into the tin three- 
quarters of a pint of boiling water or stock ; 
stir this over the fire, scraping the tin well to 
get off all the gravy and brown pieces which 
wc^ro left in the tin. Stir it over the fire till it 
boils, season it carefully with salt and popper 
and strain it round, but on no account overp 
the joint. All joints should be treated this 
w'ay ; but should it bo a piece of solid meat 
w ith no bone in it, it is sometimes well to allow 
twenty minutes for each pound. Pork should 
l)e allowed twenty minutes. 

Boiled Leg of Mutton t 

Ingredients. A leg of mutton weighing about 
Bcvi'ii pmiiuls, throo carrots, tlirco tiirnip.s. 

Method. Wijm the joint over with a cloth 
dipped in hot water, then weigh it and allow 
lifteeri minutes to every pound. Have rt>ady a 
large pan of boiling W''ater, put a tablespoon ful 
of salt in it, and then the joint. it boil for five 
minutes, tlien skim it and put in the vegetable 4. 
Draw the pan to the side of the stove, and let it* 
simmer gently until the joint is done. A joint 
wiughing seviui pounds wull take one hour and 
three-quarters. Put the joint on a iiot dish, nr *ang 0 
the vegolahloH round, and a little of th(i liquor. 
Serve with it a tun^cn of caperor parsley sauce. 

Salt meat should bo put into warm water, 
brought to the boil, and tficn bo allowed to 
simmer till it is don<\ Pork requires to l;e boiled 
tivc'nty minutes for each pound. 

Haricot Mutton 

Ingredients, 'two pounds of best end of nock of 
mutton, two carrots, tAvo InrnipH. two onions, oiio 
ounci'! of ilripping. one ounce of (lour, salt and 
pepper, a little rnushrodm ketelnip. 

Method. (Jut th(^ m^ck into small neat 
joints, ‘and trim off part of the fat. Wash and 
prepare^ the vegetaVJes and cut them into neat 
dice. Melt the drip])ing in a stiwvpan, and, when 
it is v(*ry hot, put in the vt'getahles and fry them 
a light browm. Lift tlunn on to a plate, put in 
the meat and fry it quickly to close up the sur- 
face of the meat and to keeji the goodness inside, 
otherwise tlie gravy w'ould be enriched at the 
expense of th(' ilavour of the meat. Lift the 
meat on tf) a plate, sprinkle the Hour into the 
pan, and fry it carefully a pale brown. This is 
an important point ; if the flour is not well- 
bro\\ued, the stew will he a bad colour. When 
this is done, {K)ur into the pan one pint and a half 
of (Jold water, stir over the lire till jjt boils and 
thickens. Then season it, add the ketchup, and 
put back the meat and vegetables. Put the 
lid on the jian and lot it simmer gently for two 
hours, occasionally skimming it. Arrange the 
meat in a circle round a hot dish, put the vege- 
tables in the centre, and pour the gravy over. 

Beefsteak may bo treated in exactly the same 
manner, and is called “ Stewed Steak.’* 
Braised and Stuffed Shoulder of 
Mutton 

Inorkdients. a shoulder of mutton, four ouneea 
of broadcrumbs, three ounces- of bacon, one teaspoon- 
ful of chopped onion, one teaspoonful of chopped 
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parsley, one teaspoonful of mixed herl.>g, two teaspoon* 
fuhi of chopped mushrooms, one egg, salt and pepper. 
For braising-^A btinch of parsley and herbs, two 
quarts of stock, one large carrot, tnrnip and onion. 

Method. Bone the mutton, leaving in the 
knuckle-bone, which should be sawn off to a neat 
length. If there is any difficulty about boning 
the joint, the butcher will do this, although it is 
quite easy, providing one has a sharp knife. 
Mix together the breadcrumbs, mushrooms, 
herbs, onion, and parsley. Season highly and 
binji them rather stiffly toget her with t he beaten 
egg. Push this stuffing into the cavity made by 
removing the bone, and with a trussing-ncedlo 
and fine string sew up the edges. Tie the joint 
into a neat narrow shajw witli t api‘. VV oil butter 
a deep stewpan, put in tlio bones that liavo been 
taken from the mutton, and the carrot, turnips; 
and onion ent into slices, also the bunch of herbs 
and parsley, which should have been previously 
washed. Lay the joint on the vegetables and 
pour on the stock ; put on the lid and let Iho 
meat simmer very gently for from about oiio 
and a half to three hours. Wlum done, place the 
meat on a hot dish and brush it over with a little 
melted glaze to brown it nicely, and servo it 
with brown sauco. Mint sauce should also bo 
handed round in a tim‘(‘n. 

Lamb or veal may be treated in the same way. 
For the latter, a teaspoonful of grated lernoii- 
rind should l)e added to the stuffing. 

Irish Stew 

Inoredients. Two pounds of middle) of nock of 
mutton, four pounds of potatoes, one pound of 
onions, ono pint of cold water, salt and popp<‘r. 

Method. Wipe the meat with a cloth 
dipped in hot wat(‘r. Cut off the gristle, and 
divide the meat into small joints. Peel and sliet) 
tho onion. Put the meat, onions, and water into 
a saucepan, and put it on the lire ; when it comes 
to the boil, skim it well. 8(uub and peel the 
potatoes, and cut them in halves. Put tlio 
potatoes in a s<auce{)an on the top of the meat, 
add a little seasoning of salt and pep])er, and let 
it simmer gently for two hours. Arrange the 
potato 0 .s in a ring round a hot dish, and put, the 
meat in the centre. ' Pour the onion and gravy 
over. Should there be any gravy left, it ean 
be put in a hot tureen. 

Roast Beef 

Ir^GREDlENTS. Niiio pouiuts of sirloin or any olh»*r 
good cut, one ounnn of d^i|)])iM>^^ salt- and pejipor, 
0 . buiall stick of liorscradish, if i)()ssil)l*\ 

Method. Wipft the joint and lie it firmly 
in shape. Tie a piece of greased paper ovt-r the 
top fat, removihg it the last lionr. Hoast tlie 
joint before the fire, or bake it in tho oven for 
about tw'o and a half hours. If tlie meat is 
baked, or if it bo very fat, the paper need not bo 
used. Put the extra dripping in tlie tin with tho 
hoof, and baste it frequently. Wlum cooked, 
place tho joint on a hot dish in a hot place, and 
pour the dripping out of tho tin, carefully keeping 
back all brown gravy and particles. Add about 
half a pint of boiling water or stock to tho 


contents of tho tin ; place tho tin over tho lire, 
stirring and scraping it well, in order that the 
particles just mentioned may flavour and colour 
the gravy. Strain this, after it is seasoned, and 
pour it round the joint, 'which may be garnished 
with little tufts of grated horseradish. 

Beef Galantine 

Inouedients. Ono pound of boofstonk, half a 
poninl of breadcrumbs, ono pound of niw hum or 
btieon, .a littlo macc, a Rinall niilinog. Salt and 
pt'pper to taste, two eggs, j^Im/.o, 

Method. Put the steak through a mincing- 
machine. and chop the ham or bacon very fine. 
Put all the ingredients, exoej)b tho glaze, into a 
basin, and mix them very tliorouglily. When 
this has been done, inako it into a roll, tie it 
up in a pudding-cloth and boil it in the stock pot 
for about three hours. Untie the (doth, and 
ro-roll tho meat very tightly in it, then place 
it on a dish with anolhc^r dish on top, on which 
you have put a weiglit. f^avo it until ciffd, 
tluMi brush tho roll ovc^r with nvdted glaze, and 
decorate it with (dthcr aspic jolly or biilttT put 
on with .a forcing bag. 

Oxtail en Casserole 

.Inoredients. Ono largo oxtail, two onnoC'Si of 
butbir or b*'(*i’ dripping, two ouiiccm of li’an bacon or 
bam (or trimmings of citlior could bo usoil), one small 
oaioii, ono tablospoonlnl of oIi<)]>po(l mixed ])icklo, 
ono ta))lospoonful of mclbMl gla/.c, t wo lablcspoonfidB 
of celery cut in di<’A‘, two tablfspoonfiils of carrot 
out in (lice, one pint of good stork, suit and pepper, 
half uji ounco of flour. 

Method. Cut the oxtail into joints about 
two im^Iu's long, and put these in t(q)id water for 
about oim hour. Tlieii take them out and dry 
th(‘m wtdi. Melt the l)utt(T in a pan ; put in tho 
sliced bacon and V(*g(dable3 and tho pi(f(U'8 of 
oxtail. Fry all a light brown. N('xt turn tiio 
eoiitonts of tin* pan into a casserole ; if there is 
not ono available, a stowing jar will do. Add 
the stock and ])i(;kles, out in large pice(‘s. Cover 
the cas.serolo closely, and let the contents siminor 
g(mtly for at least two and a half lionrs, keeping 
the top well skimmed. Mix: the tlour smoothly 
witli a little cold w;il»w ; tlmn add it to tin; sl,(;w, 
and allow it to boil thoroughly. Lastly, add tho 
glaze and Seasoning, and servo it in the eass(*ro]c. 
A small glass of brandy or inar^ala may be added. 

Any meat, poultry, or game may be cooked 
“ en casserole,” cither on tho stove or in tho 
oven. 

Kidney.s ^ la Maitre D’fiotel 

I>r(iKEi>if:.vTH. Thnso slionp’s kidney-’, Imspooti- 
fnj of choppi-d pjir.sW'y, .salt and prjijx-r, ojte n»id u 
half oiim*e.- of fn'sJi bnft(T, flinnll rounds of bivtut. 

Method. Split- (*a('h kidn(\v, open it, and 
k('<‘p it Hat xvith a skewer. Put tluun into a fry- 
ing-pan with the cut side down, and fry them 
for eight minnb^s. Meanwhile, work togethtu* 
on a plate tho butler, parsley, and seasoning, 
making tho mixture up into three neat pats. 
Cut tho roimds of broad and fry thorn a light 
browm. Put a kidney on each, (iust the.m with 
salt and popper, put a little pat of butter on 
each, and servo tlic dish as hot an possible. 


Continued 
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I IKK gases, expand when they arc 

^ heated — that is to say, nearly all lifpiids do 
HO. But licpiids difft'V v(a*y marlo'dly among 
Iheinsel V('s in th<‘ir measiiiH* of Cixpansion, whereas 
Wi‘ have seen that all gases expand in the same 
ineasun?. Not only so, hut oiu* and the same 
li<juid will expand at very dilTerent nates for a 
similar risc^ of t('m[)eraiur(‘ in dilTen nt ])arts of 
the s(aile. Water, for instance, at .‘10 ’ V. ex})ands 
four times as much for a rise of temperature of 
oim degree as it does for a similar rise at lO'^O. 
Henee it follows that liquids are theoretically 
quiU' unsuital)le for tluTmometers. Hut the 
reason why spirits and mi reury are so constantly 
used is that within certain limits the ex])ansion 
of tlu^sc* tAvo liquids is very luairly uniform — 
8ufti(;ienlly for ordinary purposes. 

Convection • urrents. if we take an 
ordinary liciuid sucli as Avatc r and apply luat 
to a portion of it eontairud in a \(ssel, hy a 
spirit lamp, for instance, the heated water r*is. s, 
since its f)[)eeiHc gravity is lowered, and colder 
water Hoavs from ahov(‘ doAvn llu^ sidis of tho 
glass to tak(^ its plae(‘. lienee vve g(‘t what art*, 
eallt'd roviurfiim rnrrt a/.v. 'riit* lieat is eonv'eytal 
from out’ part of tlu* wattr to another hy the 
atdual transit of tlu* lu'iit^d luoleeules of watt'r. 
'Phis mod • of the transft'renee (^f luait is eallt'd 
conA^ection (from tiu* Latin rrho, 1 carry) and 
must heds' inguislied ea.i\ fully from the t woot h(‘r 
Avays in Avliieh Ival is transftTrt d from place 
to plaee. Even if lie heat AVt rt* applit d to the 
A\ater from ahovi*, sf» that the hottest Avat(*r, 
being the lightest, !\ maim d at the lop, tlie AA'aler 
at the bottom of the vt ss. I A\()uld gradually 
rise in temperature. Tins Avould (uaur hy the 
same proei ss as that hy a\ hieh oiu^ end of a 
j>()ker heeoiiu s Avarni avIk n the other is held in 
the lire. 'Phis is the cond nrtion of heat as <lis- 
tinguished from its con wet ion ^ and is a v'ory iuui*h 
more interesting matit r, which must ho studu‘d 
lati‘r. The differenee is obvious. Tu tlu* ease of 
the poker or the Avatei* heati’d from above, the 
molecules of iron or water do not carry the heat 
from one place to aiiotlu r, hut hand it on. The 
(lulf Stream is tlu* most striking instance avo 
knoA\^ of a eonveetion eun\ nt. 

The Peculiar Behaviour of Water. 
By far tho most remarkable facts in connection 
Aidth the expansion of liquids are those cone(*rned 
with the very peculiar behaviour of Avat(*r, 
which is at its maximum de nsity at a h*mperature 
of 4*^ C., and which expands as it is cooled 
below this point, so that ice is lighter than water 
just above the freezing point . We eommontod 
on this extraordinary property of Avator on 
page 708 and ohservt d its immensely important 
consequences for human life, and, we might 


have added, for the life of the fish. But, 
indeed, this does not exliaust the peculiarities 
of water in relation to expansion by heat, for 
Sir James Dewar has lately shown that ioe dis- 
plays certain peculiarities in this respect, and 
that when the ice Avith which we are familiar is 
cooled below a certain point, there is formed a 
new sort of ice, which may be called normal 
ice, and tho behaviour of which in relation to 
heat is similar to that of other bodies. 

Expansion of Solids. Solids, also, like 
li((uids and gases, expand w'ith heat, and 
contract on cooling, though their changes are 
not so marked. J iinumerahlo experiments may 
ho devisrd to illnstrat,!*, the expansion of solids. 
One of the best of these may ho made with a 
brass hall Avhich is just small enough to pass 
through a ring. If iioav the ball be heated, it 
Avill no longei* ])ass through until it cools and so 
lieeomes small enough. The degree to Avhieh a 
solid cx])an(ls aa^Iicu heated is susceptible of 
measun mi nt, and it is found that, as in the easo 
of liquids, solids dilTer very mu(tli among 
flu*nis -Ives in this respect. Physicists speak of 
cocfliricntfi of (wpansion. and tlu'se may deal 
with ex})ansii)n in length, Avhich is called Umar 
(Xiiansi<t}h or Avith i xpansion in volume, which 
is called rnhirnJ fxiian.siicn, or Avitli expansion 
of surfa.ee, sn per [i coil r.rpan.wn. The eonse- 
qiu'uei's of ixpansion are very important, and 
sometimes it is of gre.at importance to plaeo 
togi*tlu‘r Huhstanees Avliieh have the same eo- 
eftieieiil of iMihieal (*xpa.nsion. For instance, 
in the making of ituandeseeiit eleeti'ic lamps, 
it is necessary to us * glass A\diieli lias exactly 
tlu' same eoeilleient of expansion as platinum 
Avire, Avliieh is employed simply heeaiiso it is 
possible to make glass that exactly corresponds 
Avith it in this particular. 

Consequences of Expansion. The 
consequeiieo is that Avlicn the. lamp is lit, tho 
glass and the platinum expand together. Another 
illustration may he sought in dentistry. One of 
tho absolute essentials for the successful filling 
of a tooth is tlu* employment of a filling, usually 
a mixture of metals, which has exactly the Siime 
coetticient of expansion as the tooth itself. When 
Ibis precaution is not taken, as, for instance, when 
the. necessary details are not properly observed 
in preparing the tilling, the tooth will soon be 
eraeked. If, for instance, one drinks a hot 
liquid, th<^ filling will expand to a greater degree 
than the walls of the cavity, and will burst its 
bonds. On the other hand, if its oxp,ansion 
he too small, it will not expand sufficiently, 
and microbes will make their way in past its 
sides, or it will fall out. 

In various familiar operations some other 






. eolisequeiices of expansion are observed ; as, for 
instance, in the heating of tyres so as to fasten 
them on to wheels, which they grip jirraly as they 
cool; and as in riveting, the rivet is inserted at 
. red heat, and when it cools it shorUms, so that 
the plates are held lirmly together. Another 
instance is furnished by the cracking of a tum- 
bler when very hot water is poured into it. 
The reader who is familiar with the test tubes 
used in chemistry may w()nd*‘r liow it is 
possible to boil liquids in such thin tubes when 
a strong tumbler would certainly creek. The 
explanation is, that t-ha tubes are so thin as to 
, expand equally throughout when heated. But 
in tho case of the tumbler, the inner surface of 
the glass expands befor(^ the heat lias had time 
to reach tho outer surface by conduction, and 
so is apt to split its casing, just like tho badly 
made tooth-tilling. 

Compensating Devices. The dilTer- 
ences of expansion in various metals are of 
great use. In a good clock, for instance, tho 
pendulum must not consist of one metal because 
this would expand in 
summer-time, hmgthen 
tho pendulum, cause it 
tef swing more slowly, 
and Uierefore make the 
clock slow. In order to 
obviate this, there are 
made what art^ called 
gridiron pcmhdims ^ in 
which rods of iron and 
of brass alternate in 
such a fashion that tlio 
expansion of the one 
in tho one direction is 
compensated for by that 
of tho other in the other 
direction. Similarly, 
every good watcli has a 
compensation balance; ; 
the balance wheel is not 
a complete circle but 
consists of two halves, 
each of which is just 
short of a semieirclt'. 

These halves consist of an outer strip of bni^is 
and an inniT strip of steel, and tlu; wnscqueiieo 
is that, when the temperature rises, though tho 
strips tend to move out from tho centre of the 
whc(d, they become more curved, the free ends 
turning inwards. Thus the rati; of oscillation 
of tho wheel is not retarded. 

The Measurement of Heat. Literally, 
a thermometer is a heat mi usurer, but we 
have already seen that the thermometer merely 
measures heat level, and fhat only under 
certain very definite conditions does the ther- 
mometer s(;rve as an index to the amount of 
beet in a body. In order to measure heat, \v(i 
must have a unit, and the unit of heat, or thermal 
unit, is that amount of heat whicli can raise one 
gramme of water from 4“^ C. to 5"^ 0. This 
amount of heat is technically known as a 
eahrie (from the Latin rnlor, heat). This is 
the only unit of heat need now consider, 
as it is now in universal use. The fact that 
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makes it necessary to specify tho temperature 
of the water w’as noted at tho beginning of our 
discussion. It takes more heat to raise the 
unit mass of water through ono degree, fiom 
80^’ C. to HV C., than from 4^^ C. to C. 

Specific Heat. Now. we have also ki'cu 
that ill the case of ivaterand mercury wo require 
to put far more heat into the water in order to 
cause a given risi; of tempi'raturc than into the 
mercury, and this gives us a eluo <o the moaning 
of \vhat is called speiufic heal. This is best 
defined as tlu; number of calorics or units of 
heat noet ssary to raise a unit mass of a substaiieo 
through J ' L. Thus t]u‘ specific luait is ri'ally 
a measure of the capacity for lu;at of any 
body. Now. in ordoi* to study this subject, wo 
obviously need mort; apparatus than a inc'ro 
thermom('t('r, and the ajipara-tus employed is 
called a raioriwvtvr. This ('ssentially consists of 
a box containing a Ihermometiu* and a quantity 
of water. Tiiis box, usually made of thin cojqx^r, 
is placed in otluM* l)oxes and is carefully supported 
on props in such a way that no lu^at. can got 
out of it, and tho tlionnomcUT is carefully tixed 
in tlu; handle of a stirrer which passes (lirough 
a hole in the cover of the caloriincti;r. If wo 
now place inside tho calorimeter any body at 
a given ternp(‘raf uiv. tlu? tiu*rmomclor will 
readily enabUs us to ascertain tlu? amount of 
lu‘at which such a body has Ixmmi able- to impart 
to tho water of tho calorimeter — the- amount of 
which is. of course, known. 

The Specific Heat of Water, Another 
remarkable pt'culiarity of waftu* is that it 
has a v(U'y much liiglicr spt'citic heat than any 
other known substanoc. 'rids l>cing so, its 
specific }u‘at is tak(‘U as one, and tlu* spccitic lieat 
of other substances is statc'd proportionally. 
In general, the metals have low sp<*citie lieats ; 
those of brass and eopp<;r, for instance, are 
It'.ss than onc-fenth tliat t)f water. On the olli{‘r 
hand, tho specific luait of a)t‘ohol and gly<;crino 
is more than '(> and that of ether Is men? than ’d. 
The eonscujucjua s of I he Idgli s]KM*ille lu‘at of 
water a.rc almost, as striking as those which 
follow its ])(*e.uliar behaviour as regards exjvan- 
sion TK'ar its tVee/ing jioint. In the first place 
the high spc(*ilie. heat of wat«r nu'ans that a 
giv(*n (piantily of water at a given tesnperature 
contains more heat than a similar quantity of 
any otlier suhstance, and, in cooling, such a 
quantity of water necessarily gives out morx‘ 
heat, than any other sul)sian<*e, just, as, in 
raising its tempfratnre, inon* heat had to be 
put into it. ir(‘ne(‘, for \varining jmrpos**s, 
water is tlu* nu)s1 valuabh; agcuit. A bot 
bottle tilled with nu*r(‘ury, for instane»', would 
bo (piite cold in a very small fraction of Iho 
time required to cool a hot- water bottle ; and 
it is this pr(»perty of vvat<'r which makes it so 
useful in Jiot-water ]>i})es. 

Water and Climate. This property 
of water also profoundly affect s the climate, 
for it tends constantly inwards eipialising the 
temperature. In summer tlu? vater does not 
have its temperature raised so quickly as the 
land, its spccitic heat being -so much higher. 
This mean.s, of course, that at night heat will 
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tend to flow to the sea from the land, the 
temperature of which is thim kept down. But 
in wint(!r tlie land rapidly Iosls itn coiupm ativ^tdy 
email store of heat ; tlie sea, however, is able 
to supply it from its own plentiful store, and 
thus the climate is mad^ more cquabl(\ the 
Bummer mild er, and the wiut(‘r Icsb cold. 'J^hese 
are t]w v''.araeteristics of an insular climate such 
as our own, and they arc of (he utmost Aolue. 
The relativi'ly cool summer that depends upon 
(he high specific lieat of (lu^ water surrounding 
us, tends to set sonu' pour hounds to our hTiildo 
infantile mortality, Avliieli deiunds mainly ujion 
the bafderial di'composition, under tlie infiuenee 
of heat, of milk and otluu' foo»l ; and the rela- 
tively mild Aviiiter, du(‘ to the same cause, tends 
to keep down the death rate from ])ncinuonia, 
hronehilis, and other disisvses of the lungs. 
W(‘ abuse our climate, but it is one of the best 
in the woild ; for it has not only advantages 
of an insular climat(', due to the high s])eci(i(i 
heat of wati'r, hut is also ameliorated by that 
great convection current wliicli is called the 
Gulf Stream, an<l whieh constantly carries to 
us (|uantiti»s of lieat from the tro]nes. 

Thougli all other li(juids fall far short of the 
Hpecilic licat of water, th(‘y liave liiglu'r spccitio 
heats, as a rule, than solids ; and it is also tho 
rule that the spceilic lu'at of a. snhstanci? is 
higher when it is li([iiid tlian when it is solid. 
The spt‘eiti(^ heat of ice, for instance', is only 
one half (hat of water: this being an iustaiieo 
of the general projiositiou that tlie, spi'cilie heat 
increases with the temperature of a substance. 

Latent Heat. Anotlu'r of the most 
striking ('llVcts of lu'at is its power of changing 
the physical state of matter. This has already 
been discussed at some length in relation to 
the kinetie tlu'ory of gases and muh'cular motion. 
We know that tlnu’c are tlii'is* \\('ll-r<‘eognis<d 
states of matter and tliat these dill'i r ( ssi ntially 
in their measure of molecular motion; and we 
have seen also that heat and molecular motion 
cannot ultimati'ly be distinguished from one 
another. Supp(»se we melt some iei^ at the 
freezing point ; (lie temperai uiv of the i<te 
Avas F., the temperature of the water formed 
\vh(*n the ice melts is also .‘12’ F. ; w'hat has 
iM'Come of the lieat w'e employed in rm lting (lie 
ice '{ W(‘ must believe tJiat it is re])res: nted 

by the more active molecular motion of tlio 
water, and tins heat, or heat that w'as. is now 
called latent lieat. Fn this ])artienljir ease it 
is the latent heat of fusion (or melting). This 
may ho d''tined as tin' nuniher of thermal units 
required to change one unit of mass of a solid 
into a liquid without (;huiiging its temperature. 
Determination of Latent Heat. Latent 
heat was first discovered liy that remarkable 
genius, doseph Black, who w'as mentioned in 
the tirst section of tin* course on Fhk.mistry. 
Ho determined the latent lu'at of water by 
wliat. is called tlie ire block vdlori meter. \ 
ball of nu till heated to a known temperature 
is inserted into a hole of a block of ice, tho hole 
being covered w'ith a slab of ice. The metal is 
^I'ad^iady cooled until it reaches the frei’ziiig 
point, and in doing so it melts a quantity of tlio 
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ice. Tho water thus formed is poured out and 
w'oighed. If we know the weight of the metal, 
and its specific lieat and its temperature when it 
was inserted, wo know the number of calories 
necessary to convert into liquid a quantity of 
ice corresponding to the weight of the water 
that is formed. Another method that may bo 
employed consists in the insertion of a knowm 
quantity of ice into a calorimeter. 

When w^c spoke of the Fahrenheit scale, w^o 
reforn'd to the mixture of ice and salt, which 
providt'd Fahnmhcit with the lowest temperature 
that he could obtain. Such a mixture is called 
a freezing mixture, and everyone who has made 
iocs at home is familiar wuth it. The ice tends 
to molt, but in doing so it is compelled to 
obtain from its ncighliourliood. the amount of 
heat rcpres(*rited by the latent heat of water. 
As it melts, it dissolves tho salt and thus forms 
brine. Now the freezing-point of brine is very 
much lower than that of w\atcr. Hence, such a 
mixture w ill readily freeze the mixt ure of milk, 
w^ater, and so hn tli, of w'liicli ices an* made. 

Again, w'e lind tliat w^ab^r is distinguished in 
rcsp('(q of its latent licat, w'lii(;h is about 7iF C. 
Tha t of iron is 2.'1, of U‘ad 5 ‘3, and of mercury 2*8. 

Temperatui*^ and Expansion. Our 
discussion of molecular motion in a previous 
section will ('luiblc us to believe that a 
eliange of \oliiniti is usimlly observed at the 
iiu'lting ])oint, and w'e should ratluT cx])ect 
that wh(‘n a solid melts it should oceiqiy more 
s()j\e(^ than formerly. Fn th(^ ease of w’atcr, 
liow'ev<‘r, as also in tin* eas(< of various metals, 
such us iron and lead, the solid oceiqiies more 
iq.aco than the Ii([uid at tlie freezing jioint. 
'Phis is w’liy cold cracks tho water fiqies. Tho 
watiT ajipi'urs wh(‘n the (haw couu's, hut that 
does not imply that it is the thaw' vyhieh breaks 
the pipes : flu* pipi'S were firokeii with tin* frost, 
w'hieli solidilied the water and caused it to 
ex])and, thus bursting the ])ipfs ; tho thaw 
merc'ly dr monst rates tlio eonsefpiem^i’S. 

Having ohserved liow the rpu'stioii of pressure 
must ahva^'s bo (toirelaled whtli tliat of tempera- 
ture-- as, for instance, in Boylt*'s law — we shall 
h(^ prepared to believe that pressure affects the 
melting point ; and this is so. In general, the 
bodies which contract when melting, melt more 
easily — that is to say, at a lower temperature - 
if ])ressure be applied to them. This is evidently 
reasonable, since the pn.ssuro tends to make 
them contract. Conversely, bodies w^hich ex- 
pand will'll they melt naturally melt with a 
greater ditliciilty. under inc^rease of pressure. 

Regelation. These facts account, in tho 
case of water, for the exceedingly important 
phenomenon callffd regelation. If a weighted 
w'irc be passed across a slab of ice, its pressure 
will causi^ the ice to melt, so that it gradually 
cuts its w'ay through the slab, leaving, however, 
not an open track, since the water easily freezes 
again as soon as the pressure of the wire ir» 
removed. Similarly, if twm slabs of ice are 
pressed together, and then the pressure be 
removed, they are found to have become con- 
tinuous witli one another. The pressure caused 
the surhiccs in contact to melt, and when it was 
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removed they froze together. It is now believed 
that this phenomenon explains the motion of 
glaciers [see Geology]/ Hence, though ice is a 
solid, it yet moves down a glacier valley almost 
as if it were a viscous liquid. For the ice which 
is in contact with the bed of the glaei(*r is 
constantly being induced by the pressure above 
it to melt and tlKUi freeze again in a fresh 
position, thus enabling the A\hol(' slowly to 
move on. Therefore we must regard the motion 
of glaciers as mainly dependent upon the 
influcnco of pressure u})on the mt‘Uing point of 
water. 

Lriquids and Gases. Just as tlu' addition 
of heat causes solids to li({uefy. so it causes 
liquids to evaporate or ho<rome gaseous. If wo 
tahe the case of water plaeed in a saucer, w(5 
find that it ultimately disapp»'ars ; it has 
evaporated. Even i(‘e evaporates willnnit first 
passing through the obviously li<iuid stage. 
The converse process wo call condcTisation, ami 
every child wlu) lias lookt'd tlirough a pane of 
glass on a cold day is pnq)ared to umh rstand 
that the gaseous wat<'r which has left liis lungs 
has hecome liquid l)y contact with (ho cold 
glass. Now, qiustioiis of evaporation and 
condensation art* determined larg(*lv hy presiain* 
as well as by lu'at-. We have said that wat(‘r, 
and even ice, evaporate ;i1 all temperatures. 
But if the air above the wal('r were already 
saturated with water va[)()ur, no water 

would bo evaporatecl. Tims tlie evaporation 
of water dc’pends not only uj»oii tempc'ijiture, 
but also uj[)on the prc'ssure of water vapour. 
But this priissuro varit s at different tempcvaturi‘S, 
so that, hero again, wq have pressure and 
temporat arc oorrc^lat cd. Sat u rat ed Avat er vaj)ou r 
increases its pressiiro as the tcmp(Taturo rises. 
When the temperature falls some of the vapour 
is condensed, and the pr(*ssuro is less. 

We often talk of volatile liquids, nnd the 
term may be used to imply those Avhich are 
very readily evaporated at ordinary tempera- 
turcs, having a large vapour pressun*. (\»u- 
spicuous amongst these arc eth(‘r and ak’ohol, 
Avhich have a much higlier vapour javssun* than 
that of water. Some licpuds, however, cannot 
})e evaporat-ed at all, and so the term volatik* 
may be appli(xl to all (In* others. The Iavo 
uses of the term are unfortunate. 

Vapours. Wo must carefully distinguish 
between unsaturated and suturajed va])ours. 
The former are simply gases, and obey Boyle’s 
law. Of the latter, the following law may b(‘ 
stated : The siUurated vajxjur of f c( r// lofnid 
that forms a vapour exrrU a certain press nr, , 
differing with various luprids,af> a given tempera- 
tare^ and this is always the maximum pressure 
which it can exert at that tem.peraf ure. 

In the <faae of every gas there is a teni perat ure 
which is called the critical temperature^ and as 
long as it is above this point no amount of 
preesuro will cause th<5 gas to liquefy. 

We must now also formulate the law frequently 
referred to in relation to the partial ])rossurc of 
the carbonio acid gas and other constituents of 
atmosphere. It is that in a mixture of 


vapours and gases— S u'Ik, for instance, in the case 
of air, which always contain? a quantity of 
water vapour — each constituent exerts its own 
pressure independently of the other, provided that 
there is no chemical action between them. Tliis 
fact may be expressed by saying that, so far as 
the pressurt* of the A^'at(*r Aapour is concerned, 
tlie air ac^ls as a v^aeuum toAvards it — “ one gas 
acts as a Axicuum to anoUuT. ' 

Evaporation and Boiling. In both 
the.so processes there is tlu* transference of a 
liquid into the gas(‘ous st:it(' ; hut in the ease 
of th(‘ former, it is iitu‘(*ssarv (bat, for tbe vajmtir 
to form at. the snrfaec? of the li(piicl, the space 
ahoA’o it be not saturated ; Asliereas, in the case 
of boiling, tlu? vajurnr is discharged into satu- 
rated s|)ac(*, bcMiig formed at the tc^mperature of 
saturated vapour at the j)ressur<‘ in tht; liquid. 
Thus we may di'lim* tlu* boiling point of any 
liquid as (be tenrpeiature of salinated vapour at 
tbe pressure in the liipiid. Wati'r vajionr at any 
given ])!‘essnro must bavc a definite leniperature. 
and the pressure of a bubbU* of water vapour, 
formed when water boils, must at least equal the. 
Iluid pressure outside it; otherwise, plainly, it 
'ould not maintain its huhhie form. 

'riierefore, at the ordinary atniospherie pres- 
nn*. the huhhie of Avater vapour formed in boiling 
Avatcr must haAe a tcni]H‘ralnre of 11)0” 
Bnhhle.s may he formed at Die hottoni of the 
kettle, for instanci*, h(‘f()rc thi' uater nvielies this 
temperature. Such huhhles, lioAV(‘ver, cannot 
rise unchanged throiiLdi (he litpiid, hut are con- 
densed Avhen Diey reai’h Du* surfai-e. It is not 
until the whole of the Avater has reached the 
boiling ])oint that the buliblis formed below can 
pass unchanged through Du* liijuid, and it is not 
until Ave see this oeeiii’ that we can dei'lare the 
liquid to bo boiling. As the h<*at continues to 
he applied, tin* temperature of the remaining 
liijuid is not increased, but all Die heat is used up 
A roim*rting part of it into a va]>our. 

Boiling under Various Pressures. 

Jn the ease of ordinaiy huiling water, the (‘xtcrnal 
])n‘ssure is sinqily (liat of the atmosphere, hut 
wv are now able to understand that if thir atmo- 
Rp}i(‘ricpressiir(‘ Ik* alteri'i], tln*hoiIing point must 
be eorrespondingly alt(‘r(*d that is to say, the 
vapour of the liquid (‘M-ajK's wlien the* water is 
at the tcmp(‘iatnrc corresponding to thi^ external 
jircssure. If, then, am* hnvi'r the (‘xto ual ])ressu *0, 
the boiling point is eoni'sjiondingly lowi*red- - 
that Is 1<) say, the vapour can he given otT freely 
at a lower tcm]KTalure than lu'fore. '.Phis faiit 
provides us with a more or less accurate means 
of determining licights. For if we boil Avat(*r on 
a mountain, a thermometer Avill indicate Die n<*U' 
boiling jioint, and from tlu^ degr(‘o to which (his 
has )H*cn IowciikI we can inha* the low'crini^ of 
the atmospheric: pn'ssiire. and thus the height 
at Avhich tlie reading is t.ik(‘ii. A eonseipieiicc 
of this fact is that on the tops of high 
mountains cooking is jiertormed Avith difficulty. 
For ihstaneo, if is inipossilili* to cook an egg at a 
height so great that the' boiling jioint of water 
is Ixdow the temperature at which the Avhite of 
an egg coagulates or solidities. 
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Boiling under High Pressure. But, 

-•just as the pressure is lowcn^d by ascending 
a mountain, so it may be raised by boiling in 
some sort of a vessel which does not permit 
the va})our to escape readily. Tn such a ease, 
the external pressure is much higher than that 
of the atmosphere, since the partially confined 
steam exerts a pressure upon the surfacui of the 
liquid. W<> are now prejuin'd to aeec'pt the fact 
that in such a case th(‘ boiling point is raised. 

Latent Heat Again. Wlien discussing 
the liquefaction of ice, we made tlu^ acquaintance 
of latent heat, and saw that in tlie act of eon- 
vei’ting ice at freezing point into water at the 
same point, much heat w'as employed, thougli 
there w as no rise in tem])crature. This we called 
lahuit heat of fusion. Similarly \\(‘ lind that 
when a li(|uid is converted into a gas a (juantity 
of hiait is absorh(‘d, and this we call latent heat 
of evaporation. It is tlu? heat which disa])pears 
— needless to say, it is not anniliilattal — wluui 
liquid at tlie boiling point is changed into vapour 
at the same tem]>erature. 'Phe heat is still there, 
but it cannot be perceived by the senses ; it lies 
hidden, and hence is called latent (from Latin 
lateoy I li(; hid), wlu'Hias tin? heat which can be 
pereeiv('d, or ‘‘ semsed,” is sometimes called 
scnmhle hent. 

Washing without a Towel. If we 

wash the hands on a (lold day and allow them to 
diy without a tow'cl, w(* soon discover how cold 
they becomc-~so cold that the skin is apt to l)e 
injured, and th(' hands become chapped. Why 
should the evaporation of the water from the 
hands cause them to b(‘come cold ? 'J'he reason 
is evident. Tlu* latent heat of eva])oration has 
to come frotn sormwvlu're. WluMU'ver any part 
of a liquid evaporab^s, some sensible h(*af tnust 
become latent. And that is tin* case witli llu^ 
hands, 'riie additional energy of molecular 
motion which the water vapour possesses in 
virtue of its more active inokaular motion is 
obtained by the transformation of sensible into 
latent heat, and the heat in our blood has to pay 
the ])enalty. 'Plie more rapid the eva])orati(Ui, 
the greater is tiir n^duetion of temperature of the 
Imdy from whic^h it occurs. 

TTonce, alcohol, etlu'r, Enu de Colof/ne, and 


similar substances, arc uso(l in preference to 
water for relieving a headache, or reducing the 
tem|)eraturo of a hot and painful area of skin. 
These facts also explain the obj(M*tion to whetting 
one’s feet. As the footgear dries, the latent 
heat of evaporation of the water has to 1 h^ 
obtained from somewhere, and the feet pay the 
penalty. But we have already seen that the 
rate of evaporation, or its possibility at all, is 
det(‘rf!iinful by the amount of vapour already 
presejit in the air. When the air is saturated, it 
can hold no more, and evaporation ceases. 
Hence, the importamre of a current of air in the 
]»roeess of drying anything, and lienee the danger 
of a current of air. or a draught, in causing the 
perspiration to evaporate too rapidly— more 
rapidly than its tendemey to saturate the atmo- 
splu're around it would permit if the air \v(M'c 
still and thus to low'cr the temperature of th(' 
body and reduce its n-sistanee to microbes, so 
that we catch cold. 

.lust as ehang(‘s of pr(^ssun^ athad the boiling 
point, so they a licet the sp(*cd of evaporation at 
any givaai t(‘mpevalur(' ; and, as w'c should 
expect, evaporation is hastemed by decrease of 
pressure, and is retarded by increase of pressure. 

A Criticism of Latent Heat. In the 
attempt tosccurc accuracy of language, or, at any 
rat<‘, of eoinju’chension, we must recognise that 
the U'vm late tit heat is ])erhaps only aeonveniont 
fiction. (Vrtainly, it docs ap])ear to be so if wo 
eonsid(‘r t la* ease of a gi vaai mass of the same sub- 
sta*ne<‘ at tlu^ same tem])erature ; for instance, 
li(piid wat(‘r, and water vapour, at 212^ F. The 
wat(‘r is said to contain far more hertt in the one 
slate than in the other. What it contains, of 
course, is not heat at all in tlu^ ordinary semso of 
the word, but it is increased molecular motion, 
irie?’(‘ase(l en(*rgy w hich w as formerly heat (‘uergy. 
or S('nsible lieat, and is now calkul latiMit heal 
for eonvenienee, but is really not. beat at all, any 
more* ibaii any otlua- kind of eiit-rgy is beat ; yet. 
nevertheless, it was heat, and iindtu’ snitabk^ (on- 
ditions can be transformed into heat again. In 
short, as we shall see later, heat is a form of 
(‘Uergy, and all forms of energy are mntually 
convertible, 'riiat, however, is no reason why, 
save for mtu’c corn ('nicniei', we should apply the 
term heat to any of them except to sensible hea,t. 
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yi^MONG all tho noise and strife which seem to 
be inseparable from tlio public discussion of 
Xiklucatiou, it is seldom that we hear one quiet 
and steadfast voice proclaiming the d(‘tinite 
and sovran end of laborious learning. 

People, for tlio most pari, arc (iontent to regard 
education as a weajion to he us(*d in thc‘ battle 
for daily bread. The schoolboy is encouragi^d by 
his parents to stick to bis hooks that he may pass 
such-and-sueh examination, and so provide for 
himself a comforts hie income. The working 
classes look upon national schools as a means for 
enabling them to enter the rniddlc-classcs. The 
middle-classes look upon jjublic; schools and 
iixiiversitios as means for enabling them to 
improve their positions and secure a pension. 
Everywhere this [*hilistine notion obtains, and 
narrows tlio view of learning. We regard tho 
schoolmaster ;vs (he Ixmef actor of our social cir- 
cumstances ; the book of wisdom is tlio guide (o 
the book of pounds, shilliugs, and pence. 

The Two Doctors. Now, it is just and 
right to desire an improvement, in our social 
circumstano.es, and it is fair and projicr to use 
education to this s(‘ltisli end. But our worldly 
advantage is neither tho only nor tlio most 
important destination of learning, and so to 
regard it is to bring about our om\ discoinlituro. 

We have only to look about the vorld to see 
how disastrously such a concept of edm‘ation 
works in the affairs of men. Take (he profession 
of medicine. A boy goes from school to one of 
tho hospit.als, works desperately hard at his 
books and in the wards, and tinally passes all liis 
examinations with honours, ami is entitled to 
describe himself as a Pootor of -Moduum\ lie sol s 
up for himself in practice, continues to keep 
himself abreast of medical discovery, and 
manages to earn siiflicicnt money for daily 
bread. But he is not the successful doctor of 
tho district. Tho man wlio passed the .'^ imo 
examinations as ho passed, and ))(*iha})s with 
les3 case and less honour, is the man of wlioni 
everybody in that district speaks with praise, 
the man who introduces new mot}u)d.s and fresh 
ideas, and who enjoys all the rewards and advan- 
tages of the medical protessioii. What is the 
difference between these two men ? Botli liave 
been educated to figure and describe lhemselv(*s 
as Doctors of Medicine ; both have qualified in 
the same tests. What is the difference ? The 
difference is this : one lias learned to apflt/ his 
education and to succeed as a doctor, and the 
Other man. has not. 

There are thousands of engineers in Knglaiid, 
but the great inventor — tlie man who has 
learned to train himself to apply his knowledge 
of engineering to the problems of median ies — 
is as rare as a poet. 


There are thousands of elorgymen in England, 
but (he great minister-- the man who has learned 
to train himsdf to apjily his knowledge of 
(liristiaii history to tin* problems of the soul — is 
almost as rare as a blue moon. 

The Rarity of Genius. Tlu* Avorld is full 
of people who bavi^ ]iasscd examinations, but 
genius is, ])ciii;ips, even rarer than it was before 
the era of iiit(‘lkM‘lual eompetition. Consider 
how tho Cjuiet watcliiiig of an apple's fall to 
the ground and tin* secret eon tern plat ion of 
a kettle's bulibling lid accomplished more for 
human progress than generations of book 
cramming and ages of e()m])etitiveexnTnination8. 

In tine of those remarkable novels wbie.h give 
witness to the troubU^d awakening of Russia, 
M. Maxim Gorki has a remarkable passage on 
the suhjotrt of nmdern (*dueafinn. Jn The Man 
Who was Afraid,” a sueeessful Imt turbulent 
and unstable merchant is made to address his 
son in these words : 

“ I wish to tell you that s(*hool -books are 
but a trivial matter. You need these as a 
carjicnter nc(*ds an ad/.e and a pointer. They 
are tools, but the tools cannot tcacli you how 
to make use of them. Understand ? Let us see; 
Suppose an adze w(‘re liarnkal to a oar]jenter 
for liiiu to scjuaro a beam with it. It’s not 
enough Ivihave hands and an adw* ; it is iilf.o 
necessary for liim to know how to strike the 
wood so as not to hit his foot ins1(*ad. To you 
the knowl(‘(lge of leading and writing is given, 
and you must regulate your life with it. Thus 
it follows that Ixioks alone ai(* but a tritle in 
this matter ; it is necessary to lx* able to take 
advantagi* of lliem. .And it is this ability that, 
is more euiming than any books, and yet 
nothing alxiut it is written in tin* laioks. Tliis, 
Foma, you must learn from Life its(*lf. A book 
is a d(*acl tiling ; you may take it as you pl(*as(', 
you may teai* it, break it -it will not cry out. 
While, should you but make a single Avrong 
step in life, or wrongly occupy a ])la(‘e in it, 
Lif(i will start to bawl at you in a thousand 
voices ; it will deal you a blow, felling you 
’ to (he gi’oimd.” 

The Mind of the Mind. In the matter 
of life, liooks indeed are but a trifle, and 
(be. cunning to take advantage of them is 
verily more than the books th(‘mselv(^s. Tho 
problem with wliicli wc* arc now eoncerned is 
this same (piestion. this same, perplexing problem 
— hoAv to acijuire the cunning to use our learning 
to a successful end. “ Nothing about it is 
Avritten in the books.'’ Biohanl Jefferies re- 
marked on this same lack of tcju’hing, and in the 
course of his argument employ(*d in different 
fashion M. Gorki’s metaphor of the tool and the 

1743 






APPUED EDUCATION 

oarpenl<^r. He compares the soul or the per- 
sonality with the mind or the intellect of a man, 
arid says (in “ The Story of My Heart ”) : 

“ Now the soul is the mind of the mind. Tt 
can build and construct arid look beyond and 
penetrate sp;u;e, and create. It is the keenest, 
tlie sliarpest tool ])ossessed by man. But 
what would be said if a (Uirpcnler about to 
eommerici* a piece of work examined his tools 
and deliberately east away that with the fim^st 
V . . . We are taught to employ our 

minds, and furnished with materials. The mind 
has its logic and exen-iso of geometry, and 
thus assisted brings a great force to tlie solution 
of problems. The soul remains untaught, and 
can eHect little.” 

The qiu'stion is elejired of some of its dilli- 
cultios, and an excursion into this uiitravelled 
region is rendered h;ss disheartening liy pro- 
viding ourselv(‘s at the outset with a practical 
and certain ^lelinilion of the term Education. 

The Perfection of the Brain. Eduea 
tion is in reality a jneans for the perfection of 
the lium.in brain. It is tlie qualified engineer 
wliom wo train to tak(? charge of and to oviTsee 
the (lelioale machinery of the brain. Or, in 
another way, we learn hy (‘ducat ion to operate 
and control this machinery, and to get out of it 
the tinest work of which it is capable. The* best 
educated nnii is not he A\ho can compile a 
gradus \)ut' etinnot writ(‘. an interesting letter ; 
that man is tin* best eduea t('d who has so ini imato 
a contrcAl of all the {‘unctions of his brain as to Ik) 
able to (‘uijjhjy it in its scA^eral d(‘paitnients for 
the benefit, of mankind and for his oAvn highe.st 
onjoynK'iit. Edueatioii is meant not inetvly 
to sup])ly information - the [U’(‘s(‘nt ])r(‘vailing 
heresy — it, is meant to de\(‘lop the creative and 
inventive' faculties of the brain, to stimulate and 
qui(dvcn intelb'ctiial miriosity, and to bring intt^ 
action tb(^ many and barmonions functions of 
the .soul which work together for tlie happiness 
and victory of tin’ perfect, man. Tn a phrase, 
education is uitend(?d to train the mind, “ to 
rench'r it elastic, subtle, and adaptable.” It is 
a drawing-out of oonseiousness ; not a eramining 
full of suifoeating facts . 

Training the Mind. Now, a little con- 
sideration .sulliec's to encourage the supp(7si tion 
that there must be exercises for training the 
mind as obvious and as certain as those for 
increasing the muscular activity of the body. 
Serious thought on this subje^et convinces us that 
these exercises do exist ; and we presently 
see these certain and doHnite exercises arranging 
themselves in order as perfect as that of the 
drill-ground. Indeed, it is not strictly true, 
as Gorki says, that “ nothing about it is wrii-tcn 
in the books.” Little is written about these 
definite and obvious exercis(*s for training the 
mind, but if we study litcratui*e we find tliat 
every sag(^ has written about them in every age. 
and that it is the “ practical ” people in charge 
of the machinery of (‘.ducation who liave often 
left them put of their consideration, and who 
have more or loss ignored their absolute 
sigiilioaiK'e. 
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Education and Character. The chosen 
end of all the exercises for training the mind 
which we shall deal with in tins course of study 
is tlio perfection of the machinery of the mind ; 
but the chief result of them, however applied they 
may he, and however unexpected that result 
may he, is character. The wise man will con- 
sider in all his studios that either for good or for 
ill lie is thereby influencing and perhaps actually 
forming his character. Education is the funda- 
mental problem it is because of its tremendous 
significance for character. To lose sight of this 
fac.t is to lose sight of life itself. 

Thoreau declares his belief that the mind can 
be permammtly damaged by attending to trivial 
things, and it is certain enough that miserable 
habits and rnoau studies do visit their unhappy 
ivisults — (‘itlior seriously or moderately — upon 
the mind and character of their victims. How 
much more, then, shall a ])orsistont and steady 
course of study alfcct tlie mind and influence the 
character ? It is, indeed, a work passing the wit 
of man lo divorce hni ruing from personality. 
When we say with Wordsworth that the boy is 
•fathi'i* to the man. what more can we mean 
than this, that as the boy learns in childhood 
so will his character emerge in manhood ? 
TIc'reclity may or may not. ]>lay a giant’s part in 
character, but th(M*(‘ is no dcbateimmt as to the 
certain effects of h'aniing and study—eitlmr for 
good or for evil. 

The Great Moving Force. As a man 

ban ns, so his character emerges ; by what ho 
b'arns, so is bis character intIuoiK’od. But 
those who beli(‘ve that “ the mind of the 
mind ” can he trained, who are persuaded that 
the soul should have lier arithmetic and logic, 
and who attest their couvic.lion that the future 
of education lies in this direction, go furtlu'r 
than the loose* admission that learning alTccts the 
charact(‘r, and d(*clar(‘. that right and true educa- 
tion can product' character, can actually create 
in the brain a soul in complete mastery owr the 
body, and that it is in truth the (;hief weapon 
in the aimoiiry of progress. 

From this standpoint, education opens np a 
field that exlt'nds far beyond the four walls of 
I he class-room. From a local place in the 
affairs of men it widens till it occupies universal 
territojy. Instead of a means for passing exami- 
nations, it becomes the central force in evolution. 
It is no longer the path to a pension, or the 
ladder from slum to suburb, but the moving 
force of universal governance. It is not a spoon 
which feeds the mouth of infancy with the sop of 
information ; it is the weapon wherewith a man 
b(*ats his way from stale usage, and wins to the 
clean shores of fresh truth. It does not paitlic 
at the school-room, nor cease at the gates of the 
university ; it aci'ompanies a man on his journey 
through life and brings with every day to his 
.soul now avenues to truth and unsuspected paths 
of tmehantrnont in tlie wonder world of dis- 
covery. It is the one force in the affairs of men 
which has never paused. Ixing, long ago we 
had gi'oat [leriods of literature, groat periods of 
art, great periods of religion, and always w'hat 
we attain in those regions to-day is mocked by 
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the sublime achievements of the past. Jndeetl, 
are there not those Avho believe that religion and 
poetry readied long ago their apogee, and that 
for the future tlie feet of those who walk therein 
must needs go sorrowfully downwards from the 
transfigured mountain -heights ? 

The One Thing that Moves Onward. 
Poetry has its chi) and flow, religion has iis 
ebb and flow, morals and manners have their 
ebb and flow : one thing alone is constant, one 
thing alone moves steadfastly forward. It is 
human knowledge. We cannot paint as Vhdas- 
<|uez painted, we cannot sing as »Shakespt‘ar*' 
sang, we cannot fed oursdv(‘s in tho relation to 
Clod which Francis of Assisi felt • but wi" cau say 
with the assurance of historical fact that the boy 
who to-day studies science at school knows nunc 
of the universe about him than even Newton 
knew. Our sui’g(‘ons operate, with less risk to 
life every days and every year our sleamtnx 
travel faster and with ifiereasing comfort over 
the wildest seas. W(‘ print fasler. we sow and 
leap f(iiieker, \\(‘ make and manufaeturi' eheaper. 
and every y(‘ar S(‘('S tlie w it of man improviiig on 
and siir])assing the knowledge of liis fatlnu’s An 
obvious as the sun in llie heaven.s is (‘(liieatioii 
in tho a flairs of men as tin' central and d(‘l(*r- 
mining fore.(‘ in evolnticm. 

And it is only because' men Imvi' failed u) apply 
education, have failed to use* it for tlu* highesi 
and noblest purposes, that it has had so many 
pow'erful and brilliant eiKmiies. Wlial is the 
use of your fast stoamt'is, they cry. of your 
reaping madiines, of your (heap dolhc'-’ amt 
boots, of your balfpenny m w spa pen s and yosir 
Masinyth liamnKMs, if life grows ugiit r at evt'iy 
age. if the li])s of poetry grow ineo'asiualy duml», 
and more and. more tlu' altars of (lod an* 
deserted? What avails your knowledge if the're 
is less laugbtei and semg in tie* world *" Behold 
your prison', yeair lunalie asylums, your hideous 
barrae'ks, yeiur factory ehiiniieys, .uid the* 
blasted ir-e of the* country where ymir miea'rs 
swe at out fd' sight of the^ sun are* tlH*.-.c whed ynu 
have to sh )'V us in exchang- b r igneaani [u'.n-e' 
and uninformed ee)nte.n1 ? Le.(it.te,.» -theymav 
well cry — at the ana'inie face.-' and bent bark.- of 
your clerks and tactory-liamb, am I tell u-. 
whoUi(‘r progress leads furthe i on in tlii.s ilieee- 
tion, further and still furtbvw away from the 
deep eliests, the broad sbouldeis, and tin* simple. 
ha})py minds of tlie age* before your pestden.’ 
schoolmaster’ and his boast (»l beiok know ledge ! 

What Education Can Do. It is true 
enough that a inisce)uci‘i\ ed Fd'ie.itioii .ha's 
worked evil in the world. Ihd we^ ar-..* only 
in the dawn of hviniiug, ami tlu* faith e>f the 
most serious philosophei' mu.'.l be tlud lile will 
become easier and not luirde*!’, pleasante'r and nnt 
,morc irksome*. vStill mon* triumphant will th * 
course of men become when education is pen- 
eeivod to Ix^ a means for obtaining control ove r 
the machinery of the brain, and w'hen it will 
as much a part of scholastic training to aecjuire 
the art of employing education as it now is to 
acquire information. 

For it is eortain that a weak man cau train 
himself to become strong, a dull man to b(‘conie 
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bright, the intolerant to learn humility, and the 
erratic and unsteady to acquire steadfastness 
and earnestness. It is certain that education 
can produce intclligener* even in the insane ; it is 
certain that edueation can cure many evil te*n- 
deneies, either inlierite^l or aecjuired, in the 
iveak -minded. These things are clinical facts. 
How miieli more, then, shall the moraUy and 
men tally eflieient heiielil ami develop under the 
inlluenee of (*elueiiti()n, dire'clly that edueation is 
parrK“ubirly and most pe‘rsist(‘ntly dire'cted to 
the* creation of character ? 

Education properly applie'd produces an 
eflieient human being, titted to enjoy bis life, 
to work successfully in Id.s profe.ssion or trade, 
and to se*rve as ;r pion(‘e‘r for a more ])erfectly 
inte‘llcctual being in the* gc aeration to follow'. 
It is not a li:ipha/.ard process, wliicli turns 
out a ge nius here* oi- a dunce thcre^; it is a 
mathematical pieice*ss which givi*s to every 
man. the most and the* l(*ast gifte'd, greater 
and more* certain control of his ])owcrs. 

Learning by Rote. TIrcie* ai«* many 
men who conb'ss that the‘y le'arne‘el nf)thing 
at school, but gicale'r still is the nuinbe'r of 
those* who musi aelmil that I liev iu*v«‘r learned 
at school how to use the* knowledges they 
ie‘ce‘iv(‘el at the* liands of tlicii* se‘hoolmaster. 
\nel ye‘l it shoulel sure'ly be* plain to tbe* j>i’nctical 
[>ee>plc in cliaigc of e'elncalion that ei man may 
km)w tla* law by lote* and yet fail as a barrister, 
that a m<in may be* prolicie'iit in bookkee'piiig 
and yet fail as a mcrcliant. that a man niay U*arn 
husb.andrv in .all its tb(*oi ie's ;ind pi‘iictic(*.s and 
yet fail as a farmer. 

We* have such sayings .as “ He* was l orn to 
succeed ' to cloak our iguenance* of the* reason 
why one man fails and anotlu'r man sueceH‘ds. 
Such a pluase* leas serve'd in the* ])ast, but it w ill 
serve no le)nge'r. W'e* have* become* i'igbt(*ou.'-ly 
inepiisitivc, anel baae* sli.akcn oil mu(*h ancient 
superstition ; we* now lie»ld prelly universally 
(bat tliere is ji leegical re.'isem teji' (‘ve‘iytliing. Why 
shemlel e>n(‘ man sucee'cd ami ariothcr man fail in 
a proicssioii which has liccn cnte'red by l*<>th of 
them thre)ugh the gates ot the* same*, ex.aniina- 
tiofi ? Diie'ctly we realise* that botli of these* 
me*n ivceivctl .an eejual amount of information on 
the* siibje*ct, anel that both of them satisfied tlm 
examiners that the*y were ce|Ually<dheie*ntfe*r that 
profe*ssion, we^ pcrce‘ive th.it the re'Jison ot one 
man's su(*c(*s.s is his ability to a])ply bis l(*arning, 
and that the re.-rsejn of the olhe*r man's failure is 
his inaliility to apply his learning. The emly 
epicstion that re'inains is wliethm* it be possible 
to leacli men how to ap])ly their knowii'dge. Is 
this ability to make use* of knowkdge the imme- 
morial see ret of gi'iiius ? Is it the hidden answ’e*r 
to the* perplexing ]>roblem of inan’vS dilVerence 
from man, or is it [lossibU^ to implant and 
develoj) this jiowei’ in the* minds of thei least 
re.sponsive, and so laing almost to om* level the 
laborious student ami the brilliant scholar ? 

Consciousness and Personality. It 
depends very much on the inclination of 
those who sulimit thems(‘lves to this discipline 
of the intelligence whether it sueteed in the case 
of the heavy and the unsympathetic ; and even 
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given this inclination^ the man gifted with quick- 
neas of perception, and born with a ready and 
an intense sympathy, starts with a vast advan- 
tage over those who must jiainfiilly acquire this 
intellectual responsiveneaa. But evcTy man who 
practises these exercises of the mind, 1^ lie slow 
or quick, will find himself studying with greater 
case, and will discover a new and an increasing 
'pleasure in adding to his stores of knowledge. 

More and more the tedious as well as the 
brilliant will find themselves obtaining an even 
greater mastery over their minds, and feeling a 
finer command* in the direction and administra- 
tion of all the functions of their intelligence. 
Certainly they will be conscious of a deepening 
and a strengthening of their personality, an 
emergence from surTocating mists and enveloping 
miasmas towards their real and abiding selves, 
and will become everyday better airquain ted with 
themselves in what is destined to Im' th<‘ pr()])cr 
study of mankind — a knowledge of themselves. 

Our Ignorance of Ourselves. At 

present, the mind of the mind, that Ego which 
drives the brain to work oi* permits it to rest, 
that mystery of all mysteries, the human con- 
sciousness, is the earpenter who has not l(‘arn<‘d 
the use of his tools. No wonder, tlien, that there 
are educational problems, and even critics of 
education itself ; but when the mind of the mind 
has put itself to school and learned its lesson, 
then will the mind (ind little difficulty in ac- 
quiring information and even less difficulty in 
putting that information to practical sciviec. 
Wo have only to <!ro.ss.examinc oursclvts for a 
few minutes to find how' ignorant we are of our- 
selves, and liow clumsily we put to use tlie 
knowledge of which we possessed ourselv<‘s at 
school. 

There are signs on all hands that men are 
awakening to the insufficiency of our present 
methods ; tlierc are even lien* and there 
evidences of the realisation hy^ tliose in 
authority of the eternal and spiritual character 
of education. Professor Sidgwiek and »Sir 
Oliver Lodge luive been the pioneers in this 
direction, and numerous other men, in attaeking 
the present methods witliout any real system 
of their own, are preparing the way for the fuller 
and more seientific theory of education uhieh 


is certainly destined to supplant our present 
process of '“muddling through somehow,” 

The Soul for Study* It is certain as 
gravitation that men do yow apprehend some 
objective in study beyond and outside the actual 
limits of education, some goal that as far 
transcends a competitive examination a? the 
rays of Sirius outshine the dicker of a match. 
The present is a season of awakening — an 
awakening in the dark, which must needs 
mean groping — but already our trembling hands 
are touched by the faint hues of a new dawn. 
No on(' has more eloquently expressed this con- 
sciousnc'ss of awakening than Professor Mac- 
phail, of Glasgow, who concluded a recent address 
to medical students on the “ .Anatomy of Study ” 
Avith these words : 

“ And though T cannot tell where it exactly 
comes in, or in what it precisely consists, . . . 

I claim a Soul for study — a soul wffiose journey 
does not end in that studious training of brain 
and hands and hearts which makes physicians 
and surg(^ons worthy graduates throughout 
the length of their days, but a soul wdiich, 
upAvard and around, to a goal above and 
beyond those things, is ever marching on. 
There is so much tol)C done in the day’s Avork, 
so much to be endured, so much to be enjoyed, 
that there is often little lime in the eoursj of it 
for contemplation of the goal ; but let us cati* 
strive to keep green some cherished halting- 
j)laces, where llic rigours of the day’s march 
can he forgotten, and wliere — 

‘ Tn seasons of calm weatluu’, . 

Though inland far we he. 

Our souls have sight of that immortal sea 
Which brought us hither, 

(/an in a moment travel tliither. 

And sec the children sport upon the shore 
And hear the migh tyAA'aters rolling evermore.’ ” 
Above all things, it is essential to realise that 
education is Avortliless if it do not develop con- 
sciousness, and doc'peii the enjoyment of life. 
Nothing (^an be of service to the individual or 
to the nice which does not bring out the fullest 
faculties of being and enlarge the vision of 
human destiny. To regard as education tlm 
cramming of a mind \\ ith facts and figures is^tgT 
mistake brass for gold, and sea- froth for pcads. 
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should ho drawn with the T-square, and pro- 
jecjUjrs as well as other perpendiculars w’ith the 
set^squarc. 

Draw the plans and elevations of the following 

solids ; 

419. A Cube Standtnc on 11115 H.P. (Honi- 
ZONIAL Plane), with One Face Parallel to 
THE V.P. (Vkbttcat. Plane). Draw* the line 
XY, and below it mak(i a squav(‘. ahed with 
two of its sides parallel to A' Y. The elevation 
is obtained by draiving the projectors de/ 
and cf' perpendicular to AT, and making the 
square e'f'h'a' upon e'f* as shoivn. 

420. A Cube with One Face on hie IT.P., 
AND WITH A Vertical Face Inclined ai .‘10® 
WITH the V.P. For the plan, draw a square 
ahed with one side, as r//, making 30® ivitli A’)'. 
From each angle of the plan draw' projectors. 
Make a'e' equal to ah, and di’aw' a'c' parallel to 
XY. Complete the elevation as showm. 

421. A Cube standing on an P^dge, with 
One Face making an Angle of 20® wiiii hie 
H.P., AND ITS Vertical P'aces Parallel 10 
THE V.P. Here the elevation must be drawn 
first, by drawing aV' at 20'' with XY, and on it 
construet the square a'e'f'h'. For the |»lan. 
draw projectors from each angle. Draw' d(j at 
any given distance from the vertical plane, and 
parallel to Al'. Make da equal to a'e\ draw 
af parallel to dg, and complete. 

422. A Square Pyramid, 2 in. High, st 

ON ITS .Base, with One Edge maktn<j 30 with 
THE V.P. Draw dc at 30® with A Y, and on it 
describe a square ahed for ilu' plan, hor the 
elevation draw ))rojeoiors from eacli angle to 
AT, and from e a projector to c\ 2 in. above 
A Y. Join e' with a\ d\ ?/, r'. 

Note. The diagrams for tln^ follow'ing prob- 
lems, 423-429, explain thems(*lv('s. 

423. A Cylinder, 2 in. Lonc^ and 2 in. in 
Diameter lying on the IT P. ivnn its Axis 
AT Right Angles to the V.P. 

424. A Cone, in. Hkjh and Bask 2 in. in 
Diameter, standing wi'ni its Base in the 1T.]\ 

425. An Equilateral '^Rl.^N(^I;LAR Prism, 
2 IN. Long, ivith Side of Triangle I in., 
lying on One of its Sides, with its Ends 
Parallel’To hie V.P. 

426. A Hexagonal Prism, 2 in. Long, with 
Sides of Hexagon J in., lying on One of its 
Sides, and Axis at Right Anijles to the V.V. 

427. An Octagonal Prism, 2 in. Long, with 
Sides of Octagon J in., lying on One of its 
Sides, with its Axis at Right Angles to the 
V.P. 

Solids Having One or More Sides 
Inclined to the Vertical Plane 

428. An Equilateral Triangular Prism 
ST.VNDING ON ITS PInD W'ITH OnE SiUE INCLINED 
AT 25® TO THE V.P. 

429. A Hexagonal Prism, standing on an 
End with One Side making an Angle of 25^ 
WHTH THE V.P. 

480. A Tetrahedron, with One Face in 
THE H.P., and One Edge at 40® with the V.P. 
Drgw he a+ 40® Tvith X /, and on it describe an 
equilateral triangle aJbe. Join a, 5, and c to the 

■ i,’; 


centre d. This is the plan. Draw projectors to 
obtain the elevation. To obtain the height^ 
draw c/D at right angles to rd. With c as centre 
and radius be cut the perpendicular dD in D, 
then dD is the required height. 

431. An .Equilateral Triangular Prism, 
LYING ON One of its Rectangular Faces, 
WITH ITS Axis making 20" with the V.P. 
Draw fe at 20 ’ with .V Y, and make fe equal to 
the length of the prism. At e and /, draw per- 
jicndiculars je and ed, each equal to the edge of 
the equilateral triangle, and complete the rect- 
angle edef. Draw ah midway hetw'oen cd and 
('/. This completes the })lan. DraAV projectors 
for the elevation. The height is obtained by 
eonstructing an equilateral triangle Aed, of which 
Jfc i.s the height. The line a'b' is distant from 
X Y a height equal to Ah. 

432. A Hexacjonal Prlsm, i.ying on One of 
its Oblong Sidks. with its Axis making 20® 
w'lTH the V.P. Draw jd at 20® with A"/, and 
from j and d draw' perpendiculars jj and da, each 
<‘qual to the diagonal of a given hexagon {adAE 
i.s a half of tlu' given hexagon). Through A 
draw ei, and tlirough E, hh, each parallel to aj 
(M dj. This eoiufiletes the plan. P’or the eleva- 
tion draw ])roji‘etors from each angle of the plan, 
'.rhe height c'j' or h'V, is e(|ual to twice /1r or Kb, 

Solids with One or More Sides 

Inclined to the Horizontal Plane 

433. A Square Pyramid, lying on One of 

ITS TRIANtatLAR SURFACES, Wl I'll IPS SqUAUK 
Base PEKiMCNOKniLAR 'JO THE First con- 

struet the plan and eh'vation. W’hen the; pyramid 
is standing upright on its base, with one edge 
])arallel to X )', as shown by AbcT) in plan, and 
A'b'E' in elevation. Tluni turn the elevation 
A'h'F/ so that b'K' rests on A' Y at l/e\ and 
J'ata'. Then ' is the required elevation. 
Dr.iw projeeiois from a\ b\ and (\ to meet 
horizontals through />, r, and E. Then ahedr is 
the ])lan. 

434. .V T ETKAHEDROV, STANDING ON OnE 
Edge, with its Axis TToitizoN'rAL and Paral- 
lel TO THE V.P, As in 433, first obtain the 
}>rojeetion.s as if the tetrahedron w'ore standing 
upright on a face w'ilh one edge perpendicular 
to XY, as Abe for plan, and A'f/D' for eleva- 
tion. Turn this elevation until .4 '6' is vertical 
in the position a'b\ and 1)' at the point d\ 
Then a'b'd' is the required elevation. The plan 
bed in then easily obtained, 

435. A Hexagonal Prism, wirri its Axis 
Parallel to thp: V.P., but inclined to the 
H.P. AT 20®. Construct the plan ABCdeF,, 
when the prism is standing upright on ite end. 
Avith an edge AB at right angle.s to X Draw 
projectors from this plan to m^et A'^ Y, From e' 
draw Fk' equal to the length of the prism at 20® 
with A" Y, and erect perpendiculars to e'k' from 
(' and k'. Make e V and k'g' each equal to dB. 
Make c'f' equal to half of dB, and through a' 
and f draw a'g' and jT parallel to e'k\ This 
is the required elevation. For the plan draw 
projectors from each angle of the elevation to 
meet horizontals from A, B,C, d, r, and F, 

Continued 
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12 

Double-entry Bookkeeping: A Recapitulation. Connection 

Coiiliim tl fiom pagt 1072 

between Journal and Ledger. Epitome of Ledger Accounts 


By A. J. WINDUS 


IT may l>c asserted ^vithout fear of eontra- 
* dieiion tliat w<‘ are arrived at a crisis in the 
study of double-entry bookkeeping. In treating 
of the transactions related in Part VI., we 
“ hastened slowly,’* but in order to reap the 
l)encfit of that policy, and avoid its perils, we 
must, before we proceed, attempt a recapitu- 
lation of the results attained. 

Recapitulation. Nor can it be doubted 
that the usefulness of a review of thi.s kind may 
be enhanccMl by (‘oinbining with it fresh instruc- 
tion on one or two matters closely connected 
with the work in hand. Accordingly, it is jiro- 
posed to restate the aforesaid transactions in 
tabular form,, with coin runs adjoining, wherein 
will bo displayed the old-fashioned method of 
journalising items liefore posting to the ledger. 


The contrast Ix'tween the old-style journal 
and the modern speciali.sed books of original 
entry will Ik^ shown by m(*ans of the diagram 
annexed, wdiich will also indicate the relation 
between such hooks of original entry and the 
ledgtT. 

Wo shall then pass, by a natural transition, 
to the ledger itself. Messrs. Bevan & Kirk, it is 
true, keep seveial ledgers, hut for the present 
jmrpose, let us imagine them to be various parts 
of one volume, cvieh pail being d(‘V()ted to a 
sjx'cial class of accounts, as trade creditors, trade 
debtors, and so on As we advance in know- 
ledge of our ‘-uhjict wc shall agree that the 
multiplication ot K'dgcis i^ a mere matU‘r of 
convenience, and that none of the principles of 
double entry h violated thorcdiy. The same re- 
111.1 rks also apply to the 
subdivision of the journal 
into (Jay l)ook, invoii'o 
book, and the rest. 

Relation of Journal 
to Ledger. Oiir next 
care will be to trace the 
connection bctwx*en («) 
th(‘ jouinal and the ledger 
— wji(‘r(‘ tlie former is the 
sole hook of original ent ry; 
and the liooks of origi- 
nal entry and the ledger, 
w here the journal has fieen 
subdivided. Tn tlic latter 
ease, it should be remcm- 
Ixuvdthat the journal still 
exists as one of the books 
of uT iginal entry, although 
in an abhri‘viated form. 

Witli the object of 
clearly demonstrating Iho 
olfeet of posting from the 
journal to the ledger, a 
jjnrtiul view of the ledger 
will be given, comprising 
merely the accounts and 
items mentioned in the 
journal entries. 

We shall do well to con- 
centrate our attention 
upon the synopsis now 
presented. It contains the 
bum and substance of 
much that has been dis- 
cubbcd in the previous 
chapters of our course, 
and upon the true under- 
standing of it our pro- 
gress in the art and 
science of accounting 
largely depends. 
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DRESS 

BOYS’ SUITS 
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Drafting and Making Banded Knickers. Tracing and Making 

T.»II01 IN< 

ft nil 

up Breeches. A Nor. oik Jacket. Th3 Trouser System 

l.’uJ 



By Mrs. W. H. SMITH and AZELINE LEWIS 


Banded Knickers. The knickers with 
whi(*h wo have now to deal are intendo<l to 
accompany the coat just drafted. 

Side length, from the hollow of waist to side 
of knee, 20 in. ; inside leg. 12 ii>. ; seat, 2tS in. ; 
waist, 20 in. ; knee hand, 10 in. Working 
scale, half w^aist, 'Ll in. ; half seat, 14 in. ; 
I in. turning.s are allowed on all seams. 

Drafting the Knickers. These are 
drafted in the same w ay as the previous knit‘k(*rs, 
with the following ex<‘eptions : 1 to 2, side 
length ; 2 to 2 ‘I in : II to H, half waist ; hack 
line to 1, half v\aist 
and 1^ in. Thi^ 
allows 1 in. for turn- 
ings, and J in. to he 
taken out in a dart, 
which is mad(‘ .S in 
from J, and termin- 
ates about 2 m 
below waist line [481 
The object of this 
(*xtra in. added to 
the turnings is to give 
plenty of 
room from 
I to C, othcr- 
w i s e the 
knickers will 
drag at those 
points. 

Make J on 
the line 
above I, and 
K above H 
on same line ; 

2“ to L, 1 in. ; 

L to M, half 
seat, less 
in. ; M to 
, 1 in. Draw' 
line from N 
to C, curve 
from C 
through B**, 49, b.vno 48 . drafting for 
to within 1 knickers 

in. of E. 

Three inehe.s up from N make a dot ; curve from 
M through the dot to D, and from D to E. 
Curve from L J in. to right of 2, through F ‘ and 
I, to i in. to right of J, and from seat-lino 
through H to K. 

Make a dot midway between L and M, hollow 
the underside J in., and round the top side i in. 
f481, The top side is to be fulled on for knoe- 
band. The pocket openings are about 5 in. 
down* L6m I and H. The band should be 3 in. 
mote than the actual and 1 in. wide when 
finish^ j 49]- 
' m2 



Trace the ])atlern oft as in previous drafts, 
leaving an inlay on the outside seam of back 
part 4^ in. up from the bottom. The inlay must 
be 1 bread - marked. 

Making the Knickers. These knickers 
are made in e.xactly the same way as the others, 
vMtli these exceptions: The outside seams are not 
stitclu^il until the hands are on, and the inside 
l(‘g si'ums are only stitched u}> 4 in. from the 


in . and tlie toj) I in. ; Viaste 


bottom. 

The bottoms an* pn'parcd in the following 
manner : Take a piece of silesia 2 in. wide and 
4 ill. long, fold through the centre, haste the 
silesia on the right side of cl«>th (raw' cdg(‘S 
together) from the nick to the bottom. Machine 
the <*dge, n'lnovc the* hasting, turn the silesia 
over: haste, machine on the right side .from 
the bottom to the nick, J in from tlic edge. 
Take a ])i(‘cc of linen I { in. wide and 4J in. long, 
turn the edges ml* 
to the inlay ot 
hack pari J in. 
above the nick, 
along both side^. 
and machine round 
tjie edges. 

tiatluT the bot- 
toms with strong 
waxed thr<‘a(l, 
draw m to the si/.e 
of the hand —in 
till'' case Itt 111 — 
and shrink all the 
fulness out 
111 this man- 
ner. Place 
t he laige end 
ot a sleeve-board 
insuh* the bottom 
of knickers, with 
the gathers on to]> 
ot board, and leg 
underneath ; place 
a wet rag over, and 
jiress with a hot iron 
until all the fulness 
IS gone. 

Cut a strip of cloth 
2X in. wide, and 3 in. 
longer than the size 
r'‘f| Hired ; fold the 
band, make nicks 2 in. 
from end for the 
tongue, and 1 in. from 

the other for the wTap. Place the band on 
the top of leg, right side underneath, with the 
nick of tongue to the turned-in edge ; baste 
along and machine \ in, from the edge. Remove 
* 1 ,.^ jMind over, allowing the 
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raw odge to overlap the Heim J in. Basle, 
making the corner neat ; stitcli all round 1 in. 
in from odge, and pres-^ on the wrong side ovei’ 
a damp cloth. 

Join the outside seams and press. Open the 
knickers right side uppermost, and bar-tack tlio 
top of opening; then finish off, and put in the 
linings as deseribed for first knickers. 

Breeches* Side leg, 20 in. Inside ](‘x. 
12 in. Seat, 30 in. Knee, 11 in. Small, lo in. 
Bottom, 10.1 i^O]. 

; These are drafted on the same principle as 
previous knickers, with a few exceptions. I to 2 
is side leg to knee (20) ; 2 to 2 4 in. ; X mid- 

way l>et\veon 2 and 2'\ Square line -5 out from 
2, X, and 2'‘, also from B on seal -line to 
bottom. 

B line to ff, half the knee (r>l) ; place tliis 
amount, in., on B line, and make dot (> the full 
knee measure, plus in. (12A). 

B line to 7, half the small of 
knee (5 in.) ; place this amount 
on B line, and make 8 the full 
measure and J J in. (11 J ). B 
line to 0, half the bottom 
measure (ffj); place tins 
amount on B line, and make 
10 the full measure, 
plus 11 in. (12). 

Draw line from knee 
to C, slightly curve J in. 
to the left of this line, 
curve \ in. to the loft 
of B line at the bottom, 
and continue to D. 

(.^irvo the outside seam 
from 9, through 7 and 5, 
to 1 in. to the right of 
A, and on to H and K 
and from 10, through 8, 

(), 1 1 in. to right of A, 
to J and J. Curve the 
bottom of knickers } in. 
above and below tlie 
leg line [60]. 

Tracing the Pat- 
tern. In tracing tlie 
jjattern off take tin' 
fore part, trace along 
the bottom curved line, then from 9 through 7 
and 5 to K, along the toj) (from K to 4), waist- 
line (H to 3). through tlie broken line and 3, B'‘ 
to C, and to the bottom of knicker. Trace the 
back part along the upper curved line at the 
bottom, and from 10 through 8 and ti, to I and 
J ; from J to dot beyond ^5, on to 1), and from 
1) to bottom of knioker. ficavc an inlay of 1 in. 
on the outside seam of back part. 

When cutting the cloth make nicks midway 
between knee and si'at-line on both side*^, as 
thesM} must be jnit together when making, or 
they will twist w’hen w'orn. 

Diagram 60 also .shows jiosition of buttons and 
buttonholes. 

Mailing up the Breeches. These are 
made like the banded knickers, with n few 
exceptions. The stay for the buttonhole side 
of knee-opening should be 4 in. wide and 4J in. 


long, whilst the bottoms should be bound 
with best Prussian binding. This binding is 
basted on the right side, being held rather tightly 
(the cloth must not be stretched). Stitch, 
remove basting, turn over, and fell on the wTong 
.side. 

Four buttonholes are worked on the fore part, 
J in. apart, the first one being } in. from the 
tack. 

If the knieker.s are not lined throughout, they 
must have a curtain, or wing, jilaced under the 
waistband, which should bi- 0 in. deep at the 
back, and 4 in. at tin* sid<‘ ; the bottom edge 
mu.st be turned in and stitched, the centre 
caught to back seam, and tin* sides bdled to the 
pockets j51]. Face tlie forks with a little light 
lining. 

Norfolk Jacket. .V Norfolk ja^'ket, 
to wear with the hreerhos already given, can be 
made w ith or without a step collar. 
If the latU‘r, it is simply turned in 
round the neck, and tlie lining 
felled to tho cloth. J\ilcli pockets 
are usually put on Norfolk 
jackets ; tlic.se call for no cx- 
lilanation, as they are .‘-o simple, 
hut oarc must be taken not lo 
put them on too tightly 
[521. 

Pile }jlcats are made 
in this way. Tho cloth 
mu.st be cut double the 
width thiy arc required 
to be when finished— 
in this case it is 4 in. 
for a 2 in. pleat. The 
two edges must bo 
serged together (tho 
cotton should not be 
drawn too tightly, or a 
bard ridge W’ill result), 
then ju-css the pleat on 
the wTong side w'ith tho 
seam in th(^ centre. 

Baslo to the; right side 
of coat, rather easy,’* 
from the shoulder to the 
bottom [for position see 
52]. 'Purn the coat 
over, and stwv the jik^at to tie* coat 4 in. on 
either side of tlu' seam lieforc the lining goes 
in. It has one })lcat down tie*, centre of b.ack, 
made in the sann* manner. Finish off the 
coat as previously showui. 

.The Belt. Wc are now r«‘ady for tho 
belt. Take a .strip of linen cauva-^ 2 in. widi 
and 3 in. more than waist measure. Point one 
(‘lid for the buttonhole, t’lit the eloth 3 in. 
wide and .J in. longer tlian the canvas ; haste 
tho eloth to the canvas, leaving j in. at each 
end. Serge the cloth to tho canvas Avithout 
lotting the stitche.s show throug)i. as they 
remain. 

Turn the eloth in juuitly and rather easy at 
the point<xl end, and face tlie ladt w’ith a strip 
(tf lining to match the coat. Work tlie IniUon- 
hole on the pointed end. and s»av Iavo Imttons, 
1 in, apart, on the other. 

17.V? 




DRC83 


Tho belt can cither be stitched to the centre- 
back and side seams, or loops made of the cloth 
can be sewn to tho side seams, and the bolt 
.slipped through ; in any case it must be stitched 
to the cc’itre of back. 

The Trouser System. Waist, 29 in. : 
scat, ,S2 in. ; knee, lb in. ; bottom, lo in. ; 
side length, 3GV in. ; inside leg, 25 in. J-in. 
turnings ar<‘ allowed. 

The Drafting. Draw side length I to 2 
in.) ; mark up to A, length of insiilo leg, 
25.} in. ; this leaves 10 in. for 
what is called the rise of the 
body. Square a line; from .\ 
about 12 in. ; A to B, half of 
seat, 8 in. ; A to C. (wo- thirds ; 

C to D, one-twelftli ; B to 
one- twelfth plus | in. 

Square line from B, raising 
the ruler .J in. above A. If 
this is omilted. th<‘ top of the 
trousers will he too tight in 
front waist. B to 5, half of 
seat, plus 1 in. : 3 to 4, 2 in. 

Draw lines from 3 and 4 to 
side-line, then follow' direc- 52. nokkoi.k 
tions for handed knickers for .iackkt 
tlui waist portion. 

2 to 5, lialf leg, plus 2 in. (15 in.) ; 2 to 4, 
IJ in. Draw line from L. through F', to 1 and 
J. Square a line from 5, ami make b from 
inner point of 5 half knee-nu‘asure. L to M, 
half bottom, less }, in. M to N, l.V in ; b to 7, 

1 in. Draw line's from M, through b, to (', and 
from N, through 7, to 1). Mark up J in. from 
bottom, midway between L and iM, and eurve' 
from these points [531- 

The front and hack must lx* Iratx'd aiul cut 
out in tlu5 same way as for knielo rs. 

Making the Trousers. Materia! r<'- 
qnired, 2.J yards ; this Avill leave pieta's for 
repairing. 

The making of trousers, as of any (»(her 
garment, must he ean'fully dom* if they are 
to lit. 

Leave 1 .} in. np the hack, to let out if required ; 
also 1.} in. to turn up at bottom. Heim'mhfr to 
put in the marks at kmx's, which must he 
exactly opposite each other when the trousers 
are taeked togt'thcr. 

Jf they are to he* lined cut the linings fir.st. 
taking care to cut them .J in. larger at top and 
nnder-sides— as at F and D — to prevent splitting 
at those parts where there is most wear, h(‘cans(‘ 
cloth made from wool is elastic, while cotton is 
not. 

Cut the fly to fit fronts, as shown on diagram 
for knickers. Put linen inside and silesia 
outside to match, canvas or linen, 2 in. wide, 
round tho tops, and stays on the places wiiero 
the buttons will bt* sown. The fly must have 
special attention to make it fit well. Baste a 
pieoe of linen round the fork, as shown in 
the diagram [from! to B , 58]. This is to prevent 
the fly from tearing down at that part, where 
thei^ is 30 much strain wdien putting on or 
working. Tho fly must also be faced up with 
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silesia, and the button part must have double 
linen put on, elo.'<e to the seam, quite “ easy,” 
80 as not to tie the front. This must also be 
faced with silesia. 

The Pockets. The pockets must havt* 
good stays at top, and bo well secured top and 
bottom. This is very important. 

When tho trousers" are ready for maclunii\g 
care should be taken that the tension of the 
machine is vset right— that is, the stitch locked 
in the middle — so that the stitch is the same on 
both sides ; if not, the scam will give way. and 
probably cause* a good deal of trouble. 

When ready to pr(‘ss :iid(^ the leg on a (hiplex 
or do\ihU* slot* ve- hoard, and press w(dl. Good 
trousi‘rs makers sluipe tlie legs to the form — 
that is. they shrink the legs in at shins, to 
form the calf ; also at the baek of thighs, to 
form the round at that part ; tlie in.step is 
also shaped, as well as the heels. This pressing i.s 
done on a pieee of eloth on a table, and a crease 
put lip the fronts, when* the shinlione is. to th* 
tops [45|. If liiK'd. [)roe('ed as for kniekers. 

Doy*s Overcoat. We have* nou to d ‘ mI wi‘ h 
the making of ov(*icoa.ts for hoys h(dw> en too 
and fourteen yt‘ji rs of ag(*. 

Measurements. Neck. 14 in. ; hack 

l(‘ngth, 15 in. ; le ngth of coat. 33 in. or more, as 
desired. Baek b in ; (‘Ihow. 17 - to w'list, 2() in. : 
breast, 2Sin. W OrUing scali'. lialf-hreast, 14 in. 

'riiese ineasiiienicnls ai‘(‘ tako’i over the under 
coat, allowing 2 in. mon* than breast measure- 
ment. and 1 in. on length of sleevi*. Notice that 
tlu* width of hark and 



the natural w'aist-line, and an extra piece to 
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turn in for facing and going under, to prevent 
the back from gaping open. In this cn-se, a 
seam is required in centre- back. 

The Front Drafting. C to two- 
thirds of breast ( 10 J in.); F to F'% ono-fourth of 
breast (3^ in.) ; F** 
is midway between 
F and F‘‘ ; F^’ to 
X, } in. ; C to (J, 
half breast, plus J 
in. Tlie half inch 
is lost, so to speak.- 
by the curving in at 
top of side, w'l)or<^ 
the arm joins the 
back. Square line 
from ■waist through 
(» ; make Tion neck- 
line ; (J t o H 3J in. 
more than size — 
this quantity will 
give a nice lap-over 
for ease. 11“ 3 in. 
from line (h Draw 
line from 11“ 
througb 11 to bot- 
tom of garment, 
add J in., and 
make dot 2; then connect, with 1 [5*]. 

For the drafting of collar, follow directions for 
step collar, W'ith the exception that 11“ curve is 
not raised I in. Draw the neck, shoulder, and 
armhok* curves as in previous draftings. Draw 
a line from K to 1, and on to J, for side-.seam of 
back. 
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Drafting the Pockets. From G line 
on waist tot, 4 in. ; draw a lino in a slanting 
direction [54] 1 in. above and 5 in. below 4, for 
opening ; th(^ welt is 1 in. to the loft of opening. 
Tb(* pocket proper i.s 12 in. long, 6 in. wide at th<^ 
l)ottom, and shaped as in the same diagram, 
and should go 1.J in. above the opening. 

A breast pocket is now inserted in the lining of 
the left fore part, not outside, as formerly [for 
position, see 54 1. 

The Sleeves. The sleeves are drafted as 
has been previously showm, except that the 
bottoms should ()e J in. wuder, and an extra. 

in. added to the elljow'. 

Directions for collar have already heou dealt 
with, but for an overcoat the fall sliould be 
about 2 in., and the stej) about 1 J in. 

For position of fly, diagram 54 should he 
referred to. It should extend 15 in. below" H, 
and l>e 2 in. wide. 

Material and lining required are about 2 yds. 
of 54-in. cloth, and J yd. of sleeve-lining, 1 yd. 
of canvas, J yd. best black linen. It i.s advisable 
to get canvas that has been shrunk. 

Vortical Welted Pocket. 'Pho linen 
stay must first be put on tlic thread-marks of 
opening on the wrong side, avS previously shown. 
The back of pocket must have a facing of cloth 
2 in. wide, and J in. longer than the opening. 
Place this on the right side of coat, w rong side 
uppermost, clo.se to the thread-marks of opening, 
and J in, above and below the o])ening. 

Place the pocket lining on the facing, in. 


above the opening, baste to the coat, and stitch 
along the edge. Now stitch the other part of 
pocket lining and linen stay to the top of welt, as 
for vest pockets. 

Baste a linen stay to the centre of welt ; out 
the pocket-opening to wnfliin J in,, making 
slanting notches on both sides of either end, to 
allow tlie pocket to go through oa.sily. Stitch 
the edge of facing to the pocket lining, put the 
linings through tl^o opening, macibino the edge 
of W(*]t. and apiin \ in. below, and proceed with 
the welt as in vest. 'Flien haste the pocket 
round, taking in tht^ linen stays, and stitch. Be 
sure and well secure th(5 ends of pockets to the 
canvas after it has been insc^rted, and place the 
linen stays from pookeds to .armholes, as in 
previous les.sons. This i.s most, important for an 
overcoat. 

Inside Breast Pocket. Wt* must now 
proceed with the inside breast j)ocket. The 
lining and facing of left- forc^ part must be care- 
fully fitted, and the pocket-opening thread- 
marked befoH', the pocket is inserted. If the 
lining is of Italian, the pocket must bo jotted, 
or pifwd, with the same ; if of cloth, it must 
be jotted with cloth. 

First ])lace the linen stay on the wrong side, 
as previously showm. Take two st rips of Italian, 
IJ in. W"ide and ] in. longer than the opening ; 
fold each piece through the centre ; place one 
above and one below the poeket-opening, with 
the folds close to the thread-marks, and a 
seam beyond at either end. Baste to tlio cloth, 
and stitch J in. above and below the thread- 
marks ; r<‘mov(* the basting, cut the opening 
to within | in., slightly notch each end, fold the 
Italian hack to the wrong side of facing, and 
baste the (‘dgo abov(^ and below the opening, 
pressing the cloth down so that the Italian cloth 
will show in. above and below. 

Take two pieces of lining for the po(;ket, 2 in. 
wdder than the opening and 7 to 8 in. long ; 




56. <M)I.LAH AM> F.VLL READY FOR FACING 


face th(! top of hack part with a strip of Italian 
2 in. widi*. Baste tog(‘ther ; turn in the lower 
edge of facing, and stitch to lining ; turn the 
coat-facing over, wrong side upnermost. Place 
the front of pocket-lining over the opening with 
the low(;r edge aw'ay from the worker ; ba.sto 
the other edge ] in. below the pocket-opening ; 
turn the fore part over wuth the lining in the 
same position ; machine the <^dg<^ ,V, in. below 
the seam ; and crease the pocket- lining bock 
in its proper position. 

Now place the back of pocket on the wrong 
side of coat-facing, 1 in. above the opening, 
with the pocket-facing underneath ; baste, 
turn the fore part over, and stitch the edge in, 
from the seam. Remove the basting, draw the 
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edges of the pocket -opening together witii a fen' 
stitches, to keep it closed until the pocket is 
iinished ; press tl\e corners hack nith a needle, 
and finish the pocket, not forgetting the bar 
tacks at the ends of opening, as it is most im- 
portant that these should be well secured. 

Tlife sleeves and collar are made and put on as 
already shown [55 A and BJ. 

MaKing an Overcoat, t'lie fore parts 
of the coat must have extra canvas from the 
shoulders extending to the Ijottom of armholes. 
The lining and facing should he well ])added 
with wadding — as from F to 1 ' 1 54]. w here* there 
is a slight sinking in — which is sfitehed to the 
lining [56]. The armholes should have a linen 
stay extending from shoiihh-r to 2 in. heyoiid 
side scams. It must he Indd a little tight ly round 
tlio back of armhole and j>ut on before the 
sleeve is inserted ; the latter, after h(‘ing 
inserted, sliould iiave a small roll of wadding 
about 5 in. long, and h in. wid(' (before being 
rolled) taeked on the topof sleeve on the inside* 
before the lining is felled in jdsee. 

The Fly. Wo l\avc' 
the fly. We may assumr 
prepared, with the sta\s, 
canvas, and lapel ])added. 
as previously showji. Tak(' 
the left fore part, ])lace it on 
the table, right side upper* 
most ; take a ])ieee of 
Italian 2 in. wide, ])laee 
this on the fore })art, wrong 
sid(‘ upi>ermost, 1 in. above 
and Ix'low the opening, 
which must he notched a 
seam top and fjoltom. 

Baste and stitch from notch 
to notch; remove the hast- 
ing, turn in the Italian, 
baste th(^ edge on the inside 
of coat, w'orking the cloth 
iV in. Turn the fore 
part over, stiteli from notch to noteli close to 
the edge and also [ in. in; lit the facing to tin* 
fore part, leaving it ratlier full at the lapel. 
Then notch the facing at the top and bottom 
of opening. 


to eonsidt-r 
fronts 
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Remove the facing from the coat, place it 
on the table, right side uppermost, with the neck 
to the left ; place a strip of Italian on the 
optming, and on this a double strip of linen 
2^ in. wide when folded. 
Baste the edges together, 
stitch and remov'o the 
basting ; turn the linen 
and Italian over and baste 
th(' edge 1 in. in. working 
the cloth in J in., and 
stitch i in. in from edge. 

Now replace facing, with 
the right side facing that 
of fore part, and baste 
together. 

The lapel yjortion of 
facing should be left rpiite 
‘■('asy ’ from Tf to I in. 
below tliis to allow for 
turning ov(*r without 
tight(‘ning it. and Ihiis allowing it to s(‘t fpiite 
Hat [54|. “ 

Maehin(‘-sl itch la])(‘l. as in hoy's coat with 
st(‘]) eollai*. to If. B( move the hasting, press 
tlie seams, and tiim tliem neatly. 'Furn th(‘ 
facing over ; tri st the lapi‘1 as in tonma* lesson, 
haste the Hy in position, and machine 2 in. 
away from lla* edg<' on the right sidi*, hut not 
through fseing. rounding tlu^ bottom of Hy. as 
in drafting |56 and 57]. 

A row of stitching slnmld now la* machined 
dovvm each front, round lapel and collar, and 
again ] in. in from e(lge. 

Spaet* and work the but tonhol(‘.s. I'lie first 
should b(' 1 in. from tin* end of lapel *it II. 
Th<*\ should h(‘ 1[ in. aj)a,rt, and J in. from edge, 

Si'cure the Hy to the coat at the top and 
bottom with invisible stitches, also between 
(‘ach buttonhole. 

TIk' right hue part is treated in the way 
already shown. The buttons are j)ut on .‘1 in. 
from the edg<‘ of coat, on whieli an extra strip 
of canvas. 2 in. wide, should be jHaeed. The 
centre of the* canvas should be j)laced vvluae 
the buttons {ue to l)e s('wn on. 

The coat can tlu‘ii be Hnislied otT and pressed. 
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Stretching the Hand. Playing with Hand Movement. Arpeggio 
Playing. Double^note Passages. Weight Touch. Scale Fingering 
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LJAVTNG bccomi^ familiur wilh the scales. 
* * taking each hand a(‘paratcly, \vc must take 
them next with the hands together in eontrary 
motion, thus : 



Passing under Thumb. In k^arning to 
play the soak^ the rf?v;\sT ?my, ascending willi 
right hand and descending witli li'ft, begin hy 
passing the thumh along nnd‘M’ the fingers as 
soon as it is free to leave its key, and so have it 
“prepared" over the fourth note of the scuite. 
Tn placing it on 
F. and the fore- 
finger on (», there 
may be a slight — 
a very slight — 
double lateral rnovemt'nt of (he wrist. But this 
must be so ?>er// slight as not to disturb the general 
impression of the hand eoiitiniiing to lie obliquely 
aero.ss the k(‘ys. Jn scale playing there is no 
stretching of the lingers ; slight lateral inove- 
ineiits of the wri.st and a steady lateral inovt*- 
meni of the arm hriiij the lingers over the keys. 
Hut in piano ])laying, ne\M*rtheless, .stretches of 
the fingers and baud are sometimes necessary. 
Here, again, the nriseular conditions must, as 
far as pOisikle, Ih’ those oi' <'ase — freedom from 
rt‘straint. 



Stretching the Hand. For octaves and 
tenths, etc., Wv^ must let the stre.tehing he 
gradual and gentle, and so a-hieve it williout 
rigidity, and he able t(> retain elasticity of touch, 
(tontlc ox(u*ciscs away from th(‘ jiiano, practising 
alternate out-str.;tching of all the fingers, and 
gentle but complete reclosuro of the fist, is good 
for this and for the general health of the finger 
and hand muscles. All kinds of easy though 
full-sweeping gymnastics of the hand and arm 
arc indeed goodi for the ))ianist, ii^ovidf'd alway.'i 
there is no rigidity. 

The general principles of all such gymnastics 
are these : To use fully one set of muscles, and 
to follow that up by" immediately using the 
opposite set, taking care, however, never to use 
the two opposing set of nniscles simultaneously. 
Stretch out the arm^ and then refold them, 
stretching them at all kinds of different angles 
and altitudes in their relation to the body ; let all 
the motions he full — go as far as may be in either 
direction, but always gently. Romembor to use 


such gymnast i(*s a//cr, never imtneS lately before, 
playing. 

Octave ])laying brings us to band movement — 
f.e., playing without any mov’cment of the fingers 
relatively to the hand, hut with movement of 
ih(‘ whole hand instead, relatively to the fore- 
.arm. 

Playing with Hand Movement. This 

wa-i, till reei'iitly, termed ‘‘wTist action.’' This 
downward movement of hand at knuckle end 

hand touch -“need not exc(*ed the distance 
from kt‘y-surfac(* to key-bottom”; hut if. as in 
ili(‘ cas(^ of jing(*r movement, we play (in slow 
time) with a jm'liminary lifting of the hand, this 
must l)e followed by its falling on the keys, thus 
relaxing the uj) muscles and making key-contact 
without any hitting. In the latter case, w^c must 
he cartdul \o think the lifting of the hand, 

hut always to think key-movement ” instead. 
For if we atliuid to this ujiw^ard movemcuit of the 
hand which is not essential to tone produc- 
tion, hut is merely a form of muscular gymnas- 
tics for the freeing of the muselovS, wa> may 
overlook the e.'^svntiaK that feeling of the 
resislnnee of ilie keys before and as we 
move them into sound, which is the only w'ay 
of making sure that W(‘ get what we w^ant 
from them. 

Our attention must always he given to the 
making of wi/za/ ‘‘by using our sense of key- 
resistance, and by listiming for tlie beginning of 
(he sound," In }»laying ... 
repeated notes thus: 
we must hear in mind 9--m 
that the .sound isrvach(‘d 
)M*forc the bottom of the key-bed is reached, and 
that in good pianos Avitli repetition action it is 
I'Vi'n not n(*et‘ssary in v<‘ry soft passages to let 
the k(‘y rise to its highest level between the 
repetitions, an<l that these, tluTcforc, can be 
performed with a very slight up and down 
swaying of the key. 

Position of Fingers and Wrist in 
Hand ■ touch, No^w note in connection 
with hand-touch, ov so-ealk'd wTist-touch, 
that : {a) The lingers do not move relatively 
to the hand. Fingiu’s should not move during 
key d^'seent, except in fingor-touoh. {h) The 
normal height of wu'ist is about level w'ith 
knuckles or slightly loAvor. This may vary, 
hut rapid octaves arc found, as a rule, easier 
with the wrist-level slightly higher than the 
normal, (r) The wTi.st must allernakOy rise 
and fall, slightly, when a ]»<is.sage requires the 
thumb on alternate black and white keys ; 
wrist low'cr for black than for wliite keys, move- 
ment not greater than w ill suffice to keep elbow 
quiet.” fMatthay. } 
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Arpeggio Playing. Arpeggio playing now 
calls for attention. Arpeggi are the notes of cliords 
played in succession; thus in the chord of (‘: 



niid in extended arpeggio passages the tJuiinh, as 
in scales, passes, and is passed by, the fingers. 
The hand, in siicli passages, must lie still more 
obliquely to the keys than in scale playing. 
Extended arpeggi, in sliort, are just big-striding 
scales, and the scale habits hero call for slight 
exaggeration. “ The arpeggio,’' says ^fatthay, 
“ in addition to the normally outwardly -turned 
position of wrist (as in the scab'), leqiiires slight 
lateral movements of the hand and wrist to 
enhance the laliTal stretch of the tluuub and 


lingers.” 

Well oil your wrist, so to speak, by omitting 
all contrary exertions, and rest on the 

contK'cting noti*. Preserve Hk^ obU(pie line of 
band to keys even to tlie extrtune ends of key- 
board, following the liand up with a lateral 
movement of the arm. 


(a) 


The ohliquo position of liands for single-note 
sealea and ar])eggi is, as avo have s(‘en, r»ne that 
eatiscs a slight turning in of the liands towards 
cho body. 

Double » note Passages. ^\>r douitle. 
note passages, on the other hand, it tak<‘s 
the form of (a), from the 
centre of keyboard out- 
wards, and this other form {h) 
from extremes of keyboard 
(ow'ards the e('ntre. Tn short, in such pas.sago 
the hand is turned in the direction the scale is 
travelling. All such laterally (/,) 

moditied positions of the hand 
must be assumed and retained 
with the greatest possible 
ease — ?.c., without any stiffness induced ))y ll>e 
interference of the eontrary muscles. Tn plac- 
ing double-note ])assages legato^ tlu^ connection 
can only bo maintained at the m*oss-over junc- 
tion by one of the Iavo notes. Realise this, and 
rest gently on this om* note with fifth linger or 
thumb wbil(^ taking up the new' position f(»r 
the next two. And remember to leave tlu* 
tifth linger bend aide, as learned in the Dail\ 


Test. 

The Three Movements. W(^ hav(‘ 
spoken of \mgQV-movemmt (the only movement 
available for a real legatf)), band -movement, 
used for rapid double- octave and sixtii passage.";, 
etc. Besiclos these we also require arm-move- 
ment, the mov;*ment w'o use to carry the hand 
and fingers to the keyboard at the beginning 
and end of phrases, and also for slow' successions 
of chords and single notes. In approaching 
the keyboard, let the arm gently fall of its own 
weight, but not necessarily of its whole weight. 
Single detached notes are mostly played by the 
arm. 

So-called portamento” passages, indicated 
by a combint d use of the staccato dot and 
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the legato slur, thus ^ which we find 

frequently in Chopin’s music, for instance, and 
which are really a duration emphasis, are 
])layed invariably by arm -weight and frequently 
by arm-movement. 

Muscular Combinations. Wo have 
seen that the w'cight of the arm and the 
exertion of linger or hand, or both, are the 
muscular agencie.s wo use against the key to 
move it. These arc our artist’s colours — out 
paktte. Prom these, and from comhinations 
of these, we get all our effects. Thus, if in 
finger- mo v^ement Ave eliminate both arm-Aveight 
and hancI-ex(U‘lion. Ave g<‘t light, prestissimo 
passage playing. If wo add hand to finger 
ex<rtion, during finger- moviMuent, wc get a 
more robust tone and less speed. If aa'c add 
arm-Aveight to lingcu* and hand exertion, during 
finger -mo \ement. we get any langi^ of tone the 
instniTuenl can yii'kl. hut no more than a 
limited degree of spik'd. Tlie same thing applies 
to hand-movement. With it, Av'hen avc wisli 
speed rath(‘r tliaii tone amount, we eliminate 
arm-Aveight. and so on. Such combinations do 
not affect agility and tone amount only; they 
must also be most carefully ehostm, that A\e 
may (»btain the desinal time (jualilieti. When 
muscular (‘xertion tak(‘s the lead and calls on 
arm-Aveight to follow, tlie torii^ is liriglit and 
rousing. 

Weight Touch. Wlum arm-weiglit, on 
the other band, la/.ily tends to fall, and is, as 
it Avere. tai’dily eonveyial to the keys by the 
muscular exertion, tluai the tone, thus more 
gradually imlucaal. has a character Avhi(*h 
betrays its origin and aff(‘cts us with its inlienmt 
quality, persuasive*, insinuating, sli'aling ujiou 
one'.s s(‘iw.s unawares. If we want to soothe 
our ;Hulit‘ne(‘s Avith a noctunn*, am* (am only do 
so by relaxing our own arm-muse)es and using 
just as much exertion of finger and hand as Avill 
conv(‘V the impetus of this tomvindueing 
weight to the hammer and to the string throngli 
tlie keys ; and tlu* bent and Hat finger attitudes 
r(*speetively help greatly to iner(*as(‘ this dilfer- 
ene(* in quality. The manner of tone produetion 
just deseribed. Ma tt hay has termed W'cight 
toueli, to distingui.sh it from all other kinds 
which are started by muscular exertion. Those 
miis(*ular combinations are the most important 
of all the Matt hay teachings, further details 
of which ma;^' be found in his oaa'h works. 

Bent and Flat Finger Staccato. 

Tlicse different qualities of tone are equally 
available in staccato and in legato. When the 
'■ bent ' and “ fiat ” finger attitudes are em- 
ployed for Maccato. they show tAVO different 
kinds of rebounding. Tlie “ bent ” movement 
of the linger rebounds to the position it held 
before key-moA'tment. The “flat” continues 
in the direction in Avhich it is going, as thougli 
very quickly sliding a threepenny -piece from 
the keys. 

Arm Position. We have spoken of 
the normal attitude and varying position 
of fingers and hands and Avrists. What is 
the normal position of the arm ? A rather 
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outetretched one, not a but ratluT 

an obtuse angle. Not thus, | , but rather 

tlius, . The forearm should either be 

level from elbow to wrist or else dropping a 
little towards elbow, thus : 

The elbow should hang quite free from the 
body and travel fro(‘ly outwards (sideways) 
when A passage moves t\) the keyboard 
extremes. 

Bo not sit too near the instniin en t. Sit so that 
the arm at the elbow “is snflieiently hwward of 
the body,” and get this 
either as in d iagram (a ) or A 

(6). If bending slightly / 
forward, support the / 

body well by the waist- L 

muscles at your back, 
and in any case breathe 
fully and deeply. 

Mastery of Keyboard. AVo have treated 
of the several laterally modified positions of the 
liand that must be assunu'd and retaint'd with 
the greatest possible ease. Now, it- is evident, 
as music is not made uj) of continuous series 
of scales or arpeggio, or five-finger position 
groups or repeated notes, or of octaves or of 
chords, but of endlessly varied combinations of 
such, that the hand must be contiruiully varying 
its position laUu'ally to tbe keyl>oard and to 
the forearm, and that an •‘oily'’ adaptability 
in this respect is indispensal)lc for successful 
keyboard manipulation. And throu;/h all these 
changes the hand nufsi lie on the keyboard, hanyinj 
front' your forearm, an^d the fingers mast thus 
rest on the keys. When we have tested for 
right muscular conditions, we must forget 
ourselves and o\ir muscles, and give all our 
attention to the instrument and the music we 
wish to draw from it. 

Technical Material. The material for 
the study of all these forms of mental muscular 
instrumental expert ness nis y l>e found in any 
piece we practise, all the difficult passages being 
extracU^d and used as the stulT of such technics. 
But ample specialised material is to be found 
also in Schmitt’s “Five Finger Exereis(\s,*’ 
Beringe.r’8 “ Daily Praeliee,” (’ainille Starnaty's 
“Lc Rhythm des Doigts, ” (^^enuer's “Teehuies,” 
Czerny's “Virtuosem Sehule," and the like, to 
which the student may refer if he will. We must 
never begin the muscular practice of such things 
until the mind has mastered the material, its 
musical shape, and keyboard contour. Theo- 
retical study, the study of harmony, of chords, 
passing notes, of form, etc., art' necessary for 
this, as without such study the mind has l-o 
burden itself with too much detail. 

But besides such scrappy technics as have been 
alluded to, it is well to work at somt! larger forms, 
so-called Studies, in which thecjonstant repetition 
of some technical difficulty giv(*n in a partitjular 
figure is made pleasing and musical by the form 
in which it is presented. 8uch arc helpful in the 
matter of endurance. For the study of finger 
facility, nothing l)etter, probably, will ever l>e 
written than Czerny’s Etudes, which arc calcu- 
lated to prevent the formation of such bad 


habits, such hindrances to good rosiiUs of any 
kind, as key-hed squeezing and the use of doum- 
arm force. As agility passages can only be 
played successfully when there is no “ jamming ” 
of the key uf)on the bottom of th(5 key-bed, such 
studies, properly practised, atid the study of 
staccato, form tlio best tests and proven tatives 
against sueli harmful and uimt'cessury attempts 
to push the piano through the floor. 

In (V.(‘rny we find an ahundant'o of delightful 
running jiassages with staccato single notes or 
chord accompaniments, and with every now and 
them detached ff* chords on which to try the 
full weight of diir suddenly rt'leased arm. For, 
of course, during all these dainty running 
passages we have been supporting the weight of 
the arms with their own “up” mnseles; and not 
only is it delightful now and then to he allowed 
to relax thus for a moment, but it is essential for 
us as artists to undc’rstand and swiftly bring 
about Stull successions of totally opposite 
museular conditions as )>roduee sueli totally 
opposite instniinental results. T/ight agility pas- 
sages also, needless to say, strengthen tlu^ arms, 
since tlu'y give them so nuieh work in keeping 
their own weight off the keyboard. (V.erny’s 
“ Velocity Studies,” “ Staccato and Legato,” and 
“ Finger fertigkeit ” can be recommended. 

Fingering. And now as to fingering. This 
must he derived not merely from the contiguity 
of the notes, but also and chiefly from the mean- 
ing of the music -its phrasing. Still, them are 
general rules of fing(‘ring which we must make 
into habits --ruk's whicdi an' broken wlienevei 
the phrasing demands it. 'J’hese rules are : 

(i) Contiguous fingers on ('ontiguous ivories. 

(ii) When ebonuss are mixed witli ivories it is 
easier, as a rule, and thert'foro advisable, to leave 
the black keys to the four lingers, an I to use 
thiimh on white keys by prefertne*. Many 
modein advanced jilayers, for the sake of 
practice, take all the tiv<vfingcr exercises an«l 
scales in all keys witJi the same fingering, using 
thuinl) on black keys and whik^ alike. (iii) 
(J roups laiger than five eontiguous keys are 
reached in different ways, tJius : (a) by exten- 
sion, (6) by eontraetion. Or (iv) we get along 
tbe keylioard by eoinu'cting such fingering 
group units by passing tlu^ thumb under fingers 
or lingers ovta- thumb. Tlio thumb, which was 
in former tiinits entin'Iy neglected, is used as a 
pivot for fresh finger-groups, and connects them 
by passing under tii<*. otln'.r four fingers, or lotting 
them swing over it as it gently rtjsts on its key. 
We shall notice now that all scales consist of 
two such unitc?d finger-grou}>s, these two sufficing 
for each octave. 

Scale Fingering. Normal s(!ale fingering 
we have already learnt. All th(^ major scales 
with sharps are fingered like the scale of C, 
with the exception of those scab's that make use 
of all five black keys ; the latter are B, FJ and 
Cf. These “all- black ” keys use of only 
two white keys. The thumb is used twice in 
each octave — we must use it on the two white 
keys — and this settles for ns the position of the 
two finger-groups. The black keys arc groufK^d 
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in I I and | | |. Be prepared to u»e over them 
either two fingens or three, thus^ .! !j or f 

I’he flat soalcH in right hand are fingered with 
thumbs falling alvvay.s on the white C's and F‘s. 
In the left hand the lingering of flat scales is 
easy. Till you reach the all- black key they 
all begin with the middle finger, and turn the 
fourth linger over tin* thumb to the new Hat 
(the Hat just added for this partieular scale). 
The old-fashioned fingering of F left hand 
was 5 4 ,‘l 2 1 H 2 1, but it is now ])ermitted to 
finger this recjularlij—i.e., like the other Hat 
scales, thus : H 2 I 4 H 2 1 . 


The tonic minors of sharp scales are lu^g<‘rcd 
like the majors, with the following exceptions : 
In the right hand and ('J minor liarmonie 
and melodic ; in llu left liand A? minor mt'lodic 
and F7 minor harmouie and melodic. The fiug<‘r- 
ing of these is givtai beloa . 

General Principles of Scale Finger* 
ing. The only way really to grasp the 


general principles of scale fingering is to notice 
that (a) there are seven notes to the scale and 
that we have four available fingers, the fifth 
being used only at a terminal or at a returning 
point ; (6) that we cover the seven noU^s witli 
these two finger groups 12 3 4 12 3 — that the 

fourth is used only once in each ootave, except 
when used as a terminal Huger, thus : 



and (r) that the anangemoni of these finger- 
groups (the notes on which these two groups 
shall be phic(‘(J) depends primarily on our habit 
of using the thumh on (he ivories rather than on 
the ebonies, and arranging the “ turn over" of 
the Hngers over the thumb to occur to a black 
key. 

( ‘nnfin Hf/l 


IRREGULAR FINGERING OF MINOR SCALES -RIGHT HAND 




IRREGULAR FINGERING OF MINOR SCALES -LEFT HAND 
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By Professor J. R. AINSWORTH DAVIS 


the Ciirlier part of the Tertiary (soo 

G£OL()(Jy 1 oxtensivi* tracts of marshy ground 
covered considera ble areas in t he land -masses 
occupying the nortlicrn lieniisphere, and h(*i‘c 
dwelt a large nuinlxT of priinitiv(' mammals. 
th(‘ ancestors of forms winch are now mor(‘ 
highly specialised. These creatures w( re not of 
largo size, and they lived for the most part on 
vegetable matter, which they chewed up with 
their relativ'^cdy numerous (41 in all) and com* 
paratively simple teeth, the crowns of the 
lather small grinders being provided with 
crushing tuberedes. Then* were tive digits in 
each extremity, and locomotion w^as etTeeted in 
a plantijrade manmu' — i.e., »)n the palms of the 
hands and tlie soles of the feet. 

Adaptation of Mammals to Natural 
Surroundings. The swaiiif^s just described 
were to a large <‘xt('nt Hiif>erseded as time went 
o»i by extensiv(' plains, eov(‘red witli grass and 
other forms of \ (‘get at ion. Th(‘se alttavd con- 
ditions led to the evolution from the ])rimitive 
sw'amp -dwellers of IfooFici) ^^AlMMAl.s (f «- 
(j(data) and related forms, suit('d for com- 
paratively rapid progression on tlu’; plains, and 
adapted to feed on tlieir abundant v(‘getation. 
which was drier, and therefore more* ditti<‘ult 
to chew and dige^st than the sueeulent ])Ianls of 
the marshes and dainp forests. 

That the hoofed mammals should become 
more s])eedy than their ancestors is intelligible 
when we remember that the L^'lesb -eaters 
{< urnivota) la'gaii to (evolve from 4h(^ sam‘‘ 
stock at the same 1im«‘. 'Die struggh* b»r 
existence is, and lias always la'cn, so keen that 
no sources of food-supfily remain neglected, 
and w'hile some forms have turned their atten- 
tion to plants, otlu'r forms hav<^ preyed upon 
the ])lant -eaters. "I’he mt'chanisms eoueerned 
w'ith raj)id progression are dealt with lut(‘r. 
It wall he well to remember that booh'd mam- 
mals include ndd-toed forms (tapir, rhinoceros, 
horse), and erendoed forms (pig, hijipopotamus. 
ruminants), while elejihaiits ami sea-cows 
Constitute two related orihu’s. (InaAvers (/h>- 
dndia). Monkeys and Mmi {Priwatvs), sc)m.‘ 
Mammals Poor in Teeth (Pdenhda), and soiiu' 
Pouched Mammals (Marfan piafia) also demand 
attention. 

Txd- us take tirst the odd-toed hoofed mam- 
mals. 'Hie tapirs, wdiieb sujiertieialiy lesemble 
pigs, are a s(.)mewhat primitive weaning group, 
now' only found in the Malay r('gion and parts 
of South and (k*ntral America. They still 
largely adhere to the old sw'amp life, hut arc to 
some extent specialised, their snouts Ix'ing drawn 
out into a short proboscis, and their grinding 
teeth ridged, an improvement upon proj(*etiiig 
tuliercles. 

2 H 


The Horn’s Twofold Use. Tlu^ rbino- 
eeroses [233, pag(‘ 141)01 of Africa and South 
Asia, are a st('p in advance of the tapirs, their 
teeth being mor(‘ oi- less rc'diiei'd in number, 
and the crowns of the large grinders having 
a more eom])lex set of ridges, converting them 
into a very eflieient masticatory apparatus. 
One or Uvo horns in the, latter easc^ one 
ludiind th(^ other — are borm* on the snout, and 
are said to Ixi u.sed for grubbing up v(‘getabl(^ 
food. 'riveir large size, enormous stn'Hgth, 
formidable luu’iis, and thick skins, also nuider 
tlu'se creatures ])rac1iially immiimi from the 
atta<‘ks of tlu' tiesh-eaters. 

JTors('s, asses, zebras, and (piaggas are 
r('markabl(‘ for their speed (the ass must, not be 
judged in this ivspect from tlu' familiar molo' ’’) 
and gr('gaiious liahits, Avhi(‘h go far to protect 
llirni from ('ru'inic's. Tluar teeth shoAv increased 
eompli(‘ation, tlu^ grind('r.s possc'ssing (4abor- 
at('ly ridged eroAvns. and, being composed of 
three materials of dilh'rent (h'grees of havdiu^ss, 
always ko(‘ping rough a gieat ])oint w'Iumi 
somewhat dry vegetabk^ food has to lx* chewed, 
(’aniiu' tei'th are praeticjilly absc'ul, though 
often fe(‘bly re|>res('iited in the stallion, and tho 
frfmt teeth (incisors) nni provided with deep 
pits, which g(*t filU'd up with masticated food, 
ivsiilting in a black “ mark ' on tho ei’fjAvn, 
Avhieh is a practical guide to a-ge. 

The Large Family of Pigs. Consider 
now tho oven-to(xl hoofed mammals. Tho 
Avid<']y - distributed sw im* - r<‘|)n*sentetl in 
America by the peccaries — ar(*, in sonu^ 
respects, tho most piimitiv(^ UK'inbers of 
their ord('i-. a.s show’n by their foudiK'ss for 
marshy gioimd (('V(‘n the donu'stieated form 
“ walloAvs in tiu'. mire ")* their full numlx'r of 
teeth, and the tubercles on the crow'ns of tho 
grimh'i’s. Th(‘y a.r(^ of omnivorous hahits, 

'rh(* Avell-known hippopotamus f234| of Africa 
(tiuTo is also a small species in Liberia) is 
pra-tically a. hugi* pig. Avhieh sfx'nds most of 
its time in rivers, and is a \egelarian puni and 
simple. Ibrt its fhntition is sonu'wlial special- 
ised. 'I’he pig is familiarly associated with 
Ireland, as Ix'ing the “ gintleman that pays 
the rint, " and it is intert'sting to olrscu’vo that 
the ridges on a worm grind<*r of tin* hi])pop()tamus 
ai-e arranged in a sort of douhkeshamroek 
pattern. 

Chewing the Cud. Kuminanls {("nd- 
r/tfwrr.'i). a group of th(‘ (‘V(“n-t(>ed lioofed 
mammals, include dt'cr, ox(*u, slux'p, goats, 
antelopes, giraffes [2351 and camels, w'ith their 
allies. Rumination, or “ chewing the end,” i« 
a somewhat |K'(;uliar dig('stive pi’oeoss, Avhieh 
in effect means the powt r of swallowing a hasty 
meal, retiring to a plaer' of safety, and then 
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brining back the said meal in successivo 
portions (“ boluses ”) to the mouth, to bo 
carefully chewed, swallowed, and digested. 
This arrangement is associated with a compli- 
cated foiii -chainbercd stomach [242 1 (portions of 
which are familiar to eaU^rs of “ triix^ ”), 
consisting of (a) the paunch [rumen), [h) honey- 
comb stomach (reticulum), (c) manyplies 
sum), and (d) reed (abomasum). The food is 
first hastily cropped, without chewing, and 
passes into the paunch, from which it goes into 
the honeycomb stomaob. Here it is n\ado up 
into rounded boluses, and returned into tlie 
mouth. After careful chewing, it is once 
more swallowed, and now enters tlie manyplies, 
which has numerous leaf- like folds, and serves as 
a strainer. Thence it passes to tin* reed, wlierc^ 
it is subjected to the eheniieal action of ihe 
gastric juice, and ultimately jeaelies th<- in- 
testine, there to be further digested and 
absorbed. 

In all ruminants, except eanu'Is, and the re- 
lated llamas and alpacas of South America, 
the upper teeth (including Ibe eaniru's) have 
disappeared. In the ox, for example [243], tlie 
lower front teeth bite against a horny j)ad 
on the upper jaw, and it may be added that the 
grinders possess flat crowns with a fairly com- 
plex arraiigeinimt of lidges, making them 
efficient millstones. 

Distinctive Features of the Elephant. 

Elephants (Proboscirha) which inhabit Africa 
and South Asia are well defende<l herbivores, 
that arc in sonn* respects primitive in structure, 
though their teeth and trunk are remarkably' 
specialised [236]. There arc no front te(‘th, 
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except two up})er incisors, which are elon- 
gated into formidable tusks, servi(x*able as 
defensive weapons, and also employed tor 
grubbing up succulent roots. The huge and 
complicated grinders succeed one another from 
behind forwards, instead of from below fip- 
wards; as in other cases. In an adult animal, 
only four of them are in place at the same time. 
The crowns of these great teeth possess a series 
of lozenge -shaped ridges in the African elephant, 
and more numerous narrow transverse ridges 
in hU Indian cousin. 

Thi‘ trunk of an blephknt, which is no more 


than a nose drawn out into a .complex and 
delicate manipulatory organ, largely compen- 
sates for huge bulk and strong pillar-like legs, 
which serve simply as organs of support. By 
its means tree -branches on the one band, and 
herbage on the other, are easily secured as food. 

Sea-oows (tS’iVema) are related to the elephant 
order. The dugong and manatee, mentioned 
already in this course, an? probably to be re- 
garded as an ancient offshoot from tne ungulate 
stock, which have become adapted to a vege- 
tarian aqnatic life, have lost their hind limbs, 
and simj^lified their teeth. A gigantic toothless 
member of the order (Rhytina) formerly lived 
on the islands of the Behring Sea, and only 
became extinct, through the agency of man, 
in the ciglitecntli century. In certain fossil 
forms the remains of the hind limbs are better 
developed than in existing types. 

Specialised Teeth of Gnawers. The 
larg<^ order of Gnavceus (Rodenlia) consists 
of mostly small and comparatively simply 
organised mammals, found in nearly all parts 
of the world, though their headqftarters are in 
South America. Forms familiar in Britain are 
rabbit, bare, squirrel, vat, and mouse. Taking 
the rabbit 1 244] as a type, we shall find two 
chisel edg(*(l incisors above and below, no 
canines, and a number of ju’ismatic grinding- 
teeth with transversely ridged crowns. All of 
them grow ecmtinuously throughout life. The 
incisors remain sharp because they are thickly 
coated in front with relatively hard enamel, the 
rest of them being mostly made iij) of dentine 
or ivory, which is not so hard. Hence they w^car 
nnccjually, and maintain a sharp (‘dge. As the 
teeth are constantly growing, constant gnawing 
is necessary to keep them worn down, and if an 
unfortunate animal ha])i)ens to lose an incisor, 
th(‘. one which normally should bite against it 
grows to an inordinate length, and ultimately 
<*auscs tlK> death of its unfortunate possessor. 

Treesdwellers, Scpiirrels are interesting 
])ecausc they have l)e(ujme adapted to an 
arhoreal life. Their long bushy tails serve 
as balancing organs. The water-rat and its 
smaller relatives (voles) jmsseas comparatively 
coinpk'x grinding-teeth. Rats and mice arc 
distinguished ))y their omnivorous habits, and 
arc to be found in almost all parts of the 
Avorld. Of non- British members of the order, 
beavers, porcupines, capybaras, and chin- 
chillas may be mentioned. Beavers, as is 
well knowm, arc able to fell trees with their 
gnawing front teeth, and in this way arc able 
to con.struct dams across rivers, on the upper 
side of which they construct rounded “ lodges,” 
sunk beneath the surface and entered by an 
opening that has to be reached by diving. 

The ground porcupines of the Old World, and 
the climbing porcupines of the New, possess 
defensive quills w'hich serve as an effectual 
protection against most enemies, and are in 
reality modified hairs of largo size. The oapy- 
bara, a native of South America, is the largest 
existing rodent, being about as big as a medium- 
sized pig. Its molars are large and complicated, 
and It is of aquatic habit, little chinchillas 



ol the high Andes are noted for the soft fur 
which they yield. 

Motikeys. Arboreal forms an* ^[oNk^:vs 
(Primates), native to the warmer parts of b,,(li 
liemispheres, and of predominatingly vegetaria a 
habit, though some of them (and man) an* 
omnivorous. As eomnared with mon* typical 
mammals, the teeth are somewhat nalmVfl in 
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number (32 in all), and the crowns of the 
grinders arc tnls'rculatetl. In some of the leaf- 
ealingmonheys the stomach is of eomp!icatt*d 
nature, as this kind of food is rather diflienlt 
to digest. 

Matnmsiils Poor in TTeetH. An ancient 
ordc!- aie Mam:m \L s !»ooit in 'Pkktii (P'hninfa), 
now on th(‘ down gradt*. "PIk* sloths of 
Sontli AnK'iiea are ai’horeal h*af eating form>, 
which hang head downwards from tr<“c 
hranehes hy means of their h»ng hook-Iikc 
claws. Ill eom|)aaatively rt'cent geological 
tiuu's huge giouud-sloths lived in Soutli 
America, which wa'n* too big to climb tree>. 
but were strong enough to uproot them iu 
ord(*r to le('d u])on th(*ir foliage. 

In the primitive oid(‘r of I\»r( iiico .Mam- 
MATS (Marsupialia) there is not a regulai 
siieeession of two sets (4' teeth, as in highci 
inammals, and only the tirst grinder appear^ 
to Jinve a n'gnlar snee(*ssor. 'Plu* arboreal 
o|)ossums of America are omiiivoious, and a 
number of the Australian memlx'rs of tbeoixh r 
are pronounced v(*g(‘tarians. 1'h<* s}uinginu 
kanmiroos [240, ])agc 1493 1 and their allic.'. 
browse upon gras.ses aud herbs; the wombat> 
bnrrow% and gnaw' roots by means of their 
rodciit-like incisors; tree -kangaroos and phal- 
angers arc arboreal, ami the latter live largely 
upon fruit. The littk* mouse phalaiigers po.'^.se.v- 
long, slender temgues, which they insert into 
flow’ers to .secure nectar, and probably small 
insects as well. 

Carnivorous Mammals. There are five 
orders, all or mo.st of the members of whieli 
live upon animal food — f.e., lnscet-eater> 
(Insectivora), Bats {('hirofjtera). Whales and 
Poi*poise.s (Cetacea), Flesh -caters (Canu'vorn), 
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and Egg-laying AlammaJs (Monotroywta). 
(\nrmvorouH forms are also to bo found among 
tl'.e Alammals Poor in Teeth (Edentata)^ and 
the Pouched Mammals (Marsupialia), 

Insect«eaters. Some of the small noe- 
liirn.al animals which make up the order of 
Inskct-fatkrs are to he found in almost all 
parts of the world except South .America and 
Australia. 'Phey may be said to play much 
tlie same pari in regard to tin* minor varieties 
of animal food that gnaw'ers do with refeivne<‘ 
to veg('tahl(‘ food, and, lilo* them, are d; 
''imple organisation. 

Pile familiar Europi'an Uedgi'hog {Prinacc ti < 
curt) pirns) is a good lypt* of a group of the order 
which is pretty common in the Old World, and 
h.is alli<‘sin tin* West Indies [231]. In aceonlanee 
with the natnr^^ of its food, which mostly eon- 
."ists of worms, snails, insects, and other small 
creatures, the let'th of the hedgehog are sharply 
pointi'd, thos(‘ at the bai^k having tlu‘ir crowns 
provided with small cutting projections. vSueh 
teeth an* (nuint'iilly suitable for dealing w ith the 
small animals named, as well as with snakes and 
»>ther r(‘ptil('s, frogs, and even mice, none of 
whi< fi are (h'spisc'd as artiek's of diet. 

Tin* nanu* hedgi'hog ” has h(*(‘n suggested 
hv the shape of the snout', which is something 
hk<* that of th(' ])ig, and list'd iu miieli the same 
w ay for griihhirig in the ground. 

The Smallest Mammal. Shrews are 
very small, mouse like ercatuies, having a 
very w idt* distribution. 'Phere are three 
>p«‘eies native to Britain, two of wdiieh are our 
small«‘st mammals, while the group is notalilo 
lor the tael that some of its nu'iubt'rs arc more 
diiuinutivt' than any (‘.xisting mammals what- 
soever. A body l('ss than an inch and a lialf 
in k'uuth. plus an inch-long tail, is about th<‘ 
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ret tad. The teeth t)f a shrew' are much likt' 
tliost* of a hedgehog, but its snout is numh more 
sleiult*!*. Jumping shrt'w s, litth* desert animals, 
art' native to Africa, and art* atlapted for 
springing, their hind legs being much elongaletl. 

W'Jiile the insect -eaU'rs so far named hunt for 
their food on the ground (except water-shrews), 
there are tree-shrews that are arboreal.. In 
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appearance they somewhat resemble squirrels* 
and are native to S.E. Asia. 

Among aquatic insect-eaters, the desmans 
inhabit some of the rivers of the Old World — c.y., 
th^ Volga, and are larger than the average of 
their kind. The snout is drawn out into a short 
proboscis, well adapted for searching out food 
in the crannies of river banks. In West Africa, 
an animal {Potamogale) has been found in some 
of the rivers winch might easily be mistaken for 
a small otter, but is really a member of the 
resent order. The resemblance has been 
rought about by adaptation to a similar mode 
of life. 

A Hungry Underground Hunter. 

The well-known Mole (Talpa Earop(va) is 
beautifully specialised fdr the pursuit of earth- 
worms and other small animals underground, 
and is one of the hungriest and most untiring of 
hunters, far excelling lions and tigers in these 
respects. It belongs to a group wliich is charac- 
teristic of the north temperate zone, and has 
allies (golden moles) in Africa. 

The members of the ancient, and almost, 
ubiquitous order of inscctivora liave become 
adapted to the pursuit of small f)rey on the 
ground, in fresh water, among trc(‘s, and in the 
earth. The closely related Hats (Chiropfera) 
have acquired the power of tlight, and wage 
incessant warfare in the air against sueli 
members of (he insect tribe as eomo out at 
dusk [232], . That part of the flying membrane 
which stretches between the hind limbs and 
tail can bo turned forwards and used as a kind 
of Bweop-net, which proves very efiective. Hats 
are found all over the world. 

There can be no doubt that Wiiales and 
Porpoises (Cetacea) have descended from 
terrestrial ancestors, but tboir exact lino of 
descent is some- 
what doubtful. 

Some members 
of tho order 
possess numerous 
sharp simple 
teeth, which arc 
cninently suit- 
able for seizing 
and holding 
slippery fishes 
and cuttle-fishes. 

The common 
porpoise (Pho- 
cmna communis) 
is one of the 
most familiar forms ; indeed, loo familiar, for 
it is a groat enemy of the fisherman, not only 
on account of its nj)p tite, but because it 
damages his nets and frightens away his 
lawful booty. 

The huge sperm whale, or Cachalot (Physeter), 
is an example of a toothed eotaecan on a large 
scale. 

The Source of Whalebone. The whale- 
bone whales, which include the monsters of 
the ordcir — up to 85 feet — have no functional 
ieeth» though in very early life these are to l>e 


found embedded in the gums, which, however, 
they never cut. The most noteworthy pecu- 
liarity of these forms, as seen familiarly in tho 
Greenland whale (Baloena mysticeius), consists 
in the presence of numerous pairs of homy 
lates (haken), frayed out at the edges, which 
ang down from the roof of the mouth [246]. 
The so-called “ whalebone *’ is derived from 
them. The whales of this group feed upon the 
small animals wdiich float in enormous numbers 
at or near tlie surface of the sea. making up 
what is technically called “ plankton.” Moving 
along at some spc(‘d, the whale takes in large 
quantities of sea-wate.r, which is strained through 
the baleim, leaving behind in the mouth the 
numerous small creatiire.s it contains. The 
danger of choking during this process of feeding 
is obviated by the fact that the top of the wind- 
])ipc is drawn out into a cone, which fits into the 
back of (lie nasal passages in suob a way that 
no water can jmssibly find its way into the 
lungs. 

Flesti-kai'ers (Caruirora) are descended 
from the same' ancient swamp-dwelling stock 
as hoofed mammals, but claws have been 
evolved instead of hoofs, and the teeth are 
more or less suited to flesh-eating. Seals, 
sea lions, and walruses, have become adapted 
lo an aquatics lif(‘. 

Hears (Vrsidw), w’itb the exception of the 
Polar hoixv (Vrsus maritimus). arc of omnivorous 
habit [238], and f hough the canine teeth aro in the 
form of prominent tusks, (he hack grinders have 
blunt crowns, suitable for dealing with a miscel- 
laneous diet. These creature's exldbit tho primi- 
tive character of being plantigrade. 

1'he remaining land carnivores are typically 
digiti grade — ?.e., they walk on the ends of tho 
fingers and toes, and (heir back teeth are mostly 
compressed, snd })osscss cutting crowns. 

The omnivorous badger (.l/<7a.y fa and its 
immediate allies arc the least speoialisod mem- 
bers of tlic group, and in many respects resemble 
boars in strueture. Hut weasels, stoats, sables, 
martens, and the like, arc eminently carnivorous 
and bloodthirsty. None of them are of any 
great siz and tlie narrow% short- legged body is 
W(‘ll suit 'd for pimetrating undergrowth. Some 
are arboreal, and the weasel makes its way 
underground to attack burrowing mammals, 
such as moles and field-voles. Tho otter 
(Lufra lutlgnri.'i) is a predaceous aquatic member 
of the group, with sharp-pointed teeth, adapted 
for seizing fish. In the rare sea-otter (Enhydris) 
of (.h(‘ North Pacific the hack teeth have blunt 
crowns, in accordance with the diet, which 
consists mainly of sea-urchins, crabs, and shell- 
fish, all of which need to be crushed. 

The small animals of the Raccoon and 
Coat i Family (P/or are nearly all Ameri- 

can, and the best-known forms are the racsoon 
(Proryon) and the coati (Nama). The former 
lives a good deal among trees, but also hunts 
for prey in brooks. It is remarkable for the 
curious habit of washing its food. The long- 
snouted coati is largely arboreal, and hunts 
down tree-lizards, but it also frequently descends 
to the ground for the purpose of grubbing 
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up worms and other small creatures with its 
snout. 

The Dog Family. 1’he members of the 
Dog and Wolf Family (Cmiifhp). incliKling 
jackals and foxes, are very widely distributed, 
there even being a sort of dog— the dingo — 
in ' Australia. 'PhoHe e natures an* more 
specialised than boars, but less so than tlw* 
cats and their allic's. Wolves and wild dous 
hunt in packs, and traek tlieir quariy by smell. 

The family of Civet'eats and Mongooses 
(Vimrridw) ineludes a large number of small 
animats, which arc well adaf)t<‘(l to a ear- 
nivorous life, hut not so highly speeialisefl as 
the eats proper. 'Plic eiv(^t-<‘ats {I'mm/) an- 
nearly all ground animals, mostly from South 
Asia, but also represented in .Africa, to which 
continent their relative's, the genets [(irndtfi). 
are almost entirely eoiitiiK'd. TIu- Indian palm- 
civets {Paradox. live- in tn-es, and i\ot only 
prey upon various small animals, but also e-al 
fruit to some extent. The mungoose-s (//rr- 
p<?.s*/o.s) are small African anil South Asiatic 
animals, somewhat resembling stoutly-built 
weasels, and remarkable for their i.vfremi- 
agility, which enables them to cojk' sueeessfully 
with poisonous snaki-s. 

'Phe. comparatively ho'go [[v.-enas (////k 
closely related to (he eivx-i-eats. i-te., feed mostly 
upon carrion. I'lii^ striped hvicna {fh/(rna. 
.striata) of Asia and .\friea, and the sj)otled 
liyicna of South .\friea {('r<n'uta mandata), 
have immensely pow.M'ful jaws and teeth, with 
wliieh thi-y <‘.a.n easily erunel^ U|) hont-s. 'Phe 
aardwolf (/Vob7i,v) of South Africa is a. kind 
of degenerate hyama, witli reduced nnil com- 
])aratively feeble back teetli. It burrows 
underground, and devours termit(‘s (\shit<‘ ants) 
as well as carrion. 

The Cat Family. 'Pin- Cat Tamily 
ineludes tlie beasts of prey }.ar exevU arr, such 
as the lion 1237|, tiger, l('opai(l, and elu-etali 
of the Old World, and tlu* puma and jaguar 
of tlie New. 'I'he domestic and other ” eat> ’ 
also belong here. Examination of the skull 
of a lion will show some of the speeialisati»»ns 
that exist in eouneetion with the earnivorous 
habit. The jaws an* of enormous slri-ngth, 
and the prominent ridge-s on tin- skull an- partly 
for the attachment of muscK-s that work tin- 
lower jaw U]) and down. The e.anine teeth 
are cxeocdingly powerful tusks, used in s(‘izing 


pny, while the crowns of the back teeth are 
cutting blades of groat ef!icion(^y. 

As is familiarly known, the claws of eat-like 
animals are employed against their victims with 
deadly effect, and when not in use are drawn 
back into sheaths, and thus prevented from 
becoming blunt. They an? sharpened by being 
rubbed against tri'es. Sight and hearing are 
v'ery acute in members of the group, all of 
which stalk their prey, finally securing it by a 
suddi-n rush or sjiring. 

Of the three families belonging to tlie sub- 
division of Aipjutii* Car^iivoriis {Plnnipvdia). one 
ineludes tin* walrus {Trich(rhu.s), which lias 
enormous tusk like uppi-r canines, and grindeiv 
with blunt crowns. 'Pbe former are used foi 
grubbing U]) sbelllisb as tbod from the sea- 
bottom, and the latter for erusbing them. Tlu? 
sea-lions and seals, whieli make up the two 
other farniliis, are lish-iatirs, and the crowns 
of their back teitli are lab rally llattened and 
sharply pt>inted. In all these .Kjuativ* foniiH 
thi- limbs ar(- in the f»>nn of paddles. 

Among ICoo-LAYiNo Mammals {Monotn niaia) 
till- spiny ant-(‘at('r {Kchidna) and dnek-b’dled 
platypus {Oraithorlijpichns) an- ImjIIi carnivorous. 
'Pile former [239, pagi? 1493] possesses a narrow, 
(ootbli'ss snout, and its long, sticky tongue 
s(‘eures insect pn-v'. 'Phe duek-l/illed [)latvt>us 
1241. pag(‘ 1 194 1 lives in stivam.^, feeding 
largely on wat<*r-snails, whieli it is able to 
crush by means of horny plati-s in its jaws. 

M\m.mals I\)or in TLurii {Pdniiata) inelude 
the gri-al ant-eater ( .l/y/ anr.>y>//ay<»), adapted to 
feeding on insects, much in the sanu? w'ay as the 
spiny ant-eater. With its emirmous elaavs it is 
able to ti'ar open ant-liills in pursuit of its prey. 
'Pbc Cape ant-eater, or aai ilvai k {Onf'-h rop}t.s) 
of South Afi'iea (wliieh posse sses back ti'ctli), and 
the scaly pangolins {Mani.s) of Africa and South 
.\sia, an* hotli sfx'ciali.si d in a similar fasliiein. 

Aiiioiig the Australian memliers of the 
Pm riiLO Mvmmals {Mur-ondatia) order wv; liiul 
earnivorous forms wliieh superlieially ri-si mhlc 
spieies belonging to various other orders, tlie 
H'si miilanec- ha ving been brought alioiit by 
adajilation to similar modes of life. Sueli ;ne 
the iiativi- “wolf " {Tht/fariaas) of 'Pasmaiiia, 

till- dasynres (resembling eivi'l -eats), tlie banded 
ant-eater { M ffratt vohins) (wliieh, liow(‘\er, peis- 
ses.ses unusually iiunu'rous teidli), and the 
pouclied mole { Xoforprp .s). 


Caalin icd 
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LATIN ^ By Gerald K. Hibbert, M.A. 


LATIN VERSE 

IN the first lesson it was mentioned that 
Some syllables were short and otlu'rs long — 
e,g.^ monsa (noni.), mensa (abl.). Thesi' syllables 
are said to difTcr in quantity. Wo have now to 
eonsidei* prosody, that ])art of grammar which 
deals with the quantity of syllabh‘S and the laws 
of metre. 

I. QUANTITY OF SYLLABLES 

(leneral rules of quantity : 

1. Every di])h thong and oontraeted syllable 
is long : Mnmi\ C'ujo {co-ago). 

2. A vowel coming imnutdiately before 
tonother vowel is short : Phis, prohibe (h is not 
t^aken into account in j)roaody, being regarded as 
a breathing only). There are some exceptions — 
.‘PJn^as, di i, Pomp'i, fio (but peri). 

3. Any vowel followed by two or more con- 
sonants, or followed in the same word by /, 
or becomes long by position — ad'stis, axis. 

Note. The two consonants need not be in 
the same word. 'I'lius, in ja<:~t corpus the e is 
long by position before / and c, though had the 
second word begun with a vowel, the linal 
syllable of jacet would have been short. 

4 . A vow(*l followed by a mute consonant 
with a liquid after it is doubtful— e.j/., either 
lug fibre or higuhre. But gn always makes a long 
syllable, as ignis, frgnus. 

On the Quantity of Final Syllables. 

1. Most words of one syllabh* are long, as in', vis. 
Exceptions : Words ending in /, b, d, t, as V' I, sub^ 
id, it. Also f s and its eoiupounds, ad'^s ; gio', 
W" (enclitic — i.e., joined to a word — as 
amasn<^ - dost thou love ; but iv' — lest, is 
long) ; n r, an, hi, p r, t r, ebr, b.s (ossis), far, 
and fir (imperatives of lado and fero), bis, hv, 
vis, (juls. 

2. Words ('nding in a are long — contra, 
frustr<i,aw'l. Exceptions; Accusative and nomi- 
native cases, and ita and quia. (All ablatives 
in a are long.) 

8. f final is short — reg', regitP, ferre. Excep- 
tions : Cases of 1st and fith declensions, a.s di', 
OybeP ; imperative sing, of 2 ik 1 conjugation, as 
mon'^ : guarf, hodi', and adverbs derived from 
adjectives, as dign~. 

4 . i final is long — abl, plcbi. Exceptions; 
Sicuhl, necuhl, nisi, quasi ; also Greek vocatives 
and datives, as (Jhlorl. But viihif tibi, sibi, 
nbi, ihi, are doubtful. 

5. o final is long — virgd, amO, dmninb. Excep- 
tions : Citd, nwdd, egb, dub, ocib, scib, nescib. 

6. u final is lohg— diii^ recta, 

t. final is short — chely, Tiphy, 


8. Words ending in c have their lost syllable 
long {illfic), except don^c. 

9. Words ending in /, d, t have their last 
syllable short — anim V, illfid, jac t. 

10. n final is short — noin n. Exceptions ; 
Many Greek words— -//ym n, Ammln. 

11. r final is short — ralr lr, amatur. Excep- 
tions ; Many tlreck words rrat -r, a~r. 

12. Words ending in as are long — mensls, 
am is. Except anas _ duck, and Greek cases 
of .‘Ird declension, as /a 

13. Words <‘nding in cs are long — sed~s, 
amarfs. Exceptions : Ptn's ; a few nouns like 
seg's, merg s, and Greek plurals like Troad s. 

14. Final is is short - rcfis, simills. Excep- 
tions ; Dat. and abl. plural, mensls; 2nd sing, 
pres, indie, of 4tb conjugation, audls ; compounds 
of VIS and sis, mal's, noVs, vel 's, grabs, jorls. 

15. Final os is long — dominos, sarerdbs. Ex- 
cc])tions ; A ftov Greek words, as epls, 

16. Final us is short— amamfis. Ex- 
ceptions : 4tb declousioii contracted eases, 
gradils (gcu. sing., nom. voc. ace. pi.) ; words 
whose genitive* increase's and has the last syllable 
but one le)ng, as tellus, incus, jnventds, virlfia. 

17. ys final is short — chclys. 

Ne)TE. Bemcmbcr that .all naturally short 
final syllables arc liable te) become long by 
jiosition ; sea* above. Buie 3 under general rules 
of quantity. 'J'hus. the us of opus would become 
long if the word fedlowing began with a conso- 
nant, because the u Avould then precede two 
consemaiits. 

11. LAWS OF METRE 

Each of the following combiYiations of syl- 
lables is eaallcd a Foot : 

A lemg syllable following a short one (''’*) forms 
a foot eailled the Iambus (“satirical,” because first 
used in satire). 

A short syllable following a long one (““ ) forms 
a foot called the Trochee (“running” or “trip* 
”)• 

Two long syllables form a Spondee (so 
called because much used in the solemn hymns 
sung at a Spond' or drink-offering). 

A long syllable and two short ones ( ) form 

a Dactyl (“a finger,” from its resemblance to the 
joints of the linger). 

Three short syllables ( ) form a Tribrach. 

Two short syllables and a long one 
form an Anapeest (“ reversed,” because it is a 
dactyl reversed). 

Scansion. Scansion is the art of counting and 
measuring the feet in a line or verso ; when we 
mark off a verse into the feet which compose it 
we are said to scan it (lit. “ to climb ” it). 
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Wlien a word ending in a vowel is followt'd 
by a word beginning with a voweK the tirst 
vowel is dropped, or elided. This is called 
Elision or Synalepha (“melting together”) — 
e.gr., qni adverso would ))e scanned gwld'rt rsrt, 
the down-stroke marking the end of a foot. 

\Vlien a word ends in -?// preceded by a. vowel, 
and the follow'ing word )>egins with a vovvt k 
tho vowel and -m in the first word an*, dropped. 
This is called (pimit^nn. cst in 

rebus innne would l>e seaimed qnOnt'tst In 
Tebits hvoni' ; and fvbnn har would be scanned 
tvVarc rs(‘(‘ translation of *’ 'I'lie Lo.st header ’ 
further on]. 

Metres, '(’be two (■omnumest nu'tres in 
Latin are (1) Tfexaim‘t<*r. in wliieli t'acb line 
consists of six feet, and (*2) Elegiac, in which a. 
ITexanieter line and a IVntameter (live hcl) 
alternale. All Virgirs works anj written in 
tho former, while Ovid. Tibullus, and Ihoperl ins 
aro tho eluef Eh'giac poets. The only tVet 
used in these metre.s arc Spondee and l>ac(yl. 

1. Hexameter. The lir.st four feet iuay 
bo Dactyls or Sp(»nde(‘s ; the filth mu.sf b(} 
a Dactyl : flic sixth a Spoiuleo. 'riuis the 
seb(*mc is : 

j. '1. 4. ‘h 

„ O O I O U ' I ' . o O I O 1.1 I . 

E.xamples; 

QuadnijU'Idanto put irin !s<»ni Ui (jUalit | ungula ' 

eampum 

Anna vnunifpi* ea nh , 'I’rojio (pii | ]»ii!nus ab| 

bits. 

A break in tin- wortl.'^, railed (.'o-.sc/y/, is n.*>nally 
mado afl( L’ tb ■ lii st syllable of the third foot ; 
that i.**, a word usually rnds with that syllable. 
T 1 i (3 ( '.Tsura is marked IfV tho double line i’. 
This is ealhal a stu>ng (a'sura, but if the. break 
occurs after 1hi‘ second .syllal/le of a Dactyl 
(as Non vmnis Cu bust ) jo r’nit /to mi /////| 

rlcTiP), it is calle<l a weak t'.eMira. 

A Hcxamet(‘r tmist rnd (‘itlns’ with a word of 
two syllables /»r of three, as “ niyrica*.” If 
juiisl n/d end with two di.ssyl! il/les, nor .should 
tli('re Ik; an (‘li'-ion lietwecii tlu^ lifth and sixth 
feet. 

2. Pentameter. Thi.s line eon.^ists of two 
parts, called iVutlnnnimers : the first Ecntlie- 
niimer contains lw<.» feet (Dactyls or Sj)ond<a s) 
and a long .syllable. Tlu' .see/aid also contains 
two feet — wbicli, bow'over. inii-^t Ik* Dactyls - 
and li long .syllable. 

1 . 2. :h t. 

~.oo|_uul II I I 

It thus consists of two halves of ’2\ feet each. 

Examples. 

Tu eftin.s venias' port ns et ara tiiis. 

Luer,tesque sen'ex j Teleiiiae hus(|ue puer 

This verse is never used alone, but always 
follows a Hexameliu* in Elegiac verse, Hexa- 
meter and Pentamet(*r alternating. 

A Pentameter must always end w itli a word 


of two .syllable.s, though .sometimes es or esl 
closes a lino, tho preceding vowel or m being 
out o/T. Tin; preceding word must tlum bo a 
dissyllable, as ftiK7n esf. Tlie last word of a 
Peiitam(‘ter must bo a .substantive or a verb, ' 
or some e/isc of w?r?/.y, (////.y, .y////.v. 

How to make Latin Verses. Having 
learnt the above rules of Pro.sody well, and being 
able to .scan venses, the pupil will now' be able 
to praclise turning English poetry into Latin 
vers(‘. Th(' quantity of all doubtful syllables 
is marked in all good dictionaries (r.//., siigitta), 
but the pupil must dolerinine the qimntity of tho 
others l/y his pro.sody — c.g., tlu; linal // of sagitta 
will ))(! long or .short according to whether it 
ablative' or nominal iv(‘. A great deal (»f twdsting 
and con I riving w ill bo lU'/ cssary at tirst, but 
gradually it will ))i'como ea.sier to make the 
verses, and oft(*ii at lirst sight it will l)e evident 
liow' the lint' can bo inadt; to run nicely. Ad- 
jectives and other epithets may lx; freoly 
inserted if nc«‘df\d, aiul o//c line /)f English 
]) 0 (*lrv ni*(‘tl not bo «‘xpn*s.sed by one lint; of 
Latin vi'r.sc. 

The follow'ing rendering of Brow ning s “ Tho 
Lo.Ht Leader,” by the late Sir Hicbartl .It'bb, is a 
splendid exam()l(' of versification ; eart'fid study 
tif the.se. lines will go far to .show tlu; pu})il tlio 
n(‘c(*.s.sarv eliangt'S to make in the English before 
it can Ik; put into Latin verse. 

‘•rilE LOST LEADER.” 

Just for a. handful of siKc'r be lell u.s ; 

Just for a riband to stiek in bis eoat-- 
Eound the one gift of vvliieh forinne bert'ffc us, 
Lo.-'t all the otlu'i's she. lets tis devote. 

They, with the gold to give, doled liim out silver. 
So much was theirs who so little allowed. 

Tfow all oiir eopp/'r had gom; for lii.s .service ! 
Rags were tlu'y pniq/k'. his liearfc liad been 
proud ! 

Wo lhat bad lo\'c(l hi/n so, followYil liiu), 
honoured liini, 

Li\(‘d in bi.s mild and inagnlfic/'nl. c_\t*, 
Learned bis great language, eaiiglit bi.s clear 
acecnl". 

.Madi* him our patlcrn to livi* /ind to die ! 
Shake.speaiY* ua.s of ns, ..Milton was for us, 
Ihiriis. Slu'lley, were, with us tluy w'ateh fiom 
their graves ! 

He alone Im'aks from the van and the frcemi'n, 
Ib; alom* sinks to lla* rear and tlu* slaves! 

\Ve shall inareli prospering, not thro’ hiS 
])r('scnce ; 

Soiig.s may inspirit u-^, - not from bis lyre ; 
Deeds will Ik* done, -while, be boasts his 
(pjie.sei'nee. 

Still bidding eroiu’b whom the r( >t bade aspire. 
l5Jot out bis name, then— record one lost soul 
more, 

Dne. task more d<elin<*d. oiu' moio footpath 
untrod. 

One more triumph lor d/'vils, and sorrow' for 
angels. 

One wrong more to man. one more insult to 
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Life’s night begins ; let him never come back 
to ns ! 

There will U*. doubt, hesitation, and pain. 
Forced jDraisc on our part — the glimmer of 
twilight. 

Never glad, confident morning again ! 

Be^t fight on well, for we taiiglit him, — strike 
gallantly. 

Aim at our licart ore wo pioroe' through his 
own ; 

Then let him receive the new knowledge and 
wait us. 

Pardoned in Heaven, the lirst by the throne ! 

TN LATIN ELKGTACS 

(By permission of iho lalo Sir Rif.liiud •!< l)h and 
tJoor^o B<‘ll A Sons.) 

Plus ut opum minimo, elavus si hi latior es.set, 
su.stinuit noster deseruisse suos. 

Hoc modo quod nobis Forliina negarat adeptus 
perdidit, ah, qiiioquid nos dare fata sinunt. 
Quis aurum fuit, argent i jicndere ]nisillum : 

tantula do 1 antis censibus ille tulit. 

Hune tenui nostrum quis non adjuverat ;ere ? 

nost ra viro sordent : miiiK'ra regis avet. 
Hunc amor, obsequiuin, rt'vereiitia nostra 
cole bat : 

hujus erat nobis vull us ut alma <lies : 

‘‘ Hie Jove digna loqnens, hie veri,” dixinnis, 
“ auetor 

dux niihi vivendi, dux morientis erit." 

Cun 

I ENGLISH 

HISTORY OF THE ENGLISH 
LANGUAGE 

The history of th<' English tingnage is to all 
intents ami purposes I he liistory of the 
English people. As we trace th(i growth of the 
language, we trace at the same time the growth 
of the nation. Words are fossilised history. TIu‘y 
speak to us of waves of conquest, of eras of 
strife, of the gradual victory of the arts of 
peace over the arts of w'ar ; they tell us of the 
hopes and fears, the expectations and dis- 
appointments, the laws, customs, dre.ss and 
manners of those who have gone before us. A 
language should be regardi'd Avith rcv(*i ence : 
it is too precious to he trilled Avith or debascMl. 
Everyone Avho debases the meaning of a Avord 
is as much an enemy to his country as the 
utterer of false coin. 

Certainly we Avho speak the English tongue 
have a language of Avhieh Ave may be jiroud. 
It is rich in associations, and a veri table store- 
liouse of Avonders. It deserves and repays 
careful study. 

Up to about the year 450 a.d. our islands Avere 
inhabited by different Keltic races, speaking 
various dialects of the Keltic group of languages. 
These races were closely allied to the inhabitants 
of Gaul (as France Avas then called), and spoke 
practically the same tongue. About the begin* 
ning ot the Cliristian Era both Britain and 
Gaul were conquered and overrun by the 
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Mens fuit hoec Enni, fuit haec saplentia N«vi ; 

VOS piget hseo damnum, Calve, CatuUe, pati. 
Deserit hie solus nos libera signa sequentes : 

servorum partes transfuga solus adit. ^ 

, Ferre manct nobis— non hoc tamen auspice — 
palmam ; 

carminibus, sed non hoc modulante, frui ; 
Bella gcrent alii, lajtabitur ille quicscens ; 

surgere (pi os voluit fama, jacere volet 
Hoe quoque do fastis lacrimandum tollitc nomen: 

alta miser viclit, noluit alta sequi. 

Hunc quoque gaudehunt Furiie, plora bit Olympus 
jus hc3minura summi fas violassc Dei. 
Pergimiis in tmebras : ne nos petal ille reversus, 
ad dubios n^fcTons solUcitosque pedem. 

Quo v’aleat laudes alien is dicere malis V 

lumen ami('itiap, (piod fuit, umbra premit. 
More forox nostro telum ha^e in peetora A’^ertat, 
tela reccptunis pectore nostra suo : 

Turn morions nobis prior immortal ia discat, 
primus in a'tenio .stans sine labe ehoro. 

Note. In the above metre, AA^iieh is by far 
the most common in Latin, the only feet used 
nre Spon(l(‘es and Dactyls. The other feet 
(Iambus, Tribrach, Anapaest, Trochee) arc found 
in the rarer metres Iambic Trimeter or Senarius, 
and Iambic Dimeter: the Sapphic Stanza and 
the Alcaic Stanza. Moflt4s of the Sapphic and 
.Vleaic Stanzas are found in the Odes of Horace 
|s(^e any good edition of Horace's Od(‘s, such 
as Pager’s]. 

l/tflffJ 

By Gerald K, Hibbe rt» M.A> | 

Romans, but Avith strikingly different results as 
far as languagi* avms eon(tern(‘d. The conquered 
tJauls adopted lh(‘ Latin language, Avhile Latin 
made sifigubirly little impression on the Kelts 
of Britain, avIio largely retained their own 
dialects. The Latin language Avas destined, 
l)Owe\a‘r, to have its levtuige ; for the Franks 
and Normans, who subsequently occupied 
France, adopted the Language of that country, 
and Avtu-e instrumental in introducing it (in an 
altered form, of course) into Britain about ll\e 
time of the Norman (Conquest, 106(5 a.d. 

Keltic Words. Among the earliest 
elements in our languag(\ therefore, are the 
old Kellie AA^o.’*ds that ha\^o siirviA’ed in the 
.struggle for existence and liave come down to 
us through tAvo thousand yi'ars and more. 
These arc not many, for the language of the 
Britons was completely displaced by that of 
their 8axon conquerors. 

The Keltic words consist chiefly of geographi- 
cal names — Devon, Dorse), Kent, Exe; Avon, 
Ouse, and Usk (all thr(H' meaning Avator), Trent, 
Dee. Don, Severn. Wight. Bute, Pen (as in Pen- 
rith). Also, as avc should expect, Avords dealing 
Avith household matters, names of implements 
used by serfs, etc. — as : barrow, tnattock, mop, 
cudgel, clout, darn, crock, kiln, gruel ; and 
indirotjtlv (through the Norman-French) words 
like flaaic^, basket, wicket, bran, gown. One of 
the Keltic dialects is still spoken in Wales. 
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Early Latin Words. The Romans left, 
singularly few words as the result of Iheir 400 or 
1500 years* occupation of thes'j islands. The 
l>atin caMra (“a camp *’) is found in plenty of 
place-names— as: Che4er^ DorrheMer, (ihmr enter, 
Cirencester ; stratum is found in n‘reci, Sfiatjard ; 
colonia in LinccAn ; and jo^sa (“a ditch ' ) in 
Fossbury. 

The "Coming of the Anglo-Saxons. 

Not long after the departure of the l^omans 
from this country, fresh coiuiucrorK descended 
on its defenceless sho’^es. Fnun about loO to 
550 A.D. a constant succession of Jutes, Saxons, 
and Angles streani(‘d over from the l(»\vlaiid 
region in north-west (Germany. (Vmtjuering 
the Keltic inhabitants, they drove them steadily 
northward and westward into the* lowlands of 
Scotland, and into Cumberland, Westmorland, 
Wales, and Cornwall. Tlies.^ tribes w(‘re of dVu- 
tonie stock. As their area of coiKpiest extended, 
their language naturally hc'caino more and 
more prevalent, until in cour.se of time* (long 
before the Norman Conquest) it was sj^oken 
from the Firth of Forth to the Rnglisli (liannel. 
t)iit of the union of the? dialect.s spok(‘n by these 
tribes, the Fnglish language s])rang. Anglo- 
Saxon is thus the backbone of our imxh^rn 
Fnglish. We shall trace tlui develoj)m(“nt of 
this particular clement a little later on ,* imviu- 
while, not to lose the thread of our liistorieal 
sketch, we pas.s on to the m‘X( great t‘V(‘iit 
influencing alike our nation and our language. 

Second Latin Influx. The introduction 
of Christianity brought into tlie language many 
Latin words of an ecclesiastical natun*. W*e 
may call it the peuiod of the second invasion 
by the Latin language. Words thus introduced 
are mostly the names of Church dignilari(‘s. 
ceremonies, and the like. Th<‘y came eitlur 
directly from the Latin, or indirectly through 
Latin from the Croi^k. Exainph s of tin* latter 
are hishnp, presbyter^ baptism, curharisf, church. 
nKMastenj, monk, and clergy. 

The Scandinavian Element. Mean- 
while, during all thesL* centuries, the Norsemen 
and Danes w-ere conslautly landing on onr 
shores, in more or less successful attempts at 
conquest. Tliese were men of Seandinavia’i 
race, whos'^ language was of the .sam<' group u.s 
English (T(*utonie). Owing to their s *11 lenient 
here, w^e have many of their words in onr language 
to-day. A number of plaee-iiain<’s in the north 
and east of England are Seandinavinn — c.g., 
Grimsby, Whitby {by town) ; Furness, Skt^g- 
ness [ness — lieadland) ; Troutlieck, ^Vell>eek 
{beck brook) ; Orkney* {cy - island) ; Aira 
Force, Scale Force {force waterfall) : d'lioype, 
Grimsthorpo {thorp = village) ; Dingnvall, Tliing- 
wall {thing or ding — place of meeting) ; ]..ang- 
with {with ~ wood) ; Lowestoft {toft - small lield). 

The Norman Conquest. The Nor- 
mans introduced their language (a corrupted 
form of Latin) when they introduced them- 
selves. 'ITits is the third, and ])prha})s the 
most important, invasion by tlio Tallin longue. 
Norman-French became the language of the 
upper classes and of the I^aw Courts ; even to- 
day our Sovereign uses this language when he 


gives his assent to, or withholds his assent from, 
Ihlls that have passed the two Houses of 
Parhainent.* For a time, however, the inaas 
of the Rnglisli people clung tenaciously to their 
old language, hut gradually the two races lK‘gan 
to blend, and Rnglisli assumed the form which 
it lias to-day — a fusion of Anglo-Saxon and 
Norinan-h'nnieli. “ Most of th(* words in our 
language which relate to feudal institutions, 
to war, law, and llu^ <ha.s.\ were introduriYl in 
this way. ' (Mason.) As was pointed out in the 
introriiietory a' titlc to the Study of ].«angiiages 
I page 1I7 |. om‘ of the chief idfeets of the intro- 
duction of Norma.n-Freneli ivas lh(? gradual 
di.su,s.‘ of the grammatieai inflexions of Anglo- 
Saxon. I'lider its influeneo our language has 
heconu* largcdy analytic instcNid of being 
synthetic or inllexioiial. 

The Revival of Learning. What 
is ealh‘d the “ Henaissanee, ' the groat revival 
of the study of the classical languages in the 
sixt('(‘nth eimtiiry, gave an immense numben' 
of Latin words to our language*. This is the 
fourth, and practically tlie last, invasion on llie 
])art of Latin. A perfect erazi* arose for using 
long, cumkasonu*, and unwieldy woids taken 
straight from J.atin. and even from Greek. 
'J'lu* authors of this period and S(*hool are 
often painful reading. For example. Trench 
gives th<* following uncouth creations: “ Torve 
anti tetrie - .s/rra. sercre (Fuller); cecity — 
blindness (Ilookc*! ) ; insulse = (aAclcss (Milton) ; 
faeinorous- gnihy (Donne); sullluiniiiate to 
put the drug oa (Jhirrow); inoliminously with 
(Hint (Cudworth) ; immareescihli* - unfading 
(Bishop Hall); hieilerously : bringing light 
(Browm).' 

.Many of the* words thus introduced have long 
since* perished, and during the la^^t Jiundrcd 
years (»r so IIktc has Ikm'ii a strong ri'aetion in 
favour of a j'(‘tinn to a jmrei' Anglo-Saxon 
diction, 

111 many l ase.s ihi* .‘'Mine l^atiii weird lias given 
iis two words in Rnglisli, one coming direct 
from the l..atin, the other through the medium 
of N<»rnian-Freneli. For exa]n})le : 

. . hired Through 

from Lftfiu. JNtnmtn- French. 


Fragili"' 

fragile 

frail 

Ratio f iiein) 

rational 

reason 

I’otio ( iiein) 

jiolion 

jioisori 

Duiet^l^ 

quiet 

coy 

Jhiii'tum 

jiun'^'tuate. eti . 

pfiint 

Factum 

fact 

feat 


Similarly, hn.'.itUul and hotel, tduspheme and 
bt'imc. p'KtjKr ami ptHU'. redemption and ransom, 
senior and sir. yetlnnd and r<ennd. j and 'am and 

joint. 

Miscellaneous Words. In lab*r times 
Rngli.sh has borrowed words from almost 
ev(*ry language under tin* sun ; ns our borders 
liave extended, and as our eommerec has 
grown, so has our huiguagt* beeomi' more and 

♦ The lown-.crier ])erj)et nates a Norman- 
French word in his “() yea,” which really is 
‘‘ Oyez,” the imperative of etyer, to hear. 

1769 
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more cosmopolitan. Some of the chief of these 
sources may bo mentioned : 

Chinese. Caddy, junk, gong, nankeen, tea. 

Turkish. J^y, ottoman, siiush, tulip, janissary. 

Persian. Bazaar, altar, sherbet, turban, (ihess, 
dervish, hookah, lilac, musk, tafTeta. 

Hebrew. Sabbath, seraph, cherub, amen, 
leviathan, jubilee, Satan, ophod. 

Arabic. Alchemy, alcohol, algebra, almanac, 
alembic;, tarilT, zenith, zero, nadir, talisman, 
naphtha, colTee, nioscpie, fakir, giraffe, harem, 
sultan, vizier. 

Hhidustani. Musliu, calico, rup»‘e, lac, ])un- 
dit, .sepoy, thug, sutti*c, chutnecs jungle, pariah, 
nabob, bungalow, coolie, curry. 

French. Etiquette, soiree, menu, eau-de-vie. 
chef, ennui, bouquet, bon-bon, trousseaii, 
(;arte-de- visite, t cte-a - 1 et e. 

Spanish. Alligator, ainuida, matador, 
toreador, battledore, galleon, cargo, bolero, 
eldorado, tornado, renegade, verandali, < a.stanets. 
ehocolatt;, don, negro, mulatto, grandee, pillion. 

Italian. Banditti, maeearoni, folio, (juart(», 
stiletto, stucco, incognito, gazetlt', brigand, 
gondola, inlluenza, motto, opera, eone(‘rt, and 
nearly all the terms used in music. 

Dutch. Boom, .schooner, sloop, skipper, 
ya(;ht, reef, skate. 

Gaelic, (hin, tartan, pibroch, slogan, plaifl. 

Portuguese, (.’aste, cocoa, palaver, porcelain, 
marmalade, commodore, hdish. 

Polfincsian. "FalMU), tattoo, boomerang, 
kangaroo, wombat, wonga-wonga. 

American Indian. Squaw, wigwam, pampas, 
papoose, tobacco, tomahawk, maize, pemmiean, 
potato, hammock. 

Sciontilic words emj)loy(‘d in botany, im‘diein<‘, 
etc., arc mostly derived from Latin or 

The Five Periods of English. It is 

possible to trace five distinct periods or stages 
through which the English language has pass(*d. 

1. Early Anolo-Saxon'. This period exteml- 
practically up to the time of the Nonna ii 
(vonquest, at the close; of the eleventh eentuiy. 
There Avero two main dialects of the language* - 
the Anglian in the north and the Sajam in tin* 
south. Gradually the East Midland variety 
of the Anglian branch (spoken in the district 
round Oxford and Oambridge) spread to London, 
and Ixicaine the ])arenl of modern staiidanl 
English. 

2. Latk An(jlo - Saxon. Tlii.s lasted 
from about 1100 a.d, to 1250 a.d. Tlie most 
noticeable feature Ls the intiuen(;c of Norman- 
Frcnch. The Ntwmans would not trouble to 
learn the Anglo-Saxon inilexioiis, conse- 
quently the language began to lose its inflexions, 
and many of its distinctions vanished. 

3. Old P]nglish. This busted from about 
1250 to 1350 A.D. The weakening influence of 
Norman-French was still more pronounced, 
and the language became rapidly analytic. The 
English of these fir.st three periods is very 
different from that of to-day, and needs to 1 h' 
.studied almost as though it wore a foreign 
torque. 


4. Middle ExcLi.sir. But when we come 
to this period (1350-1500), of which Chaucer 
is the shining light, we approach much nearer 
to our modern language. A great deal of 
Chaucer can be read right off by any English - 
s|M'aking |R?rson of average education. It was 
during this period that the East Midland dialect 
licearne predominant. 

5. Mon BRN Enolisit. 1500 to the })re.sent day. 
This brief review helps us to see that tlie two 
chief elements in the English language ar<; 
Anglo-Saxon and Ljitin, or (as we may also 
call them) the Teutonic . element and the 
Komaiiee element. The former was introduced 
into this country by the Angles and Saxons, and 
to a l(‘ss degree by the Danes and Norsemen ; the 
latter eamo in, as we have seen, either directly 
or through tlie in(‘flium of Norman-Freneh. 

Teutonic v. Romance. Tliese two ele- 
ments have bkmtletl together to form our modern 
language. But we must never forget that the 
basis, or framework, is Teutonic or Anglo-Saxon. 
Jt is trill' that there are more than twiei' as many 
(lassieal oi* Bomariee Avoids in our language 
a.s Anglo-Saxon, thi; numbers gi\^en by some 
authorities being res]>eetively and 13,0fK). 

Vet the majority of those used belong to Anglo- 
Saxon, and A\ Ill'll we want to exjiress our finest 
feelings, or to interpri't the deepest things of 
life. AVI' naturally resort to that language. Jt is 
at once Ihi' simplest and the most dignified. 
.V wisi' Avriter. of eoursi'. Avill avail himself of 
both elements ; in fact, he cannot help himself. 
Jbit he will see to it that Avhili; the super- 
structure may be Romance, the basis of his lan- 
guage Avill be Anglo-Saxon, lie Avill never 
choose a classical word wfien aTeutonie oncAvill 
do I'qually Avell. As a rule, the Teutonic Avord.s 
are the sliorter. Most words of thiee or more 
syllables, and many of thosi' of two, are ela.ssieal ; 
Avliile in most Avords of one syllable, and Acry 
many of two, the 'IVutonie elemi'nt prevails. 

Teutonic Elements in English. 
M'he following are the eliief Teutonic elements 
ill our language : Vronouns, numerals, pre]K)si- 
tions, conjunct ions, adji'clives of irregular 
I'ompariHon, auxiliary A’l'ibs, all verbs of strong 
conjugation, and some of weak ; also most words 
relating to hou.se, farm, family, parts of the body, 
common natural objects, common actions and 
things, trades, etc. On the oth(*r hand, Avords 
relating to law, religion, government, war, 
.seienee, art, philosophy, are mostly classical. 

One great advantage given to the English 
language by this blending of two distinct 
elements is that it i.s particularly rich in words 
of similar though not identical significance. 
It can, therefore, expri's.s delicate shades of 
meaning that are impossible to other languages. 
Notice, for example, the following list of pairs, 
one word being Teutonic, the other classical ; 

Teutonic, Classical. Teutonic. Classical. 

cold frigid breadth extent 

liaixl difficult A^'cdlock matrimony 

bitterness acerbity feeling sentiment 
(iod deity life existence 

Avork labour love pas.sion 
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Teu^ie, Classical. 

maw stomach 

bloom flower 

hearers audience 


Teutonic. Classical. 
world imiverse 

worship adoration 
flri' conflagration 


This list might l)c extended almost to any 
length. It will be noticed that, on the whole, 
the Teutonic avoixIs are more “nervous" and 
expressive than the classical. As a rule, IIh^y 
come first to one’s mind, the others l)eing 
employed subse(piently to avoid repetition, 
or to amplify the meaning. Naturally, our 
finest poetry is largely composed of the 'reutonic 
element. Shakespeare is well worth studying 
from this point of view alone, d'he Authoris(*d 
Version of the Bible, Bunyan and Ihdoe 
contain whole paragraphs oom{)osed almost 
entirely of Saxon words. For simplicity and 
pathos there is nfithing to beat Anglo-vSaxtm. 
What is the idiann of such a f>ie(Hi as, say, 
Tennyson’s “ Crossing the Bar " ? Suredy it 
is the fact that it contains hardly any but Saxon 
words : 

Sunset, and evening star. 

And one clear call for me, 

And may there Ix^ no moaning of the bar 
When 1 put out to sea. 

But such a tide as moving seems asleep. 
Too full for sound and foam t 

When that which drew from out the 
boundless deep 
Turns again borne. 

Twilight and evening bell. 

And after that th(^ dark : 

And may there be. no sadness of farewell 
When I embark. 


For tho’ from out our bourne of t imo and place 
The flood may b(*ar rm' far, 

I hope to see my Pilot fact* to face 
When I have crossed the bar. 


How many words of classical origin can you 
count there 't 

Perhaps the best modern (*xampl(^ of the elas.si- 
eal style is to be found in the works of the hitt^ 
Frederick William Farrar. Jf we open them at 
any page, we find majestic, sonorous stmleuecs, 
almost every other word of w hich is of (dassiral 
origin. For example : 

“ Christ willed that they shouhl be husbantls, 
and fathers, and citiz{*ns, not ej*(‘mites or monks. 
Ho would show that Ho ap})roved the brightness 
of pure society, and the mirth of innocicnt 
gatherings, no less than the ec«stasics of the* 
ascetic in tho wilderness or the visions of the 
mystic in his lonely cell. . . . (flirist camenot to 
revolutionise, but to ennoble and sanctify. . . . 
He came to teach that the service which (ted 
loved was not ritual and sacrifice, not jioinpous 
scrupulosity and censorious orthodoxy, but 
mercy and justice, humility and love. He came, 
not to hush the natural music of men’s lives, 
nor to fill it with storm and agitation, but to 
1*6- tune every silver chord in that ‘ harp of a 
thousand strings ’ and to make it echo with tho 
harmonies of heaven/' 


Relation of English to Other Lan- 
guages. The languages of the world 
are arranged in families, according to rcsem* 
blance in grammar and voeabulary. One of 
the.se families is known as tlie Indo-Europeany 
or Anjmi family. It includes : 

1. Sanscrit, whic’h is the classic language of 
India, and exhibits the Aryan grammar in its 
most perhx t form. 

2. Persnni. the earliest literary form of which 
is called Zend. 

3. Slarovir. including Bussian, Itelish, Lithu- 
anian. Lettish, (‘te. 

4. Craco- Latin, including (b(*ek and Latin, 
togotlu‘ 1 * wit lithe. “ Romance " languages derived 
from l^atin, such as French, Italian, Spanish, 
and Port ugucse. 

5. Keltic. eom])rising (jlaolic {i.e.. Irish or Krsc, 
Manx, and Scottish (Jaelic), and Oyiuric (i.e., 
VV\4sh iind the ArmoriiMin of Brittany). 

(). Teutonic. This group is divided into two 
main sections, Scandinavian and German. 
Scandinavian includes Ic(‘landic, Swedish, Nor- 
w’cgiaii, and Danish. German comprises High 
(Vrman (the languages spoken in Sotith Ger- 
many) and Low German (tho languages spoken 
in the northern lowlands of (termany). To this 
latter section (Low German) English belongs, and 
has, for its nearest neigh l>ours, Frisian, Dutch, 
Flemish, and Platt- Deutsch. 

Not all the European languages arc of Indo- 
European stock. Turkish, Finnish, and Hun- 
garian (f.e., Magyar), for example, are of a 
clitTerent stock. They have- hec^n introduced 
from (Vntral Asia in comparatively modem 
times. 

Grimm’s Law. In addition to words that 
have been imported into Englisli, there an*, many 
English w’oids, or roofs of words, that are 
common to most of tlu^ Aryan languagi^s. These 
have not bei‘n borrowed by one from another, 
but all tliedilfer(*iit languagi'shave roiicived them 
from some earlier source, ft has he(*n noticed 
that in cai^h set of these words common to several 
Aryan language's th(‘r(i is a certain relation 
existing hetwei'ii the? consonants, fl’ho expres- 
sion of this relation is known as “ (Grimm’s Law,” 
heeaiisc it was stated by Jacob (irinun (1785- 
lSfl‘1). It is given hy Mason as follows: “If 
the same roots or the same words exist (1) in 
Sanscrit, ( Jrcck, J^atiri, eti*. ; (2) in (’lothic or tho 
Low German dialects ; and (3) in Old High 
German, them 

1. When the lirst class ha,vo an as])irato, tho 
.se(!on<l have the r-orresponding soft, ehei^k (i.e., 
flat mute), the third the corresponding hard 
cheek {i.e.. sharp mute). 

2. Wh(‘n the first class havii a soft cheek (flat 
mute), w'(5 find the corresponding hard check 
(sharp mute) in the second class, and tho cor- 
responding aspirate in the third. 

3. When the tirst class have a hard consonant 
(shaip mute), tho second class have the aspirate, 
iind tho third the soft cheek (flat mute), in this 
third section of the rule, houever, the law holds 
good for Old High German only as regards tho 
dental series of mutes, the flat guttural being 
generally replaced by hi and the flat lakial by /, 

1771 
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Examples : 

Latin 


(ircek 

1 . 

chen 

ther 


i(h)anHcr 
fera | 
tero i 


gnomi l^nosco 
cleka docem 
kaiinabis — 


kardia foordis 
Ircis jtroH 
.sup(‘r 


Juipor 


hnn.-^a 

bhri 

jna 

Idasan 


liridaya 
t rayjis 
iJpavi 


• Enq 
Ush 

Gothic 

ou 

High 

German 

goose 

Kiins 

kans 

deer 

dills 

tior « 

bear 

haira 

pirn 

know- 

kail 1 

Iclian 

ten 


zidian 

hemp 

|laihun| 

jhanaf 

heart 

hairto 

(her/a) 

three 

Itlireis 

dri 

(U^er ! 

|ufa r 

uhar 


The student will find it interesting to Uike 
otlier words, such as garden, daughter, door, dare, 
middle, brother, beech, be, kin. knee, foot, two, 
tooth, help, thou, other, father, full, fish, etc., and 
trace their relationship witli kindred words of 
other Aryan languages along the lines of this 
g€*neral law. J<higlish thus c(?ases to be an inde- 
])endent language, arbitrarily invented for our 
exclusive use. We see it to be a gradual growth, 
a single member of a large famil}^ of tongues. 
Avith brothers and sisters, nephews and cousins, 
closely I elated to it on all sides. It thus 
falls into its place in the general scheme of 
evolution. 

Conrluded 
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By Louis A. Barbe, B.A. 


NUMERALS — (.'onl inued 

IV. — Collective and Approximative 
Numerals 

Ey tlio addition of aine to (oil a in eardinal 
numbers, iiiinierals are f(»rined that so:netim<‘s 
indicate; a eollecdion, sound iines aji approxirn.i- 
lion. 

1. Unit, huilainc. Iluitalne is elii(dly u.s(‘d 
as ‘‘a week,” hi t‘xpressions c»f “time how 
long,” as : J'ai jmssv uno hulfatnf <ie. jour.s- it 
Paris, 1 spent a week (or, alxnit a Avec‘k) in 
Paris ; renuttre d huftaine. t<» postpone for a 
wwk. As a measure of time, ‘ a Meek*' is 
nnc semaine : 'I’he y(*ar lias 5'2 weeks, Vannfe a 
c i rtffu a nte- d e u x se ma i n cs . 

2. JVeaf, neumine. Xeuvainc is used only in 
nil ecelesiast ieal sense in the ( 'atluilie (diureh, and 
means a novona—Lc., nine days’ devotions. 

3. Dix, dizainc {.v changed into Dhainc 
is used approximately, ” aboiit ten,” (‘xeept 
in iinmerat ion : les unites H les dizaines. iinils 
and Ioiih; vne dizaiue de francs, about It) francs. 

4. Douze, douzaine (a ()mitt(‘d). Dvuzainc. is 
used both eollectively and approx inuit ively : 
Trt)is douztrinfs d'a uj'^, thre(; d(r/<Mi eggs ; il 
up a gucrc qiCunc douzaine dc jursouncs, then’o 
are hardly more than a do/icn jx'ople. 

.*>. Quinic. guinzainc. Quinzainc is u.msI for 
a “ fortnight ” in the same uay as huilainc for 
a ” Aveek.” It is also approximative : Ihfc 
*fuinzainc dv fraurs. about lo fi-ancs. 

(». Vingtaine (2t)). trenlamc (30), guaraufaiur. 
(40), duffuantainc (50), soixantainc ((iO), cenfain*' 
(100), are usi^d approxmiativ(dy : Une vingtaine 
dc liguLS. about 20 lines ; nut centaine de 'i>ages, 
about lot) })ages. 

7. Millc has the tolleotive and appnixiniativt* 
form millicr : Iks milliers dc. francs, thousands 
of franiis. 

8. Multij)lieati\ e niunerals are ; une. fois 
d<ax fois. trois fois, etc., onec, I wiee. threi 
times, etc. 

V. — Time 

I'lio hour of the day is expres.sed as lb Hows : 
Une heurc, one o'clock. 

Une hfure drug, fi\u‘ minutes past one 
Une heure at quart 
line heure un quart 
Une heure et mi gnaH 
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Une heure et demie. half past one. 

Deux hcin cs moi'us ring! -cinq, 25 miunte> 
t w o. 

Unc h(urr. trois quarts I 
th ux hcuH s nanus uu quart r . , 

Deux hcurcs moms Ic quart / 

Midi et demi. half past twelve (noon). 

M inuit et demi. half past twelve (nigld). 

The t‘xpressi()!is ” a.m. ” and ” p.m. ” are 
reiKbu'ed by du matin, du snir : de dix tonues du 
matin d dix heures du soir. from 10 a.m. to 
10 p.in. 

VI. — Dimension 

Dimension may lu‘ (Expressed eit her alt ribiO - 
ively (w ithout a \erl)) or [)nali( at ivtdy (Avith a 
\erl)). 

Mb (‘xpress (liimaision at tribut ively there ar*' 
three const met ions : 

1. In the first the mum is followed by an 
adjt'ctive of dimension agreeing Avith it in 
g(‘ndcr and number, tlnui by de. and lastly by 
(he inuneral and iionn of UK'asuri* : fb 7 uur 
haul de tr(n's 7 uetres. a Asall three nudres high. 
M’he other adjectives used in this way ar<‘ : 
long, long ; large, hroad ; profond, deep ; 
cfMtis, thick. 

2. In the second the noun is followed by de. 
Avitli the numeral and noun of measnn*, and then 
by another de with an in\ariable adjectiAc oi 
dimension : Uyie table de deux metres de long, 
a tabh; two metres long. 

TJiis const ruction is not n.sed with prftfond 
or epais. 

3. In the third the last Avoid, instead of 

being an invariabhi adjeedive, is a noun of 
dimension : longueur, largeur, hauteur, pro- 

fnndfur, e^Mtisseur, diametre, eireonference : (hi 
fosse de deux metres de. profondeur, a ditch two 
imdres deep. 

Mb express dimension predieativel^' eitluT 
Dre or amir may be used. 

1. WMth etre the verb is followed by an 
adjo(‘ti\'e agreeing in gender and number with 
tJie subject of the verb, and then by de Avith the 
numeral and noun of nu^asure ; Cette salle cst 
tongue, de cinq metres, this room is tivc metres 
long. 

2. With amir there are two constructions. 
In the first the verb is follow ed by the numeral 


a quarter 
past one. 



lind noun of measure, and then by de with a 
noun of dimension : Oe mur a dix mHreft de. 
longueur, this wall is ten metro'^ long. 

fri the second tlic last word is an invari* 
able adjective of diniensio?! : Cette imisan a 
quinze metres de liaut, this house is 15 metres 
high. 

Another construction may also bo tisod, 
corresponding to the English, as : A height of 
tm foot, une hauteur de. dix pieds ; this wall has 
a thickness of six inches, ce wur a une epaisseur 
de six ]K)uces. 

De is used in French, though not in English, 
after tlie verb “to bo ” in tlio moasuroinont 
of any number or quantity : The population i-i 
7,500, la jxjpuluiion est de sept mille ring rents ; 
the distance is ten miles, la distance est de dix 
milles. 

4. Square measure is exprossc'd by moans of 
tho prejK>sition sur : Une plaine de six milles 
de long sur six de large, a plain six miles long 
by six bro.xd. 

Sur is also used with numbers, in the sons(^ 
of “ out of “ ; Nou^^ aimis eu deux beaux jours 
sur dix, wo have had two fine days out of ton. 

VII. — Numerals with “ En ’* 

WVicn in a sentence a numeral is used witho 0 
the noun to which it refers, that noun being 
understood, the pronoun en must be usticl. 
Its place is imnuHliately before tho verb : You 
have fifteen francs, 1 have only ten, roi/.s arc: 
quinze francs, je n'en ai que dix, 

VIII. — Numerals with “A” 

1. In English, when “ place where ” is 

indicated in terms of distances the proportion 
“ at ” o nit led. In French the preposition 

d must be used : 

Versailles est a vingtdrois kilotnetres de Parts, 
Versailles is twonly-ihroc kilometres from Paris ; 
II demenre a dix milles de Drndres, he lives ten 
miles fro ii Ijondon. 

2. Between the same numeral repeated, d is 
used to express ro nbi nation, or union : 

Ils marchent deux d deux, they walk two by 

two. 

3. In scoring, at certain g.imes, d is used after 
a numeral to exp css equality ; 

Quinze d. Fifteen all ! 

IX. — Numerals with “ De ” 

1. De is used instead of que, for “ than 
before numerals, when no real comparison is 
expressed : 

Vous avez plus de dix f antes. You have more 
than 10 mistakes. 

2. After a numeral (with a no m oxpross<xi 
or understood), “ more than,” “ less than,” arc 
rendered by de plus, de trwins : 

J*ai deux f antes de tnoins que vans, I have two 
mistakes less than you ; Vous avez cinq francs 
de plus que nous, you have five francs more than 
we. 

3. These two uses of de may bo combined : 

II a plus de cinq cents volumes de plus que 

vous, he has more than 500 volumes more than 

you. 
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4. In comparison de indicates tho measure 
of excess or of inferiority : 

Plus age de dix nns, oM>r by ten years. 

5. When th^* snbstiintivc to w'hich a numeral 
refers is r(‘pr(*scntcd by t he p”0 loun en, placed 
before th^ verb, tho adj(M*tive that follows 
the numer.il must hav(* de Ix^fore it : 

t^ur mille habitants, it ntj en a jxts dix. de 
riches, out of a Ihoiisand inhabitants, there 
are not 10 rich. 

Exkrcusk XIU. 

1 . We have sp ml shout a fortnight in Loudon. 

2. I havi* bo g!it {arhrti), half a po md of 
butter and half a. doA'Ui eggs. 

3. Tn ninety-seven there are nine tens and 
sevum units. 

4. M’here are about a. buml'vd pvgjs in the 
copy-book ( rah i cr ) . 

5. What tiim* is it ? It is t(*n minutes past 
four ; in five minutes it will be (.sera), a quarter 
pist fo ir, and in twenty minutes it will be 
half p\st fo ir. 

G. riiis .street is half a mile long and fifty feet 
brt)ad. 

7. (bir ho ISO is mon; than fu’ty feel. h'gU. 

8. Tliis table is two metres loug by one metre 
seven tv-live ecmtinu.tres broad. 

0. Yo I Iiavo lhr(‘e mistake's {fautes, /.) ; I 
have o dy out^. 

IG. Dover (Donrres), is nbo it {environ) 
twenty-oru' miles fion Calais. 

11. The Straits of Dover {le Pas de. Calais), 
are mo.v than twenty miles broid 

12. 5"0'i have (*arn(‘d {ga'jnf ), more than fifty 
francs more than we. 

Kky to Exkucisk Xll. 

1. 'IVois, eimp sept, onxe, do ize, quinze, 
dix-neuf, vingi (^t un, vingl-deiix, tronto, trente 
et un. (piaranto <juat re, eiiKpianl (»-einq, cin- 
quanto-buit, foixante, soixaut (Mieuf, soixante- 
dix, soixanlc el on/e. quatn'-vingis. quatre* 
vingt-neuf, (piatre-vingl -on/e, qualre-vingl-dix- 
neuf, cent, deux cent dix, trois cent einquanto, 
S(‘pt cent quatre-vingl -iieuf, neuf cent onze, neuf 
eent (piat rt'-vingl -dix-neuf, mil deux cent 
tronte-(juatre. 

2. ITemicr, deuxieme. second, (juatrieme, 
einquieme, neuvieme, vingtieme, vingl: ot 
unieme, trenle-deuxieme, tjuarant e-cincjuici ie, 
eitiquanteel unieme. sui.xante-sixi^me, soixantc- 
dixieme, soixanti^ ct on/.ieme, (piat re- vingtieme, 
qiiat re - vingt - unieme, (jiiat re - vingL • neuviemc, 
quatre - vingl - dixieuu', (puitre -vingl - on/ieme, 
quatre-vingl -dix-neu viem<*, e(‘nt ienu*. 

3. Un ct un font deux, et deux font quatre, 
ot quatre font huit. et huit font sc'ize, ot seize 
font irente-<Ieux, et trente-deux font soixante- 
quatre, et soixantc'-qiiatre font cent vingt-huit. 

4. l)(‘ux fois un font deux ; tiois fois deux 
font six ; quatre fois six. font vingl -(piatre; cinq 
fois vingt-quatro font cent vingt. 

.5. La minute contient soixante secondes. 

G. La seconde i.'st la .soixant ieme partie d’une 
minut(*. 

7. La lumierc em])loie liuit minutes treize 
sfTOndcs a venir du so lei I. 

8, Dans une heiire il y a soixatite minutes. 
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9. Lo jour cst im chpace de vingt-quatre 
heurcH, 

10. Do luinuit a midi il y a doiize hcurcs. 

11. L ’annce ast comi)Os6e de trois cMmt 
soixantc-cinq jours ot un quart. 

12. La semaino a sept jours ; le mois a 
quciquefois trcntc ct un jours, qiielquefois 
trontc jours ot quolquofois vingt-huit soulement . 

13. Le mois de finu ior, le douxieiue mois do 
I’aiinec, a vingl-huit jours. 


14. lyuruioe oommeiice le premier j;:.nrier 
olio link loirente et un decern bre. 

15. Lo mois de decern bre est le dernier mois 
de I’aniioe. 

16. La fete de Notil tombe toujours le viiigt- 
oinq tleccmbro. 

17. Lo vingtiemc siecle a commence le prem'Ci 
jaiivier mil muif cent un. 

18. Quel est le quant ieme? O’cst le premier 
decern bre. 


GERMAN ' lir rr By P. G. Konody and Dr. Osten 


XXV. Thfi PiiKPosiTiONS [see XV".] which 
govern alternately the dative and llie mrnsatire, 
are; an (at, on, upon, by, near); auf (on, upon, 
in, at, up); bintcv (behind, after); in (in, into, 
at); itebeu (by, near, hy the side of, beside); 
libev (over, above, on, upon, at, about); initt'v 
(under, below, among, between); ror (before, 
ago, since) • Qv i f d) c u (between, ])(‘twixt, among). 

1. Tlic preposition governs the dative if the 
sentence answers the ipiestion uh' V (wluu’o?); 
whilst irolmiV (whither, whereto?) is answered 
hy the accusative: tlius tlie dative implies a 
slate of rest, tlie acensat ive of mot ion. 

Examples : 'Ibid) licvV u f (.3) t o in X i f d' c , 

the hook lies on the table [where? .Dative: on 
t ho table]. 5d) tqv oaci 'ihtd' vinf (3) ten iifd'. 
f put the book on the tabh? [wliitlnu’ ? Ac<‘usative: 
on the table]. Tev .tidfev fvial't vuif (3) 
i ifd)c, the beetle crawls on the table (implying 
tliat the boeth^ is crawling about on tlie table). 
Ter dliifer friodu nnf (4) ten iifd' (implying the 
act of crawling on to the tabKq. 

2. The dative, and aecumtive of tlu^ detin ii(‘ 
article of the dependent noun is often eontracied 
with the governing prc'posit ion. 3’he dative 
singular, masculine and neuter tem may he 
contracted with the ])repositions bci (3), near, 
about, with, at ; t o u (.3), from, of ; ^ n , to, at, l)y : 
bci tem, iH'i! torn, pi tein, are contracted into 
bcini, \joui, pun. 

,3n is also contraet<‘d with (he dative of (Jk* 
feminine definite article tcv: pi ccr piv. 

The prepositions p n v d' (4), Ihi’ough, by : u in (4), 


singular muiter t a into : a n c( , vi u f , (i into v o , ^ 
i n , ii b c V p , ii n tc 1 1 ' , v o v p ■ and b inter, ii b c v , 
iiutcr, vcv, with tin* daJive and accumtire 
maHculine pem and ten into: (untovin (.3), 
binicrn (4); iilnvin (.3), iibnn (4); nntrrm (3), 
nnrern (4); I'onn (3), rovii (4). 

Exxmpi.es: (Vf ivav im [in (.3) tem] Aimmev, be < 
was in th{‘ room fwlu'rc? dat.\, ('»'v iiict 
[in (4) taej .hiMincv, lie wmit into the room 
1 whirlier ? nn'us. j. 'seb .piK^ pini [pt (.3) pem) Vlvdc, 

I went to th«‘ do-tor. od' iiMV beiin [bci (3) temj ' 
',’tvpo, I was at lh(‘ do-for's, (9v pof tnvd'*' 
[till’d' (1) taol il'cr nut itme< [am (4) tat] Torr, i 
lie ran througli tlu“ gale and around the village. 
Tav' 'XMlt bauvp imtcvm [nntc; (3) tcml, iil'cvm 
[iibcv (3) temJ 3ru\\cl, the picture hangs under' 
iieath, above, the mirror. (S’v levpc fid' 
fanf (1) tapj, int [in (1) tvicl (Vtrvit\ lie laid (hiin- 
.s(‘lfj down on (o,\ in) tli(‘ grass |on wliat ? |. 

(vr Icaic lid' im[in (.3) tein| (’'hafe iitecer, he lay ^ 
down on I he gras'^ i w lu ri* ? dttf. |. ' 

XXVI. The .VriKnu rr' K .Vo.rKCTix ic | si‘(‘ 
V'lll.,rt| agi’ees in gend'*r. nuinher, and ‘•case 
with the snhstant j\'(‘ a Inch il qua lilies, and mayl 
tiicrerore t.tke the weak, the strong, or tin* 
mixed dcL-lensio^i. . 

1. Wlu'U pr»HMHlcd hy thed»*tinile art iclo 1 1 , p. ' 
74r>| or by a ileliTmining noim of eorrespo uliug 
Heel ive terminal ion, pi-onoiin. etc., tlii' aflji i tiv' 
talo's thf' weak d(‘t !cnsi«>:i. 

I'XAMPLK; vVl^ good. (I 'rlim'd a,s altribul iv«‘;q 
adje( i iv(' in : t 





bev vpir-c 'Ikpcv (m.) 

tie vpit-e 'hhurev (/. ) 

tap vpit-c ,niub (w.) 


Sing. 

1 . 

bev kpit-c 'ihuev 

tie vpir-c ^Diuitci 

cap \pir-c .Hint \ 



2- 

bcp vpit-cn 'Iwitcvp 

bev vpu-cu llliuuev 

cco ^pit-:u .Uiiipcp 



3. 

tem cpit-fii ^llatcv 

Pcv qut-cu ?l1hiltcv 

tem vpit-cn .Uiiibe 
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4. 

ben ipit-cu ''Ihucv 

tie ipit-e lHiiiuev 

tap ^pit-c *Wiup 


ri 

1. 

bic vpit-cii 'Ihifcr 

bic vpit-cii ?l)iiiiici 

f(c vpif-en .kiMPcv 


»» 

2. 

bev ^pit-eii 'inirev 

ter gui-cn llliattci’ 

rev vpu-cn .Uiiitcv 



3. 

ben ipit-en 'ihitoni 

ten vPit'CU ?l1iiirrcui 

ten ^pit-cn .ninbevii 


- 

4. 

tie ypit-en Twirev 

bie .pir-cH Wiiitiv 

tie .pit-en .itinbcv 


around, about, for; and fiir (4), for are eon- (a) In this declension the adjectives take the: 
tractod with tlio accusative of the neuter definite inflection -c in ihe nominative singular of alt 

article ba^; buvd) bvic, urn bap, fiir bap, genders, and in the accusative singular of the^ 

into buvd)ci, umd, fiivp. feminine and neuter genders. * 

The prepositions an and in are contracted with (h) All other cases take the inflection -:ii. 
the singular, masculine, and neuter tem: 2. The adjective takes the inflections of thej 

an bem — uni, in bcni — im. strong declension, when it is not preceded by the^ 

The prepositions an, a:, f. bin tcv, in, ubrv, article or by a determining noun with the in-] 

liltttr, \)ov. arc contracted with tho aenisafire flections of the deliiiito article [see V^., 3]. f 
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UNQUAQK8-4)KI|ImM : 

1. pt-ct (m.) pt-e 3}hittcr (/.) pt-c^ .^iub (».) PI ' I, pt-j iUter, SOliatcv, .Hititcv 

2. pt-en* pt-cr ajhtttcr pt-cu* .U'iutc^ „ 2. pt-cc 'lUter, SDJuttcv, 

^ 3. pt-em pt-ci SJhUtcv „ 3. pt-cti iBatetn, SWrittcrit, .Wiiibcm 

4. pr-cii il^atci’ pt-c 9)luttct »» 4. pt-e SWfUtcr, .Hiiipei* 

^ i The adjective takes the mixed declension ctc(-cit), or owe o/ is dropped (eb[c]l- e m and 

i^vhenprexsededby the indefinite article I StvV'.. 4] ctel*ffl^^b et[e|(-ci! and cbcl-b Ju, cm and 

or by -a deterniining noun with corresponding iKitcr-rclm, hcitlcjr-cn and ln'itcr-[c]u , etc.). 

(rf) Adjectives ending in -en (yV'ltcu, golden), drop 


[declensive teniiinations. 
Sing. 


1 


1 . 

2 . 

3. 

4. 


ciu v\ut-cv 'l^vitcv {m.) 
cinecf pt-cu 
ciucm ipit-cii Ivncv 
eiiicu pr-cii 'Inalcr 

In the plural tho adjectives take the in- 
^fiections of the strong declension, if unattended 
[see XXVI., 2J, or of the weak declension, if 
attended by the definite article or (‘<|ui valent 
nouns. 

4. The inflections in the declt'usion of tho 
.attributive adjective with the definite, with the 
indefinite, and without article or (iorrespouding 
noun [see 1 , 2, 3 1, are summarised in the following 
table. 


ciiic pt'C ailiitfci* (/.) fin pt-ci^ cUiut' (w.) 

ciiiev pt-cii ^Viurkr ciuce pt-cii 

ciiier pr-fjt ilhitror extern vpir-cn .Uiiitc 

cine ipd-c iDliitrcv ciu ipit-fo .Hint 

the f of this terminatioriAvben tho inflections men- 
tioned in {a) are added (ter iU'lr[ pb [c]u-f ttl , 
plc[o|n-cu , ’■» and i^olt'jcjii-op). 

(e) Adji'eiives ending in -ncii retain the c 
in this terjninatioii wlien inlle<*1 ions are added 
(bcfou'iu'it, considerate ; rev iH'jcum'U-c, bc|\nmcu-ew, 
etc.). 

(/) 'rile adjective high, casts off in its 

declension tlie r of tlu' guttural terminatiom -c^: 
ter l)ol)-oni, l)eh-cu, lu'l)-ev, l)ol)-ce. 



M asculine 

SmuLAit 

Feminine 

1 Neuter 

Masculine 

Plukai. 

Feminine 

1 Neuter 

1 1 

trr 

.-c 

tic 

. -c 

i tac . 

-c 

tic 

-cu 

tic 

. . -cu 

tic 

. . -Cll 

nominative j 

ciit 

.-cv 

fine 

.-c 

ciu 

-cei 

— 



— 





.-cv 


.-c 

1 

-Ct' 


-c 


. .-c 


. .-c 

2 1 

tCi.’< 

.-cu 

tcv 

.-cu 

1 tcc< . 

-cu 

tcv 

-cu 

tcv 

. .-cu 

tcv 

. . -cu 

genitive | 

cinc^^ . 

.-cu 

ciuev 

.-cu 

! ciiKcf . 

.-cu 










.-cu 



. -cv 

1 

.-cu 


-cv 


. . -cv 


. . -cv 

3. 1 i 

torn . 

.-cu 

ter 

. -cu 

1 tem . 

.-cu 

tcu 

-cu 

tcu 

. . 'CU 

tcu 

. . -cu 

dative 1 i 

ciucm . 

.-cu 

cinev 

. -cu 

ciucm . 

-cu 




! 



\ ! 


.-nu 


i -cr 

, 

.-.'lU 


-cn 


. . -cu 


. . -cu 

* 4. 1 i 

ten 

.-cu 

tic 

. -c 

' ta^' 

. -c 

tic 

'CU 

tic 

. . -cu 

tic 

. . -cu 


ciucu . 

. -cu 

ciuc . 

.-c 

1 ciu 

-cc* 





, . 



accusative \ \ 













\ 1 


.-cu 


.-c 

1 

-Cl? 


'C 


. .-c 


. .-c 


5. {a) The c of the inflections -r, -cm, -cii, - r, 
and <y is dropp d in adject iv(;s ending in aii 
unstressed -c, like bm'f, bad; tlotc, sliy, timid; 
no tc, tired, weary ; trap lazy; jvciic, wise. Th(‘se 
add only -m, -ii, -r, and g. : s. 1. rcr u\nic 
Via^v, ..2. bcfii meife-n 'ihitcvo, s. 3 weife-m 'isitcv, 
|.jlwvtcir’-v 'Hhittcv, .v. 1. wcifc-ci .Hitic, etc. 

^5^6r Adjectives ending in -el and -cv (crcl , noble ; 
merry) cast off the e of this termination, 
for reasons of euphony, wlien they take the 
flectivo -c, -cv, or -ce (Dcr ft[ ]l-c 'hater, ftfo]l-ct< 
ct[p](-fV‘ 'hater, tie l)fit[c]i-f 9}lurtcv, heiifc]i'-ct^ 

.^int). 

(c) When inflecjted with -.mu or -cu either Ixith 
e’s are retained (iKihr-cm, bcitc r- c ii , ctet-rm, 

* An alternative strong masculine and neuter 
geniti e -M: sitf-M I is obsolote ami 

only retained in several idiomatic expressions, 
like feuic^tfaUtf [fdn-c^i i^allcc], in no case; jctcpfatlcf 
[iet-e^ at all events, etc. ; and even these 

words are also used with the genitive -cn: 
frineiifanef, jetrnfaf(c<, etc. The modern form is 
preferable. 


KX AMIN ATI ON PAPER VIH. 

1. By wb ich (|uoKt ions is it possi hie to determine 
the d'^eJensivo case a noun must follow, if 
it <Iop?nds on a preposition governing tho 
d ilive and accusative altcrtjately ? 

2. With which arti(;les can certain prepositions 
be con ^ r icted, and in wli ich declensive cases ? 
Which compommt remains niiMltered, which 
part of the. other is diopped, and which 
retained for thj now (rompoand? 

3. ilow many forms of declension are possible 
witli the attributive adjective, and which 
of them is used if the adjective is preceded . 
by the d(3finite, by the indefinite, or by no 
article at all ? 

What terminations are characteristic of the 
weak declension of attributive, adjectives, and 
in which cases are these terminations used? 
Is the attributive adjective unalterably 
bound to one system of declension, like tho 
substantive, or can it undergo all deirlensioas 
alternately ? On what cij’cumstances does 
the employment of one or tlic other system' 
dcfiend ? 


4. 


5. 
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How are the declensive inflections added 
to adjectives ending in an unstressed -f, -el, 

-ell, and -ucn? 

What irregularity is to be noted in the 
declension of the attributive adjective 
fio^(high)? 

^ Bxebcisis 1. ( a ) Insert the missing words 

and declcnsive inflections as governed by the 
^prepositions: 

SJlavfe war aiif Q.^vicf . {m ) Nitrite ten 

' A stamp was on the lettiT Put the 

QJrkf in .... ^arthe(/.)! tev 'Bilcf m 

letter in the pocket ! Is the letter in the 

.V^aiw ftcht bmtci Uud'c(/). 

pocket? The house stands behind the church 
®tv nsireu gc'fhrn in ... uni i\uuKu 

We wore yesterday in elnireh ; we went 

gf'ftcrn ill Uivcf'c umkii biiiki . . . 

' yesterday to [the j church Von were behind me 

nub cr cilte Iniitcv . ; unv uilncn imtei 
and ho hastened behind me: we rested under 
. ^amn .... (m.). tMcbcn iintci . . . 'i^ainu ! 
tho tree Go [you] under the tree! 

!t)aei »^aud liqt ^uni'dicn .... . .(///) mir 

;The house [lies] is sit uated l^etween 1 he ri vei and 
’Jl'dfc (/.). ( 5 i ftebt iH'i . fic ficUt 

jthe meadow. ITo stands before you ; she puls 
sHeri !lifcb rev — ci fa^ iicbcii .... aiif 

,tho table before the bed; he sat beside me on 
'4.,. S 3 ai!f{/.). Tic lU)r banc^t ubci .... 'Ihlc . .(w ) 

'the bench. The clock hangs above tho picture 
ua . ^lihnib(/.). b‘i licr ubci .... "l^uidc (/.). 

Ott the wall. He ran over the bridge. 

’’ '(b) Insert tho missing definite articl(‘s and 
Idrm the corresponding contractions ot thcs(‘ 
^articles and the prepositions. 

uvu bct...j. . . . iHidc(wi ) iirtb Hu'b cairn ki 
vI was at the physician’s and stayed then w ith 
4 Slfluttfr. (.'<■<< • 'ihiutc {/.) iialu 

Uhe mother. It happen<*fl at the bridge cIom* 

'h?albd'fii (n ) ; Cl ipnci pi 

to tho (dirnin.) vood; he went to the 

unb baim pi ’lliuttci fnib 'Piufe 

doctor and then to the mother. Here are lettel^ 

Up. .i. . . . i?lipf, ron .... SLKmtci, luit vc 

from tho doctor, from the mother, and from the 
.Hijtbc ; id) fain roii ^ imb baini 
cliild! I came from the aunt and went then 

SWlnttci ; cv fam aup .... («.); 

to the mother; he came out of the house; 

acfc in . . . A>aui?. Ci i UMUbcUc 

; '} went into the house. He walked thiough the 

iT^cr (n.) 'JDtiiblf (/,), bniih .... OKiiku (m ), 

gate» through the mill, through the garden, 

' , , 4 . . . i Tcrf (n.) i Sdb ( n .) mu' 

I^Qund the village into the field and 

honu ^diU'f; (n.). t^v bartc ric Sct'ci 

np to tlie castle. He had the i)en 

Cbtc (n.). Tev A>mib lk{|t 

bie^md the ear. Tho dog lies under the 

; unv faften .Hamiii'(?w.) ; c\ 

we sat by the fireside; he 

5 9 Jlimbc{w.); unv giiigcii 

a cigar in tho [his] mouth; we went 

in 'llaif(w.) 

school, into the park, to the 

wi* (u.). Ctv ^atevtanb (n. ). 

theakiyV'’ . He . fought for the fatherland, 
t lEjtfl* ' End of Sisooni) 


(fv fpvaiu^ ... $fevb ( n .) tmb iv'flobvicr'n 

He jumped on the horse, and gaUoped 

" . . . . (Vefb (n .), . i . ... s ... . (virao (».), 

across the field, through the grass, 

buve^ .... Sihilb (m.)/ . 'lidcfcy.). 

through the wood, oVer the meadow. 

Cid) flcllte utidi ... ^ . H^ev (n.) 

I posted myself before tho gate. 

Exercise 2. Add the missing declensivo 
inflections to the attributive adjectives: 

(^lu Vrluci (w.) h'H iiifM fiiieu faiif... 

A good teacher praises not [does not praise] a lazy 
v^dnilci (?«.); bci iptt .. Vcbici loin Veil flcifiu^... 
scholar: the good teacher praises the diligent 

2ibulei (^hit.. Vcbici (obcii bic 3clnilct. 

pupil. Good teachers praise tho good pupiH. 
C>i uMi tev nbifllub T'vUci cinei fdu'n... lodnei 
He uas the happy fatln*r of a beautiful daughter 
imb cince< bqabt . ^ohitco , fic umi ric licbcvoll . . 
and of a gifted son; she was the loving 
loditfi em... cbiiam... 3ibulimirtcii< mit 
daughter of a lespoctahle schoolmaster and 
bn'uuiii lima aut • • • lUcunr rci:< adicbt . . . 'ihitcu'' 
mariioda good triend of the [hei] beloved father. 
Tic 3obnc bccciitciic . . . '‘ihUci fiat nul't 

The sons of impoit.iul jgieatj fathers are not 
immci bfnuuur . . "Uuiiniei Wiit.. 'Vhittu fiiir cm 
always important men. (tood mothers arc a 
3ivpu; tic ipit.. . unt bic vulaiVlid). . . 

ble>sing; [tliej good motheis nn* the reliable 
('Himtlavtcu rci uuiiiiMtib. . . OkfcIl'fdHUt. 'Ibu 
foundations of [the] human society. Wc 

imbtcuiuub(3) U'cif;. . . ) nut iiaih(3) fu)*d'. . . 

si'arched lor \vhil«‘ biead and lor fresh 
?!}iitd>(/.) Tao put.. JNlu)d'(w ) viuff.*}) tem 
milk. Tlu‘ tender imvil stood [was] on the 
^ijibc; ub (ubi icir. . Vlvfcl(/«). rtc icif... Vtvfcl 
fai)le; 1 love u]>e ,'p])les; [the | ripe ajiples 
fuic' mfi; tK 3ii|;c icir . . . 'b'fii'fubc ift 

are sweet; the sw(‘etness of lipe peaches is 
IcUlid'. Tao^Dlard'cn tiua uiic vtolccu . . (orip'lc . . .) 
delicious. The girl famed a golden 

Uaiincf/.) vpluKt imtcCil... (orcr...) '.JIhiuo (tn.), 
can tilled with precious wine 

Vaimm U'ai Ml bi'fc Wattiu ciiic.^ U'cif... iUuimicc. 
Xaiitippe was thi‘ malicious wife of a wise man. 
"llhi up , 111 in tern Miatcl. . . (or Mint. . .) ,buniici (n .) ; 
We sat in thi* flaik room 

U'li laficii m cnuni ritnlcl... (or Mint...) . ici|; 
we sat in a daik n 

Cl bcuub.tcbin cbcii . . (onb . . .) ''hhvt(/a.) ; tvii U'awtevtcn 
ho used the level way [pith]; we walked 
iiiif tem fbcii . . . (or cb . . . ) ; t'cv ebeu . . (or cb . . .) 

on the level path; the level 
|cm fbcii ... (or cb. . .)] ift vpit. 'ilhr tranfeu brii 
(a level) path is good. We drank the 
t'uici . .(orbittci ...)'2t'ciii(w ) ; butii... (or bitt...)'lBeiu 
bitter wine; bitter wine 

batciiicn frf)lccf't...01cfdmiact, (m.); tcv bittcv...(or'bitt...) 
has a bad taste; the bitter 
'likiu mt tciur ; lick faucr. . (or fan . .)3Kilcb(/.) ; 
wine was dear; T like sour milk; 
faiKv... (or fail...) Cb|l(«.) unt tao fanev. . (or fan...) 
sour fruit and the sour 

(Mctvanf(^?.) finb iiurtcfunb. 
beverage are unwholesome. 

CorUimtd 
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